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Sammanfattning pa svenska

Texten i den hér rapporten har publicerats som en artikel i tidskriften International
Productivity Monitor (nr 42, varen 2022). Artikeln har titeln “The China Effect on
Manufacturing Productivity in the United States and Other High-income Countries” och
nds via den hdr lanken http://www.csls.ca/ipm.asp.

Globaliseringen under luppen

De senaste drtiondenas snabba globalisering har blivit alltmer ifrdgasatt. Nagra bidragande
faktorer till — och effekter av — denna skepsis d&r Donald Trumps tid som president, Kinas
inrikespolitiska utveckling, brexit och Rysslands invasion av Ukraina. Kritiken ar beklaglig,
men samtidigt begriplig. Utbytet av varor, tjanster, manniskor och kunskap mellan lander
ar grunden for vart materiella — och intellektuella - vélstand, men samtidigt har den
globala handelns positiva effekter inte sillan blivit mindre dn férvantat, kanske framst
utifran ett demokratiskt perspektiv. Vi vantar fortfarande pa att "historiens slut” ska
innebdra frihet, demokrati och ekonomiskt anstdndiga liv f6r alla. I tider av kris och krig ar
det dessutom rimligt att noggrant fundera 6ver nationell sarbarhet och behovet av att 6ka
handelsutbytet med politiskt nirstédende lander.

Det hér forhallningssattet star i bjart kontrast till den forestallningsvarld som
dominerade framfor allt under 1990-talet och fram till finanskrisen 2008-09. Den perioden
resulterade i att den absoluta fattigdomen minskade med hundratals miljoner méanniskor
i manga tillvaxtlinder, men har pa mdnga héll i vastvarlden bidragit till stagnerade
realloner, 6kade inkomstskillnader och en utbredd oro 6ver framtidens jobb. I blickfinget
for den har utvecklingen hamnar ofta Kinas framvaxt som vérldens fabrik.

Kina som ett naturligt experiment

For akademiskt verksamma ekonomer betraktas Kinas utveckling de senaste
decennierna som ett ovanligt naturligt experiment som erbjuder méjligheten att studera
orsakssamband: om, och i sd fall hur, framvaxten av Kina som varldens fabrik leder

till x, y och z i vastvarlden. For att kunna ge ett rattvisande svar pa hur Kina paverkar
vastvdrlden kravs darfor en sd kallad jamviktsanalys, da alla dessa ekonomiska, sociala
och politiska konsekvenser viags samman till en helhet. Detta ar sa klart extremt svart
att gora och innebar att forskningen i praktiken fokuserar pa att studera ett eller nagra
samband i taget. Analysen som presenteras i den hér rapporten dr ett f6rsok att bidra till
den makroekonomiska forstaelsen av hur den snabbt den vixande insatshandeln med Kina
paverkar tillvixten i arbetsproduktivitet langs industrins produktionskedjor i USA och
ovriga véstvarlden.

Industrin som produktionsprocess, inte som enskild bransch

Med den hér inriktningen riktas fokus inte pa den produktion som sker i den bransch

som i Nationalrdkenskaperna definieras som tillverkningsindustrin, utan pa alla de
produktionssteg som kravs for att slutproducera en industriprodukt. Argumentet for detta
angreppssdtt dr att insatsernas andel av produktionen har 6kat samtidigt som méanga av
insatserna, inte minst de kunskapsintensiva och de importerade, har blivit allt viktigare for
industriproduktionens produktivitetstillvaxt. For att pa ett trovardigt satt kunna kvantifiera
hur handeln med Kina paverkar arbetsmarknaderna i vistvarlden kravs dirmed ett sa
kallat ”vertikalt integrerat” perspektiv, ddr hansyn tas till hur produktiviteten i alla steg i
produktionsprocessen paverkas av handeln.
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Handeln med Kina bar gynnat industriproduktionens arbetsproduktivitet

Med den har utgangspunkten ar analysens huvudresultat att en 6kad anvdndning av
kinesiska insatser inom nidrmare 400 industriella produktionsprocesser i véstvirlden,
under perioden 2000-14, bidrog till en snabbare tillvixt i arbetsproduktiviteten.
Detsamma galler for USA. Detta samband ar ekonomiskt relevant, galler fore och efter
finanskrisen och bekréftas med alternativa modellspecifikationer. Det géller inom nastan
alla lander och i sd gott som samtliga av industrins delbranscher.

Mojliga mekanismer bakom den positiva produktivitetseffekten

I forskningen om Kina identifieras flera teoretiska mekanismer som kan férklara hur
handeln med Kina paverkar produktivitetstillvixten i vdstvarlden positivt. I artikeln testas
tre av dessa mojliga mekanismer. Den férsta handlar om insatshandeln med Kina paverkar
det vertikala forddlingsvardet positivt eller den vertikala sysselsdttningen negativt — eller
béde och? Den andra tar sikte pd om handeln med Kina paverkar industriproduktionens
prisutveckling. Den tredje fokuserar pa om handeln Kina paverkar sammansattningen av
produktionsaktiviteter inom industriproduktionen i vastvirlden och, i sa fall, om detta
bidrar till en snabbare produktivitetstillvaxt.

Den empiriska analysen indikerar att en ¢kad insatshandel med Kina inom de
industriella produktionsprocesserna i vistvarlden leder till en minskad vertikal
sysselsattning mer dn vad handeln leder till ett hogre vertikalt foradlingsvarde. For USA
ar resultatet mer gynnsamt: en mer positiv effekt pa foradlingsvardet och en mindre
negativ effekt pa sysselsdttningen. Nar det géller priserna tycks det som om en 6kad
anvindning av kinesiska insatser leder till en 1dngsammare prisokningstakt. Detta galler
for savil vastvarlden i sin helhet som for USA, samt for olika priser inom industrins
produktionsprocesser: insatspriser, forddlingsvardepriser och bruttoproduktionspriser.
Den hir priseffekten innebdr att det reala féradlingsvérdet, och dirmed produktiviteten,
har 6kat snabbare dn vad som hade varit fallet utan den vixande handeln med Kina.
Slutligen: handeln med Kina tycks bidra till en funktionell specialisering i riktning mot
en 6kad anvidndning av kunskapsintensiva féretagstjanster. Detta forklaras dock av
en 6kad import av sddana insatser, inte av en 6kad anvindning av inhemska insatser.
Industrins produktionskedjor i vastvirlden blir sdledes mer kunskapsintensiva,
men inte nddvindigtvis de inhemska delarna av dem. Det hir 6kade anvandandet
av kunskapsintensiva foretagstjanster tycks i sin tur bidra till en snabbare tillvixt i
arbetsproduktiviteten.

Kina tycks inte vara ett specialfall

Den sista fraga som stdlls i artikeln dr om den kinesiska produktivitetseffekten ar unik eller
om importen av insatser fran andra delar av védrlden ger liknande effekter. Analysen pekar
i tvd riktningar: (1) den positiva produktivitetseffekten av en 6kad import av dsteuropeiska
insatser dr lika signifikant och storre i absoluta tal och att (2) en 6kad anvandning av
vastvarldens insatser leder till en lagre produktivitetstillvixt i vastvarlden. Kina &r

ddrmed inte nagot specialfall, utan det tycks snarare handla om en bredare férankrad
globaliseringseffekt kopplad till tillvixtldnder i vidare bemarkelse.

Avslutning

Den reformperiod som tog sin borjan i Kina slutet av 1970-talet har pa ett fundamentalt
sdtt fordndrat hur virldens industriproduktion organiseras. I termer av vertikal
produktivitet tycks det som om den vaxande insatshandeln med Kina har gynnat
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vastvarldens arbetsproduktivitet och dirmed bidragit till mer gynnsamma férutsattningar
for en snabbare reallonetillvaxt. Forutsatt att detta resultat siger nagot om verkligheten,
utgor det dock endast en av ett flertal ekonomiska, politiska och sociala aspekter som bor
beaktas ndr effekterna av framvéxten av Kina som varldens fabrik diskuteras i vastvarlden.
Hur en jamviktsanalys av det har slaget skulle falla ut later sig knappast goras, men
uppenbart dr att globaliseringen och Kinas roll i den nu diskuteras pa ett mer kritiskt

sdtt an tidigare. Férhoppningsvis kan detta bidra till politiskt nytinkande, men utan att
frihandelns grundldggande virden hotas.

Stockholm, 2022-08-24
DANIEL LIND

Forskningsledare f6r Facken inom industrins produktivitetskommission
daniel.lind@arenagruppen.se
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The China Effect on Manufactur-
ing Productivity in the United

States and Other High-income

Countries

Daniel Lind!

Arenagruppen

Abstract

From a macroeconomic perspective and using input-output techniques, this article inves-
tigates to what extent, and how, the growing use of Chinese intermediates has contributed
to the labour productivity growth within the manufacturing production processes of 22
high-income countries. The main result — based on almost 400 global value chains dur-
ing the period 2000-2014 — is that this productivity effect is significant and economically
relevant. This is also the case for the United States. The effect holds before and after the
financial crisis, is robust to different specifications, and is identified in almost all production
processes. Three mechanisms behind the identified pattern are — tentatively — identified:
reduced employment, reduced prices, and productivity enhancing functional specialization.
However, China is not special: the absolute productivity effect of the growing use of East-
ern European intermediates seems to be even larger. Finally, China and Eastern Europe

are special in relation to the high-income countries: growing intra-trade of intermediates

among the high-income countries is associated with weaker productivity growth.

The welfare effects of trade constitute
a longstanding issue in economics. With
China emerging as the factory of the world,
this question has recently attracted re-

newed attention. A main aspect of this is

how China’s dominating role within global
value chains (GVCs) affects high-income
countries (HICs).? This article contributes
to this literature by addressing the follow-

ing main question: To what extent, and

1 Daniel Lind is a researcher at Arenagruppen, a think tank associated with the Swedish trade union movement.
Lind is responsible for a productivity project financed by the trade unions within the manufacturing sector.
He would like to thank seminar participants at the Department of Economics at Orebro University, Business
Sweden, and the National Board of Economic Research for fruitful discussions and constructive comments.
He is also grateful for statistical advice from Erik Hegelund and Alberto Naranjo. Finally, he is very grateful
for helpful and constructive comments provided by two anonymous referees and the editors of the journal.
Contact details: daniel.lind@arenagruppen.se. Twitter: @DanielLind__

2 See Autor et al. (2013, 2015, 2019, 2020a, 2020b), Dauth, Findeisen, and Suedekum (2014), Acemoglu, Akcigit,
and Kerr (2015), Bloom, Draca, and Van Reenen (2016), Feenstra, Ma, and Xu (2019), Pierce and Schott
(2020), Jaravel and Sager (2020), Amiti et al. (2020), Che et al. (2020) and Bloom et al. (2021).
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how, does the growing use of intermediate
inputs (hereafter referred to as intermedi-
ates) imported from China affect the pro-
ductivity growth in the manufacturing sec-
tor in the United States and other HICs?
The approach is macro-oriented, in the
sense that the units of study are countries
and sectors.

Recent research on the effects of China
on the labour markets in the HICs has
shown that a credible answer to the main
question requires a vertically integrated
perspective.®> This means that the manu-
facturing sector should not be treated as
an isolated unit, but as a chain of ac-
tivities that connect sectors and countries
through the trade in intermediates. There-
fore, the magnitude and character of the
labour market effects of the Chinese trade
shock are determined by the extent to
which this network diffuses the initial ef-
fect to all sectors in the HICs.

This type of vertically integrated anal-
ysis requires the use of input-output (1O)
techniques. Consequently, this article is re-
lated to the renewed macroeconomic inter-
est in 10 linkages. As argued by Acemoglu
and Azar (2020), the association between
IO linkages and productivity is an under-
researched topic that deserves more atten-
tion. Addressing the main question from

a vertically integrated perspective, this ar-

ticle represents an attempt to take some
small steps in this direction.

The productivity measure used in this
article is called vertical labour productiv-
ity and is defined as the ratio between
the value added and employment gener-
ated within the domestic economy in or-
der to produce a manufactured product.
Accordingly, this measure includes all up-
stream /backward activities along the do-
mestic supply chains needed to finalize the
product.?

The article proceeds as follows. The first
section positions the article within the re-
lated literatures and presents further ques-
tions to be answered, while answering the
main question. Next follows a section pre-
senting the main variables, the empirical
approach, and some descriptive statistics.
After this follows a section that discusses
and tests the identification strategy. Next
follows a section containing the empirical
results, wherein three possible explanations
for these results are discussed and empiri-
cally tested. The last section concludes and
briefly discusses some avenues for future re-

search.

Related Literatures

Global value chains and productivity
diffusion
The starting point of this article is the

3 Autor, Dorn, and Hansen (2016), Pierce and Schott (2016), Acemoglu et al. (2016), Feenstra and Sasahara
(2018), and Bloom et al. (2019). Autor and Salomons (2018) and Reijnders, Timmer, and Ye (2021) use the
same argument for the employment effects caused by technical change.

4 With the argument that the emergence of the GVCs requires a new approach, similar productivity measures
have recently been used in Timmer (2017), Gu and Yan (2017), Timmer and Ye (2018, 2020), Pahl and Tim-
mer (2019) and Buckley et al. (2020). However, this approach to productivity analysis is not new. Based
on the domestic economy, it is found in early IO research on the US economy (Leontief 1953; Carter 1970).
It is also a common theme in the evolutionary tradition (Winter and Nelson, 1982; Rosenberg (1982) and in
the post-Keynesian tradition (Pasinetti, 1981, 1993). Other examples of this type of productivity research
are found in Wolff (1994), Dietzenbacher et al. (2000), De Juan and Febrero (2000), and Ten Raa and Wolff

(2000, 2001, 2012).
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emergence and increased complexity of the
GVCs and how China has become a cen-
tral node within the global production net-
work, dominated by the trade in intermedi-
ates.® Using a production process perspec-
tive, with each production stage adding
value to the final product, recent macroe-
conomic GVC research has focused on how
shocks, such as the China shock, are spread
around the world through the trade in in-
termediates.® Within this framework, the
manufacturing firm decides how much and
from where they buy their intermediates.
Optimally, the firm should base its decision
on the vertically integrated labour produc-
tivity adjusted cost-minimization (Antras
and de Gortari, 2020). Empirically, the mi-
croeconomic GVC research shows, among
many other things, that importing firms of-
ten have access to more input varieties and
use higher quality intermediates.

Along similar lines, the trade in interme-
diates is at the centre stage in the recent
research that endogenizes the IO struc-
ture and how it changes over time (Ace-
moglu and Azar, 2020).” When firms cost-
minimize their use of intermediates, new
input combinations will emerge, due to
technical change. If this new combination
leads to price reductions, a small change
in one sector can cause a major change

in the organization of production and af-

This

diffusion aspect of the trade in interme-

fect productivity in many sectors.

diates is also considered in the recent re-
search on shock propagation and how it
may affect the macroeconomic volatility
(Acemoglu et al., 2012, 2015; Acemoglu,
Ozdaglar and Tahbaz-Salehi, 2016; Car-
valho and Tahbaz-Salehi, 2019). This oc-
curs when some sectors are particularly im-
portant as suppliers and when the use of
the intermediate is widespread. The em-
pirical analysis in Acemoglu, Akcigit, and
Kerr (2015), focusing on US IO tables for
1992, shows that productivity shocks prop-
agate downstream, and their conclusion is
that this amplification mechanism is more
important than what is typically presumed
More-

over, the indirect productivity effects, oc-

in the macroeconomic literature.

curring along the supply chains, are quan-
titatively more important than the produc-
tivity effect in the sector that was first hit
by the shock.

The China shock

Naturally, another related literature fo-
cuses on the question: how do imports from
China affect HICs? As mentioned, one in-
sight from this research is that the labour
market effects caused by the China shock
— driven by domestic reforms, trade lib-

eralizations and new ICT uses — cannot

5 For general overviews of the emergence and consequences of the GVCs, see Baldwin (2016, 2017, 2019), Ponte,
Gereffi, and Raj-Reichart (2019), IMF (2019), WTO (2019) and World Bank (2020).

6 Antras and Chor (2021) is a recent survey of this GVC research. On the theoretical side, recent contributions
are Caliendo and Parro (2015), Caliendo, Parro, and Tsyvinski (2017), Antras and Chor (2019) and Antras
and de Gortari (2020). These frameworks have also been used in counterfactual exercises to quantity the
effects of US-China trade tensions (e.g. Caceres, Cerdiero, and Mano, 2019; Ju et al., 2019), productivity
shocks in the US economy when IO linkages are present (Caliendo et al., 2019), effects on the US economy
from the China trade shock (Caliendo et al., 2019; Rodriguez-Clare, Ulate, and Vasquez, 2020) and the effect
of global specialization on the sensitivity for productivity shocks in other countries (Caselli et al., 2020).

7 See also Carvalho and Voigtlander (2015) and Oberfield (2018).



be properly identified by only focusing on
the manufacturing sector itself. This ap-
proach was used in the seminal analysis
of Autor, Dorn, and Hansen (2013), but
the whole manufacturing process, includ-
ing the supply chains, was included in Ace-
moglu et al. (2016). This production pro-
cess perspective can create both positive
and negative employment effects, indicat-
ing that the net effect of the Chinese trade
shock is ambiguous in sign. The empiri-
cal analysis in Acemoglu et al. shows that
the negative employment effect of this fun-
damental change in the global economy is
more than doubled, as compared to the ef-
fect within the manufacturing sector itself.
The authors conclude: “Thus, interindus-
try linkages magnify the employment ef-
fects from trade shocks...” (Acemoglu et
al., 2016:145). Although the level and sign
of this employment effect is still discussed,
the standard approach in the macroeco-
nomic literature on the China shock has
become to apply a vertically integrated per-
spective, in the sense that the 10 structure
is included in the empirical analysis on the
effects of China on the labour markets in
the HICs.®

To the best of my knowledge, no attempt
has been made to study the macroeconomic
effects of China’s intermediate exports on
the productivity within the manufacturing
production processes among the HICs, i.e.
when the productivity among the suppli-
ers are included in the analysis. There are,
however, some related research. From a

microeconomic perspective, Bloom, Draca,

and Van Reenen (2016) investigate the pro-
ductivity aspect of the China shock. Their
main conclusion is that the effect is posi-
tive on firm TFP growth in four European
countries between 1996-2007.
strumental techniques, they find that 30-60
per cent of the TFP growth between 2000-

2007 was accounted for by the imports from

Using in-

China. Bloom et al. (2021) continue along
a similar path, and show that firms in
11 European countries that are more ex-
posed to trade from China increased their
productivity-enhancing efforts more than
other firms between 1995-2005, while also
experiencing a decline in sales. From a
propagation perspective, Acemoglu, Ak-
cigit, and Kerr (2015) use the 10O structure
for the year 1992 to investigate how differ-
ent types of shocks are spread to almost
400 sectors in the US economy and how
they affect value added, employment, and
labour productivity. In terms of a trade
shock from China, labour productivity is
unaffected, since the effects on value added
and employment are both negative and of

a similar magnitude.

Productivity in an 10 setting

From a general 10 perspective, Ace-
moglu and Azar (2020) investigate how
changes in individual cells of the Leontief
inverse affect TFP. They find that “large”
changes — defined as being above the 20th
percentile in terms of changes in the num-
ber of suppliers — in the composition of in-
termediates contribute to faster productiv-
ity growth in the United States. Over the

8 Autor, Dorn, and Hansen (2016:220) express this in the following way: “A full account of the impact of trade
shocks thus requires incorporating input-output linkages between domestic industries.” See also Pierce and
Schott (2016), Bloom, Draca, and Van Reenen (2016), and Feenstra and Sasahara (2018).



period 1987-2007, between 40-60 per cent
of the difference in TFP growth between
sectors can be explained by these changes

9 From a

in the intermediate structure.
GVC perspective, and using vertically in-
tegrated productivity measures, one main
conclusion in Timmer (2017) and Timmer
and Ye (2018, 2020) is that a substantial
part of the TFP growth within the manu-
facturing production process of a group of
HICs since the 1990s is generated outside
the manufacturing sector itself.

Gu and Yan (2017) follow the same ap-
proach. Among a group of HICs during the
period 1995-2007, their main result is that
there is a substantial difference between the
conventional, sectoral-based TFP growth
and the TFP measure that includes the
supply chains. Moreover, due to imported
intermediates produced by industries with
high productivity levels, Canada has ex-
perienced more rapid productivity growth
than EU countries and the United States
from participating in the GVCs. Pahl and
Timmer (2019) define their vertically inte-
grated labour productivity measure as the
ratio between the value added and employ-
ment used to produce an exported man-
ufactured product. Based on 58 countries
and the period 1970-2008, their main result
is that a high level of imported intermedi-
ates correlates with a faster vertical labour
productivity growth. This result does not,
however, seems to hold for the most pro-

ductive countries.

Questions addressed

Based on the aforementioned literatures,
this article investigates the impact of the
China shock on the vertical labour produc-
tivity within the manufacturing production
processes of 22 HICs. The macroeconomic
approach has two main advantages. First,
it gives overall estimates and establishes
the general picture of the productivity ef-
fect among close to 400 GVCs of the HICs.
These aggregate estimates can, in turn,
be broken down into analyses of separate
countries and GVCs. Second, it makes it
possible to fully exploit the vertical dimen-
sion of manufacturing production (Antras
and Chor, 2021), i.e. how firms in differ-
ent sectors and countries interact in order
to finalize a product and how this affects
productivity outcomes.

While trying to give a credible answer to
the main question, and following some of
the paths in the China shock literature, this
article also addresses the following ques-

tions:

1. Is there a China effect on value added

or employment — or both?
2. Is there a China effect on prices?

3. Is there a productivity enhancing
China effect on the allocation of man-
ufacturing activities performed in dif-

ferent countries?

4. In a comparison with Eastern Europe,
are China’s intermediates a special

case?

9 In a non-competitive (bargaining) framework, see Acemoglu et al. (2020) for a further theoretical discussion
on how a TFP shock may affect the affected sector’s suppliers and customers.



Descriptive Statistics and Em-
pirical Model

Data

The source of data in this article is the
World Input-Output Database (WIOD).
This type of database has recently emerged
through the harmonization of national ac-
counts statistics and trade statistics, and
it contains intermediate trade between
countries/sectors. Therefore, this dataset
has become a necessity in current macro-
oriented GVC research (Antras and Chor,
2021).1° The WIOD covers 43 countries,
contains data for the period 2000-2014 and
covers 56 sectors, of which 19 are defined
as manufacturing sub-sectors.!! Following
the argument and method in Timmer et
(2021), the variables used in this ar-

ticle are expressed in constant prices with

al.

base year=2000. Translation into a com-
mon currency (USD) is done by market ex-
change rates.'?> Employment is defined as
the number of persons engaged.

Sectors are classified according to the
ISIC Rev. 4 and the IO tables follow the
2008 version of the System of National Ac-

counts (SNA).'? Each manufacturing sub-
sector in each country, including its do-
mestic supply chain, will be viewed as a
separate GVC (Antras and Chor, 2019;
Pahl and Timmer, 2019). With 22 HICs
and 19 manufacturing sub-sectors in each
country, 418 GVCs, at most, will be in-
cluded in the empirical analysis. The HICs
are EU15 before the 2004 enlargement,
Canada, United States, Switzerland, Nor-

way, Australia, Japan, and South Korea.

Variables

The variables used in this article are
constructed using 10 techniques and the
Leontief inverse matrix.'* By pre- and/or
post-multiplication, this matrix is used
to create variables that include the up-
stream/backward activities needed along
the supply chains to produce a final prod-
uct. Therefore, each GVC represents a
“composite” sector, as if all production
stages were totally vertically integrated.

For each manufacturing production pro-
cess in each country — i.e. for each GVC

— the main variables are the following:'®

10 For this article, one particularly relevant assumption underlying databases such as the WIOD is that China’s
intermediates are produced with the same technology regardless to where they are exported.

11 The values of intermediates and final demand in a WIOT can be viewed as endogenous variables, in the sense
that they are the result of firm-level decisions on how they optimize the production process (Antras and Chor,

2021).

12 The exact procedure for expressing variables in constant prices in a common currency is as follows. First,
the WIOD-researchers use the market exchange rates to convert the national (nominal) values to USD values.
Second, they construct time series in t-1 prices (in constant USD). These two datasets (nominal values and
t-1 values expressed in USD) are officially released on the WIOD homepage. The third step is to covert these
two data sets into time series expressed in constant prices with a base year. This is done in Timmer et al.
(2021) and this is the procedure followed in this article. To do this, the real growth rate for each particular
year (in this case between 2000 and 2001) is equal to In(value in previous year’s prices in 2001 /value in current
prices in 2000). Starting with the year 2000, these real growth rates are, in the next step, used to calculate
the value-added level in constant prices with base year 2000 for each of the years 2001-14.

13 For further details about WIOD, see Dietzenbacher et al. (2013) and Timmer et al. (2015).

14 See Miller and Blair (2009) for the fundamental ideas behind the IO analysis.

15 See Appendix for further details and the construction of the variables.



Vertical labour productivity: the ratio

between the (vertical) value added and
(vertical) employment needed to satisfy fi-
nal demand, including all upstream stages
of the domestic production process.
the gross

Output multiplier: output

needed in the domestic economy in order
to produce one unit of final demand, in-
cluding all upstream stages of the domestic
production process.!

Import multiplier: the use of imported

intermediates per unit of final demand, in-
cluding all upstream stages of the domestic
production process.!”

Import multiplier from China: the use of

imported Chinese intermediates per unit of
final demand, including all upstream stages
of the domestic production process.

the

needed to produce one unit of final de-

Overall multiplier: gross output

mand, irrespective of whether the interme-
diates are domestically or foreign sourced.
This variable, constructed by the author, is
defined as the sum of the output and im-
port multiplier.

Capital multiplier: the domestic use of

the capital stock per unit of final demand,
including all upstream stages of the domes-
tic production process.

Vertical gross output: the gross output

needed to satisfy final demand, including
all upstream stages of the domestic produc-

tion process.

Descriptive statistics

Table 1 summarizes how the main vari-

ables have developed between 2000-2014.
Some conclusions emerge. First, with more
than a five-fold increase in its absolute
level, China’s productivity convergence is
substantial. Second, the import multiplier
has increased over the whole period in both
the HICs and the United States, while it
has decreased in China after the financial
crisis, suggesting a growing self-sufficiency.
With only minor changes in the output
multiplier, the growing import multiplier
in the HICs and the United States implies
that the relative use of imported interme-
diates has grown. Third, the relative use of
Chinese intermediates in the HICs and the
United States has increased substantially.
In absolute terms, the use of Chinese inter-
mediates increased by 420 per cent among
the HICs: from 0.0037 in 2000 to 0.0192
in 2014. In the United States, the increase
was 490 per cent: from 0.0030 to 0.0178.
Following the reduced absolute Chinese im-
port multiplier since the financial crisis,
the Chinese use of imported intermediates
from the HICs and the United States has
been reduced in absolute terms. Finally,
China’s productivity convergence has oc-
curred alongside a considerable decrease in
the capital multiplier, indicating a strong
growth in the capital productivity, i.e. less
capital is needed to produce one unit of fi-

nal demand.

Empirical model
Following much of the recent research

on the China shock, a linear panel model

16 This variable can be seen as the domestic counterpart to the measure of upstreamness in recent GVC research

(Antras and Chor, 2019).

17 This variable is similar to the measures of vertical specialization in the recent GVC research.
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Table 1: Descriptive Statistics

Variable 2000 2008 2014
High-income Countries
Vertical labour productivity level (1000s, USD) 52.8 94.7 104.5
Output multiplier 1.72 1.72 1.68
Import multiplier 0.29 0.32 0.35
Overall multiplier (output + import multiplier) 2.01 2.04 2.03
Import multiplier from China 0.0037 0.0129 0.0192
Import multiplier/Output multiplier 0.17 0.19 0.21
Import multiplier from China/Import multiplier — 0.013 0.040 0.055
Capital multiplier 1.30 1.05 1.12
United States
Vertical labour productivity level (1000s, USD) 70.9 109.3 127.5
Output multiplier 1.80 1.79 1.81
Import multiplier 0.21 0.23 0.24
Overall multiplier (output + import multiplier) 2.02 2.02 2.05
Import multiplier from China 0.0030 0.0109 0.0178
Import multiplier/Output multiplier 0.12 0.13 0.14
Import multiplier from China/Import multiplier — 0.014 0.047 0.074
Capital multiplier 1.17 0.96 0.92
China

Vertical labour productivity level (1000s, USD) 2.7 7.5 15.0
Productivity convergence: HIC (share) 0.05 0.08 0.14
Productivity convergence: US (share) 0.04 0.07 0.12
Output multiplier 2.55 2.62 2.96
Import multiplier 0.15 0.20 0.16
Overall multiplier (output + import multiplier) 2.70 2.82 3.12
Import multiplier from HIC 0.060 0.067 0.056
Import multiplier from US 0.006 0.009 0.006
Import multiplier/Output multiplier 0.059 0.076 0.054
Import multiplier from HIC/Import multiplier 0.40 0.34 0.35
Import multiplier from US/Import multiplier 0.04 0.05 0.04
Capital multiplier 1.54 0.53 0.31

Note:

The estimates for the HICs are unweighted averages among the 22

HICs and 19 manufacturing sub-sectors in each country, including all up-
stream /backward stages of their domestic supply chains (i.e., 418 GVCs). The
variables are measured in constant prices with base year=2000. The multiplier
variables should be interpreted as: a unit change in final demand generates xx
units of the variable in question within the domestic economy, including all up-
stream /backward stages of the domestic supply chains.

with a fixed effect estimator will be used to
empirically analyze the causal effect of the
growth in the use of Chinese intermediates
on the vertical labour productivity growth
within the GVCs of the HICs. Accordingly,
the following equation will be the empirical

backbone of the article:
V LPiji = b1 X1t + BrXn,ije + i +eije (1)

where V' LP;;; is the vertical labour produc-
tivity level in GVC i in country j at time ¢.
(1 is the main coefficient, indicating the av-
erage effect of the change in the use of Chi-

nese intermediates on the change in vertical

productivity. The [ vector contains dif-
ferent coefficients depending on which con-
trol variables are included in the particular
specification, «; is the GVC-specific inter-
cept and controls for the time-invariant dif-
ferences between the GVCs that are not in-
cluded in the regression. g;;; is the “usual”
disturbance, which varies between GVCs

and over time.

Identification
General approach
How can it be made likely that any cor-

relation between the growing use of Chi-



nese intermediates and the vertical labour
productivity growth can be interpreted in
causal terms? In this article, this ever-
existing endogeneity problem is addressed
using China’s vertical labour productivity
as the instrumental variable. The support
for this choice is found in recent research on
the effects of Chinese imports on the HICs.
The argument for the IV strategy used in
this research is that the effect of China —
the China shock — is supply-driven, in the
sense that it is mainly caused by politi-
cal and economic reforms within China.'®
The empirical foundation of this strategy
is centred around China’s strong produc-
tivity growth caused by the reforms (sup-
ported by the data in Table 1).19 This,
in turn, has increased HICs’ intermediate
and final imports from China. More pre-
cisely, to solve the endogeneity problem in
this setting, the instrumental variable has
been the imports from China among HICs
not included in the particular study.?"
Following the same line of reasoning but
using China’s vertical labour productivity
as the instrumental variable has two main
advantages. First, China’s strong produc-
tivity growth represents the core aspect of
the supply-argument. Therefore, the cho-
sen strategy opens up for a strong causal in-
terpretation of China’s effect on the HICs.

Second, the chosen methodology makes it

possible to empirically test the exclusion
21

criterion.
Exclusion criterion

Apart from a strong first-stage corre-
lation, the second criterion for being an
appropriate IV strategy is that the cho-
sen instrumental variable satisfies the ex-
clusion criterion. This criterion is met if it
is reasonable to believe that the use of Chi-
nese intermediates is a main and indepen-
dent channel through which China’s strong
vertical labour productivity growth affects
the vertical labour productivity growth in
the HICs. From a theoretical perspective,
this connection is central in a world of
GVCs, and particularly so when it comes to
China emerging as the factory of the world
(Antras and Chor, 2021). To test the ex-
clusion criterion empirically, however, the
following question is addressed: is there a
positive causal effect from the growth of
HICs’ import multiplier from China on the
vertical labour productivity growth in the
HICs, when controlling for China’s vertical
labour productivity? If this is the case, the
import multiplier from China has an inde-
pendent effect on the productivity growth
in the HICs. Table 2 presents the answer
to this question.

Using the linear panel data model with

the fixed effect estimator presented in equa-

18 After the seminal work by Autor, Dorn, and Hansen (2013), this strategy is often used. Many of the articles

already mentioned use some variety of it.

See also Antras et al.

(2017), Acemoglu and Restrepo (2019),

Constantinescu, Mattoo, and Ruta (2019), Acemoglu and Azar (2020), and Bloom et al. (2021).

19 As an example of this, Antras et al. (2017) model the China shock as a productivity increase in the Chinese

production of intermediates.

20 For example, when studying the China effect on the US economy, imports from China among a number of —

often eight — other HICs are used as the instrument.

21 As will be clear in the main estimations to come, as an instrumental variable China’s vertical labour produc-
tivity generates highly significant first-stage correlations.



Table 2: Test of the Exclusion Criterion

High-income countries

Dependent variable:

Only Chinese

IV. Including the

IV. Including the

IV. Including the

vertical labour productivity productivity use of Chinese in-  use of Chinese in-  use of Chinese in-
termediates termediates, lag 1 termediates, lag 2
China’s vertical labour productivity 0.335%** 0.02 0.067 0.13
(0.049) (0.078) (0.091) (0.098)
HICs’ import multiplier from China 0.334*** 0.394*** 0.394***
(0.065) (0.072) (0.076)
Instrument No Yes Yes Yes
R? - within 0.86 0.93 0.90 0.85
N 268 268 250 232

Note: Linear fixed effect IV estimations (2SLS). Other included regressors are: output multiplier, import multiplier,
and vertical gross output. Vertical gross output is used to control for the actual level of production, or more precisely:
the change in the level of gross output needed to satisfy final demand. All variables except China’s vertical labour
productivity is measured by their unweighted average. Years: 2000-2014. Log values. *** = p<0.001. The variables are
expressed in constant prices with base year=2000. Since China lacks productivity data for the manufacturing sub-sector
Repair and installation of machinery and equipment (C33), robust standard errors in parentheses are adjusted for 18
clusters (manufacturing sub-sectors, including their domestic supply chains). Since China s vertical labour productiv-
ity is a variable on its own in the estimations, and analogously with much of the recent China shock literature, the
instrumental variable is the import multiplier from China among the 21 countries in the WIOD not defined as a HIC.
In the 2SLS estimation without lag, the F-value of the first-stage regression is 1856 and the elasticity of the instru-
mental variable is significant at p<0.001 (the F-value should not be lower than 10-15 in order for the IV strategy to
be appropriate). The results for the United States are similar to those of the HICs, although China’s vertical labour

productivity also seems to have an independent, significant positive elasticity in the 2SLS estimations.

tion (1), and including three regressors —
the output and import multiplier control-
ling for the overall network of intermedi-
ate use, and vertical gross output control-
ling for the actual level of demand — the
first column shows that there is a positive
and significant correlation between China’s
productivity growth and HIC productiv-
ity growth, indicating a process of diffu-
sion. Then, what happens to this corre-
lation when HICs’ import multiplier from
China is included in the estimation? Col-
umn 2 shows two effects. First, the signifi-
cant elasticity of China’s productivity from
the previous estimation disappears. Sec-
ond, the elasticity of the import multiplier
from China turns out to be significant and
economically relevant.

This indicates that there is no causal
link between China’s and HIC productiv-

ity growth when the import multiplier from

China is unchanged. And the other way
around, when China’s productivity is held
constant, there is still a significant positive
effect of HIC use of Chinese intermediates
on HIC productivity growth. Using lags,
the remaining two columns strengthen this
result.?? Therefore, the growing use of Chi-
nese intermediates seems to be necessary
to establish a causal link between China’s
strong productivity growth and HIC pro-
ductivity growth. From my viewpoint,
these estimations thus give credible em-
pirical support for the argument that the
growing use of Chinese intermediates, at
least, represents an independent and main
channel for the productivity diffusion from
China to the HICs. Accordingly, China’s
vertical labour productivity should qual-
ify as an appropriate instrumental variable

within the setting of this article.

22 The fact that the elasticities with lags 1-2 are larger than the elasticity with no lag, indicates the importance
of using lags when analysing the productivity effect of Chinese intermediates.



Table 3: Baseline Estimations for Vertical Labour Productivity

Panel A: High-income Countries

Dependent variable: Wit.hout With IVZ.With . 1V: C].ainese . Iv: Cl.linese
vertical labour productivity Chinese Chinese Chinese intermediates and intermediates and
intermediates  intermediates intermediates the overall multiplier = the capital multiplier
Output multiplier -1.989%*** -1.466%** -0.951%** -0.496*
(0.214) (0.174) (0.203) (0.224)
Import multiplier 0.690*** -0.138 -0.823%** -0.868%**
(0.059) (0.075) (0.088) (0.087)
Import multiplier from China 0.320%** 0.587*** 0.476%** 0.564%**
(0.018) (0.026) (0.016) (0.026)
Overall multiplier -1.769%**
(0.231)
Capital multiplier -0.350%***
(0.077)
Instrument No No Yes Yes Yes
R? - within 0.31 0.61 0.40 0.51 0.46
N 5866 5866 5560 5560 5560
Panel B: United States
Dependent variable: Without With IV: with IV: Chinese IV: Chinese
vertical labour productivity Chinese Chinese Chinese intermediates and intermediates and
intermediate  intermediates  intermediate  the overall multiplier  the capital multiplier
Output multiplier -3.459%** —2.004%** -1.089* -1.041
(0.353) (0.341) (0.553) (0.614)
Import multiplier 0.949%** 0.135 -0.304 -0.303
(0.121) (0.165) (0.209) (0.204)
Import multiplier from China 0.234%*%* 0.376%** 0.334*** 0.372%**
(0.031) (0.061) (0.025) (0.061)
Overall multiplier -1.526%**
(0.338)
Capital multiplier -0.036
(0.105)
Instrument No No Yes Yes Yes
R? - within 0.74 0.85 0.83 0.84 0.83
N 283 283 266 266 266

Note: Linear fixed effect IV estimations (2SLS). Robust standard errors in parentheses, in the HIC estimations (US) adjusted for 408
(GVCs, i.e., countries*manufacturing sub-sectors, including their domestic supply chains) (19) clusters (GVCs, i.e., manufacturing
sub-sectors, including their domestic supply chains) when no instrumental variable is used, and adjusted for 390 (18) clusters in the
IV estimations. The variables are expressed in constant prices with base year=2000. The instrumental variable is China’s vertical
labour productivity. Vertical gross output is used to control for the actual level of production, or more precisely: the change in the
level of gross output needed to satisfy final demand. Years: 2000-2014. Log values. ***p < 0.001,** p < 0.01,* p < 0.05. In column
3, the F-value of the first-stage regression for the HICs (US) is 321 (175), and the instrumental variable is significant at p < 0.001.

Results

Benchmark estimations

To what extent, and how, does the grow-
ing use of Chinese intermediates affect the
vertical labour productivity growth within
the manufacturing production processes of
the United States and other HICs? To
find a credible answer to this main ques-
tion, the first steps are taken in Table 3.
Using the linear panel data model with a
fixed effect estimator, in the first column,
the HICs’/United States’ productivity is —

apart from the control for the business cy-
cle — only regressed against the two vari-
ables that describe the overall network of
intermediate trade: the output and the im-
port multiplier, respectively. The results
for the HICs and the United States are very
similar. When keeping the output multi-
plier (import multiplier) constant, a grow-
ing use of imported (domestic) intermedi-
ates is positively (negatively) and signifi-
cantly correlated with a faster productiv-
ity growth. This estimation thus suggests

that a growing use of imported intermedi-



ates per unit of final demand — the core
aspect of the new global economy domi-
nated by the GVCs — has been reward-
ing in terms of productivity growth.?? On
the other hand, an increased domestic spe-
cialization in terms of intermediate use per
unit of final demand correlates negatively
with the productivity growth, when con-
trolling for the import multiplier.?*

What happens to the import multiplier
when the import multiplier from China is
included in the estimation? Column 2
shows that the positive elasticity of the
import multiplier disappears, both for the
HICs and the United States.

the elasticity of the import multiplier from

Instead,

China becomes positively significant. Con-
sequently, when the import multiplier from
China is held constant, there is no posi-
tive correlation between the growing use of
imported intermediates and a faster pro-
ductivity growth. This is a first indication
that the positive productivity contribution
from the growing use of foreign intermedi-
ates among the HICs seems to be partic-
ularly associated with Chinese intermedi-
ates.

The next question is: what happens to
the elasticities in Column 2 when the IV
strategy is applied? First, Column 3 shows
that the elasticity of the import multi-

plier from China is considerably increased

in both the HICs and the United States,
to 0.587 and 0.376, respectively, indicat-
ing that an appropriate IV strategy is im-
portant when investigating the size of the
causal effect of the China shock on the pro-
ductivity in the HICs.

crease in the use of Chinese intermediates

A 1 per cent in-

per unit on final demand thus, on average,
leads to a 0.587 (0.376) per cent increase in
the growth of the vertical labour produc-
tivity in the HICs (United States).?> Sec-
ond, the elasticity of the import multiplier
turns significantly negative in the HICs,
further emphasizing the role of China in the
vertical specialisation of the global econ-
omy. Third, the explanatory power of this
benchmark results in terms of R? is par-
ticularly large in the United States: more
than 80 per cent of the difference in pro-
ductivity growth between its manufactur-
ing sub-sectors is explained by the esti-
mated model.

However, is the result in Column 3 de-
pendent on how the overall network of in-
Substituting the

output and import multiplier for the over-

termediates is defined?

all multiplier, Column 4 shows that this
somewhat reduces the elasticity of the use
of Chinese intermediates in both the HICs
and the United States, but it is still signif-
icant at p < 0.001. Another obvious con-

cern is possible omitted variables. Follow-

23 For the HICs, the correlation between the output multiplier and the import multiplier is —0.58. Clearly, to
a certain extent the use of domestic intermediates is low when the use of imported intermediates is high —
and vice versa. However, between 2000-2014 the mean value of the overall multiplier spans from 1.19 to 3.31,
indicating substantial differences between the GVCs in the amounts of intermediates used per unit of final

demand.

24 One reason for this somewhat counterintuitive result may be that the yearly changes in the output multiplier
are so small that they do not have the strength to counterbalance other forces around. Also, when lags are

added this negative elasticity disappears. See Table 4.

25 When applying weighted estimations these results are confirmed. This is also the case when another IV strategy
is used, analogously constructed from the recent China shock literature. For further details, see the Appendix.



ing the main question in this article, an im-
portant issue is related to the exclusion of
the capital stock.?6 Therefore, the estima-
tion in the last column includes the capital
multiplier. As can be seen, its elasticity
turns out to be significant in the HICs but
insignificant in the United States. The neg-
ative significance means that in GVCs with
a faster reduction in the capital multiplier
— i.e. when the use of capital per unit of
final demand decreases rapidly — the ver-
tical labour productivity grows even faster.
Hence, a more efficient use of the capital
stock leads, in line with theory, to faster
vertical labour productivity growth. In the
United States, the non-significant elastic-
ity of the capital multiplier suggests that
its vertical labour productivity growth has

been more dependent on TFP growth.?”

Separate time periods and lag struc-
tures

With a vertically integrated perspective
and its focus on the process of diffusion
within and between countries, it is very rea-
sonable to add lags to the analysis.?® There
First, it

reduces the potential problem of reversed

are three main reasons for this.

causality. Second, it is theoretically reason-

able to believe that the productivity effect

of the use of Chinese intermediates is not
instantaneous: that the (strongest) effect
does not necessarily show up in the same
year as the transaction is registered. Fi-
nally, the results presented in Table 2 indi-
cated the existence of such delayed effects.

Therefore, the question to be answered
in this section is: when adding lags to
the main estimation in Column 3 in Ta-
ble 3, how persistent is the productivity ef-
fect of the growing use of Chinese inter-
mediates? But first, is there any differ-
ence in the China effect before and after
the financial crisis? Columns 1-2 in Table
4 give a clear answer: the productivity ef-
fect is positively significant in both periods
in both the HICs and the United States.
For the HICs, the size of the effect is larger
before the financial crisis, while the oppo-
site is the case in the United States. A
common pattern between the two is, how-
ever, that the explanatory power of the es-
timated model is lower after the financial
crisis, indicating that differences in produc-
tivity growth rates between GVCs are less
dependent on the variables included in the
estimation. Moreover, the F-value of the
first-stage regression is considerably lower

after the financial crisis, supporting the im-

26 Furthermore, the distinction between intermediates and the capital stock can be questioned (Jones, 2013).
Both types of “capital” can be viewed as produced factors of production with the same purpose: contributing
productively to the finalisation of a product. The only difference is the time dimension, with the more short-
lived intermediates defined as current consumption (and not as a capital investment). Corrado et al. (2020)
argues that the distinction is particularly difficult to uphold when it comes to knowledge-based capital — a

type of capital especially important for the HICs.

27 When adding lags to the capital multiplier, the elasticity of the HICs is negatively significant with lags 1-2,
while the US elasticity turns weakly negative (p<0.1) with lags 1-3. In this sense, the difference between the
HICs and the United States is reduced when dynamics, in terms of lags, are included. Moreover, the potential
productivity effect of the capital import multiplier from China is not investigated further in this article, neither
is the possibility that some parts of the domestic capital stock in the HICs — e.g. its ICT-related parts —

have been productivity enhancing.

28 See, for example, Autor, Dorn, and Hansen (2013), Acemoglu, Akcigit, and Kerr (2015), Bloom, Draca, and
Van Reenen (2016), Autor, Dorn, and Hansen (2016), Acemoglu and Azar (2020) and Autor et al. (2020a).
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Table 4: Different Time Periods and Lag Structures for Vertical Labour Productivity

Panel A: High-income Countries

Dependent variable: 2000-2008  2009-2014  2000-2014: 2000-2014: 2000-2014: 2000-2014:
vertical labour productivity lag 1 lag 3 lag 4 lag 5
Output multiplier -1.140%** -1.269%** -0.539%* 0.181 0.184 0.388%**
(0.199) (0.205) (0.179) (0.142) (0.127) (0.146)
Import multiplier -0.655%**  _(0.798%** -0.682%** -0.498%*** -0.300%** -0.151%*
(0.093) (0.105) (0.085) (0.069) (0.054) (0.057)
Import multiplier from China  0.562%** 0.381%** 0.542%** 0.394%** 0.283*** 0.213%**
(0.019) (0.045) (0.024) (0.018) (0.015) (0.017)
R? - within 0.55 0.38 0.38 0.31 0.22 0.15
N 3363 2197 5090 4335 3961 3582
Panel B: United States
Dependent variable: 2000-2008  2009-2014  2000-2014: 2000-2014: 2000-2014: 2000-2014:
vertical labour productivity lag 1 lag 3 lag 4 lag 5
Output multiplier -1.038%* -1.526 -0.447 0.640 0.407 0.617*
(0.355) (1.009) (0.579) (0.824) (0.461) (0.269)
Import multiplier -0.024 -0.525 -0.584* -0.674* -0.461%** -0.290
(0.136) (0.505) (0.251) (0.298) (0.165) (0.154)
Import multiplier from China  0.283%** 0.523%* 0.436%** 0.418%** 0.344%** 0.296%**
(0.046) (0.185) (0.072) (0.076) (0.042) (0.044)
R? - within 0.81 0.41 0.77 0.61 0.60 0.61
N 159 107 246 211 193 175

Note: Linear fixed effect IV estimations (2SLS). Robust standard errors in parentheses, adjusted for clusters: 390
clusters for the HICs (GVCs, i.e., countries*manufacturing sub-sectors, including their domestic supply chains) and
18 clusters for the US (GVCs, i.e., manufacturing sub-sectors, including their domestic supply chains) when no lags
are used. Vertical gross output is included to control for the actual level of production. The variables are expressed
in constant prices with base year=2000. The instrumental variable is China’s vertical labour productivity. Log
values. ***p < 0.001,** p < 0.01,* p < 0.05. For 2000-2008, the F-value of the first-stage regression of the HICs (US)
is 411 (258), and the elasticity of the instrumental variable is significant at p < 0.001. For 2009-2014, the F-value
of the first-stage regression of the HICs is 258 (79), and the elasticity of the instrumental variable is significant at

p < 0.001.

pression that the included variables and
the IV strategy performs better for the pe-
riod considered to be the peak years of the
China shock — from China’s WTO mem-
bership in 2001 until the financial crisis.
The question about the persistence of
the Chinese productivity effect is addressed
in the last four columns of Table 4. Three
conclusions emerge. First and foremost,
adding lags indicates a clear persistence:
with a five years lag, the effect is still sig-
nificant at p < 0.001 and its size is eco-
nomically relevant (0.213 and 0.296). A 1

per cent increase in the use of Chinese in-
termediates five years ago, thus leads to a
faster productivity growth with more than
0.2 per cent today.?? Second, when adding
lags, the difference in the size of the effect
between the HICs and the United States
is turned around, indicating that the lag
structure is relatively more important in
the latter. Third, when adding lags, the
United States’ import multiplier also turns
significantly negative. This increases the
similarity with the aggregate HICs, further

emphasizing the role of Chinese intermedi-

29 To further investigate this longer-term effect, the fixed effect estimator is used to estimate the elasticities
between two time periods, e.g. between the year 2000 and the year 2014, and between the average of the years
2000/2001 and the average of the years 2013/2014, respectively. This exercise, found in the Appendix, supports
the existence of such positive longer-term productivity effects from the growing use of Chinese intermediates.
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Table 5: Estimate for Separate Manufacturing Sub-sectors for Vertical Labour Productivity

High-income Countries

Dependent variable: Import Import R? - fg—value N
vertical labour productivity multiplier — multiplier from China  withi ° rst—s.tage
regression

Food Neg sign 0.893*** 0.04 30 328
Textile and clothing Neg sign 0.600%** 0.56 74 305
Wood Not sign 0.516%** 0.57 64 279
Paper Not sign 0.686*** 0.55 58 297
Printing and recorded media Neg sign 0.491*** 0.41 45 308
Coke and refined petroleum Neg sign 2.232* . 14 270
Chemicals Neg sign 0.858** 0.41 98 299
Pharmaceuticals Neg sign 0.806* . 82 320
Rubber and plastic Neg sign 0.673*** 0.69 60 303
Other non-metallic products Not sign 0.518%*** 0.39 36 294
Basic metals Neg sign 0.566%** 0.30 15 294
Fabricated metals, except machinery and equipment  Neg sign 0.568%** 0.64 51 322
Computers and electronics Neg sign 0.339*** 0.78 188 313
Electrical equipment Neg sign 0.500%** 0.78 102 327
Machinery and equipment, n.e.c. Neg sign 0.481%** 0.83 174 327
Motor vehicles Neg sign 0.416%** 0.76 159 323
Other transport equipment Neg sign 0.422%** 0.50 156 309
Furniture Neg sign 0.645%** 0.42 65 322
Repair and installation of machinery and equipment No obs No obs No obs No obs No obs

Note: Linear fixed effect IV estimations (2SLS). Other included regressors are: output multiplier and vertical gross output. For
each of the manufacturing sub-sector, the domestic supply chain is included in the variables. Robust standard errors, adjusted for
22 clusters (countries). The variables are expressed in constant prices with base year=2000. Elasticities are presented in column
2. Neg sign=negatively significant at least at p<0.05. The instrumental variable is China’s vertical labour productivity. Years:

2000-2014. Log values. ***p < 0.001,** p < 0.01,* p < 0.05.

ates in the vertical specialization of the US

econoumny.

Separate manufacturing sub-sectors

In terms of separate manufacturing sub-
sectors and their production processes, how
widespread is the productivity effect of
the growing use of Chinese intermediates?
Without enough data for the United States,
this question is answered focusing on the
HICs. Continuing to use equation (1) and
the fixed effect estimator, Table 5 gives a
But first,

the first column shows that no manufactur-

clear answer to this question.

ing sub-sector, including its domestic sup-
ply chain, has a significant positive elas-
ticity of the import multiplier, when con-

trolling for the intermediate imports from

China. On the contrary, the elasticity of
the import multiplier is significantly nega-
tive in 15 out of 18 sub-sectors. Once again,
this emphasizes the importance of separat-
ing out China when analyzing the produc-
tivity effects of the general increase in the
use of imported intermediates within the
manufacturing production processes of the
HICs.

When it comes to the import multiplier
from China, Column 2 shows that its elas-
ticity is positively significant at least at
p < 0.05 in all 18 manufacturing sub-
sectors, although the results for coke and
refined petroleum and pharmaceuticals, re-
spectively, look less robust.?® At the bot-
tom of the table, there are five sub-sectors

in which the fixed effect estimator seems to

30 When using a linear panel model with instruments and applying the fixed effect estimator, an unspecified R?

value is, however, not necessarily a problem.
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generate extra robust results: with large F-
values, highly significant elasticities, and a
high level of explanatory power.
Mechanisms: Three Possible
Explanations

Several theoretical mechanisms can be
used to explain the seemingly positive
causal effect on vertical labour productiv-
ity growth in the HICs of the growing use of
Chinese intermediates. Without any claim
of being exhaustive, this section tries to
shed some preliminary empirical light on
three possible mechanisms put forward in

recent China shock research.

Value added or employment?

The welfare consequences of the Chinese
productivity effect depend on the chan-
nels by which the intermediates affect the
productivity growth in the HICs. There-
fore, and along the lines of Acemoglu, Ak-
cigit, and Kerr (2015) and their argument
for more research on the interplay between
value added and employment in an IO set-
ting: is the Chinese productivity effect ex-
plained by a positive effect on vertical value
added or a negative effect on vertical em-
ployment — or both?3! Using the same
econometric approach as before, the results
in Table 6 indicate that the main channel
in the HICs is reduced employment: no
matter the length of the lag, a growing use
of Chinese intermediates seems to lead to
a significant and economically relevant de-

crease in vertical employment. In terms of

value added, there is a weak tendency of
a positive, more instantaneous effect; but
with longer lags, this effect seems to be re-
versed, indicating a double effect: reduced
employment and reduced value added. For
the United States, the result looks less
bleak, with a positive longer-run effect on
value added and no longer-run negative ef-
fect on employment. If these patterns are
in accordance with reality, it would be in-
teresting to understand what might explain
the difference between the HICs and the
United States.

Reduced prices

Within a neoclassical framework, prices
are the main channel through which pro-
ductivity effects are propagated in the pro-
duction system (Acemoglu et al. 2021).
Despite that, Jaravel and Sager (2020) ar-
gues that there are knowledge gaps about
the effect of the China shock on the prices
in the HICs. Their starting point is that
the strong Chinese productivity growth is
likely to lead to reduced Chinese prices,
which in turn, through strategic price-
setting, will lead to reduced producer prices
(and consumer prices) in the HICs. Based
on US data, they show that the growing im-
ports from China, between 1991 and 2007,
led to reduced domestic prices and there-
fore to large consumer surpluses.®? In line
with this, and focusing on US manufactur-
ing price indices, Amiti et al. (2020) shows
that China’s entry to WTO in 2001 led to
reduced prices; between 2000 and 2006 the

31 The same interplay has also recently been used when studying the effects on labour productivity of a growing
use of robots within (US) sectors (Acemoglu and Restrepo, 2020).

32 Jaravel and Sager (2020) estimate that the consumer surplus is large enough to compensate each of the
displaced US job caused by the China shock by around dollar $400000.
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Table 6: The China Shock on Value Added and Employment

Panel A: High-income Countries

Dependent variable: vertical value added No lag Lag 1 Lag 3 Lag 5 Lag 7
Import multiplier from China 0.008 0.117** 0.062 -0.100 -0.138%*
(0.006) (0.037) (0.061) (0.066) (0.061)
R? — within 0.99 0.34 0.05 0.02 0.03
N 5560 5090 4335 3582 2870
Dependent variable: vertical employment
Import multiplier from China -0.579%FFF  _0.425%FF  _(.332%F*  _(.313%F*  _(.259%**
(0.026) (0.036) (0.058) (0.057) (0.055)
R? — within 0.83 0.29 0.06 0.06 0.07
N 5560 5090 4335 3582 2870
Panel B: United States
Dependent variable: vertical value added No lag Lag 1 Lag 3 Lag 5 Lag 7
Import multiplier from China -0.004 0.19 0.502%* 0.313%* 0.164*
(0.006) (0.121) (0.187) (0.097) (0.076)
R? — within 0.99 0.35 . 0.04 0.09
N 266 246 211 175 140
Dependent variable: vertical employment
Import multiplier from China -0.380%** -0.245% 0.084 0.017 -0.002
(0.065) (0.111) (0.158) (0.083) (0.074)
R? — within 0.92 0.44 0.04 0.16 0.2
N 266 246 211 175 140

Note: Linear fixed effect IV estimations (2SLS). Vertical value added is defined as the value added needed in
the domestic economy in order to satisfy final demand, including all upstream/backward stages of the domes-
tic production process. Vertical value employment is defined analogously. See Appendix for further details.
Other included regressors are: output multiplier, import multiplier and vertical gross output. Elasticities
and standard errors are shown in the table. Robust standard errors, adjusted for clusters: with no lag, the
number of clusters is 390 (GVCs, i.e. countries*manufacturing sub-sectors, including their domestic supply
chains) for the HICs and 18 (GVCs, i.e. manufacturing sub-sectors, including their domestic supply chains)
for the US. The variables are expressed in constant prices with base year=2000. The instrumental variable
is China’s vertical labour productivity. Years: 2000-2014. Log values. ***p < 0.001,** p < 0.01,* p < 0.05.
In the estimations with no lag, the F-value of the first-stage regression of the HICs (US) is 390 (175), and

the instrumental variable is significant at p < 0.001.

China shock reduced manufacturing price
indices by 7.6 per cent.

Along similar lines, the question ad-
dressed in this section is: does the grow-
ing use of Chinese intermediates affect the
prices within the manufacturing produc-
tion processes? The answer is found in Ta-
ble 7. Clearly, all three deflators point in
the same direction: a growing use of Chi-
nese intermediates seems to lead to slower
price increases. With the importance of in-
cluding lags (Jaravel and Sager, 2020), this
result seems to become more robust when
such delayed effects are estimated: the size
of the price effect increases with time. Al-
though somewhat less robust, this effect

seems to be larger in the United States than
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in the HICs. Within the setting of this ar-
ticle, the price effect of the China shock
means that the level of real vertical value
added would have been lower without the
growing intermediate trade with China —
and, hence, has contributed positively to

the Chinese productivity effect.

Functional specialization

The growing importance of intermedi-
ates has led to new approaches to mea-
sure and understand specialization within
and between countries (Pahl and Timmer,
2019). In order to trace where the value
added embedded in a manufactured prod-
uct is generated, one aspect of this is the

movement of measurement from gross trade



Table 7: The China Shock Effect on Prices

Panel A: High-income Countries

Dependent variables: vertical price indices No lag Lag 1 Lag 3 Lag 5 Lag 7
Gross output price index: imp.multi from China  -0.011**  -0.022¥**  _0.028*%**  _0.033***  -0.036***
(0.003) (0.004) (0.025) (0.005) (0.004)
Value added price index: imp.multi from China -0.009**%  -0.020%**  -0.026***  -0.031***  -0.035%**
(0.003) (0.004) (0.004) (0.005)  (0.005)
Intermediate price index: imp.multi from China ~ -0.013%**  -0.024***  -0.030%**  -0.034***  -0.036***
(0.003) (0.004) (0.004) (0.005) (0.004)
Panel B: United States
Dependent variables: vertical price indices No lag Lag 1 Lag 3 Lag 5 Lag 7
Gross output price index: imp.multi from China  -0.053** -0.082%** -0.073** -0.031 -0.046%*
(0.018) (0.025) (0.024) (0.025) (0.018)
Value added price index: imp.multi from China -0.048** -0.075%* -0.070** -0.029 -0.044*
(0.016) (0.023) (0.024) (0.024)  (0.018)
Intermediate price index: imp.multi from China  -0.060** -0.090** -0.077%* -0.034 -0.048**
(0.021) (0.029) (0.026) (0.025) (0.018)

Note: Linear fixed effect IV estimations (2SLS). The vertical gross output price index is defined as the sec-
toral gross output indexes weighted by Leontief’s inverse: diagonal (go index) * Leontief’s inverse. Hence, in
this matrix, the column sum of manufacturing sub-sector ¢ in country j is sector i’s vertical gross output price
index. The vertical value added price index and the vertical intermediate input price index are constructed anal-
ogously. Other included regressors are: output multiplier, import multiplier, and vertical gross output. The
variables are expressed in constant prices with base year=2000. The table presents the elasticities and robust
standard errors, adjusted for clusters: 390 (countriesxmanufacturing sub-sectors, including their domestic supply
chains) in the HICs and 18 in the US (manufacturing sub-sectors, including their domestic supply chains) when no
lags are used. The instrumental variable is China s vertical labour productivity. Years: 2000-2014. Log values.
* =p < 0.05**=p < 0.01,** = p < 0.001. For the HICs (US), the F-value of the first-stage regressions is 259

(206) when no lags are used. The R? value ranges from 0.70 to 0.84 when no lags are used.

flows to net (value added) trade flows. An-
other aspect is related to the allocation
of production activities between countries
needed to finalize a manufactured prod-
uct. With China emerging as the factory
of the world, the HICs seem to have be-
come less specialized in fabrication activ-
ities and more specialized in knowledge-
intensive parts of the manufacturing pro-
duction process, such as R&D, marketing,
and management (Timmer et al. 2019).
This process of functional specialization
is supported within the framework of this
article. As can be seen from Table 8,
a growing use of Chinese intermediates
seems to have led to a growing relative
use of knowledge-intensive business ser-

vices (KIBS) intermediates:>* the overall

use of KIBS intermediates per unit of final
demand increases when the use of Chinese
The size of this
effect is considerably larger in the United
States than in the HICs, although the level

of significance is similar. The estimations

intermediates increases.

on the domestic and imported use of KIBS
intermediates — also presented in the ta-
ble — respectively shows that this func-
tional specialization is mainly explained by
a growing use of imported of KIBS inter-
mediates. In the HICs, the China effect on
the domestic use of KIBS intermediates is
negative, while it seems to be a more or less
instantaneous positive effect in the United
States, which disappears when longer lags
are used. The overall messages from this

exercise should then be that:

33 The KIBS sectors are: M69-70: legal and accounting activities, head offices; M71: architectural and engineer-
ing activities; M72: scientific research; M73: advertising and market research; M74-75: other professional,

scientific, and technical activities.
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Table 8: The Effect of the China Shock on Functional Specialization

Panel A: High-income Countries

Dependent variable: overall multiplier: KIBS No lag Lag 1 Lag 3 Lag 5

Import multiplier from China 0.219%**  Q.177%** 0.139** 0.103*
(0.048) (0.047) (0.043) (0.049)

Dependent variable: domestic multiplier: KIBS

Import multiplier from China -0.035 -0.047* -0.094%*%*  _0.136***
(0.021) (0.022) (0.022) (0.026)

Dependent variable: import multiplier: KIBS

Import multiplier from China 0.242%**  (0.224%**  (.233%** 0.239%**
(0.035) (0.035) (0.033) (0.034)

Panel B: United States

Dependent variable: overall multiplier: KIBS No lag Lag 1 Lag 3 Lag 5

Import multiplier from China 1.412%%%  1.125%**%  0.900** 0.745%*
(0.158) (0.176) (0.265) (0.217)

Dependent variable: domestic multiplier: KIBS

Import multiplier from China 0.275%*%*  (0.244%* 0.189 0.159
(0.067) (0.083) (0.102) (0.087)

Dependent variable: import multiplier: KIBS

Import multiplier from China 1.052%**  (0.881***  (.712%**  (.586***
(0.109) (0.113) (0.169) (0.139)

Note: Linear fixed effect IV estimations (2SLS). The variable overall multiplier: KIBS is defined
as the total use of KIBS intermediates per unit final demand, including all upstream/backward
production stages, irrespective if they are domestically or foreign sourced. The other two KIBS
multiplier variables are defined analogously, but only measuring the domestic or the foreign use
of KIBS intermediates per unit of final demand, respectively. Other included regressors are: out-
put multiplier, import multiplier, and vertical gross output. The variables are expressed in con-
stant prices with base year=2000. The table presents the elasticities and standard errors of the
import multiplier from China. The instrumental variable is China’s vertical labour productiv-
ity. Robust standard errors, adjusted for clusters: 390 (countriessmanufacturing sub-sectors, in-
cluding their domestic supply chains) in the HICs and 18 in the US (manufacturing sub-sectors,
including their domestic supply chains) when no lags are used. Years: 2000-2014. Log values.
*=p <0.05,** =p < 0.01,** = p < 0.001. In the six estimations without lags, the lowest F-value

of the first-stage regression is 175.

1. the China effect on the functional spe-
cialization towards the KIBS part of
the manufacturing production process
seems to be more pronounced in the
United States than in the HICs, and;

2. this functional specialization points in
the direction of more KIBS intensive
production processes, but not nec-
essarily within the domestic produc-
tion stages of the HICs (including the
United States).

Has this functional specialization had
any effect on the vertical labour produc-
tivity growth? Table 9 might indicate that
this is the case. Both from a cross-sectional
perspective and when focusing on changes
over time (i.e. the fixed effect estima-
tor), the table indicates that the overall
use of KIBS intermediates — both domes-
tically and foreign sourced — is positively
correlated to vertical labour productivity.

Adding lags to the fixed effect estimator,

34 When the import multiplier from China is included in these estimations, the size and significance of the elas-
ticities presented in this table is, however, reduced. This might indicate that the productivity effect of the
overall KIBS use is, at least partly, dependent on the imports of KIBS intermediates from China.
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Table 9: Knowledge-intensive Business Services and Productivity and Vertical Labour
Productivity

High-income Countries and United States

Dependent variable: vertical labour productivity OLS FE-nolag FE-lagl FE-lag3 FE-lagh

HIC: Overall multiplier: KIBS 0.041%** 0.111%** 0.126%** 0.159%** 0.106**
(0.006) (0.024) (0.027) (0.024) (0.034)

US: Overall multiplier: KIBS 0.145%** 0.165%** 0.190*** 0.209%** 0.171%%*
(0.04) (0.024) (0.031) (0.030) (0.026)

Note: OLS and linear fixed effect (FE) estimations. Other included regressors are: output multiplier, import
multiplier, and vertical gross output. The variables are expressed in constant prices with base year=2000. The
table presents elasticities and robust standard errors of the variable Overall multiplier: KIBS, adjusted for
clusters: 408 (countries*manufacturing sub-sectors, including their domestic supply chains) in the HICs and 18
in the US (manufacturing sub-sectors, including their domestic supply chains) when no lags are used. Years:
2000-2014. In the fixed effect estimation without lag, the R? value amounts to 0.33 for the HICs and to 0.82 for
the US. Years: 2000-2014. Log values. * = p < 0.05,** = p < 0.01,*** = p < 0.001.

this effect seems to be rather persistent and

t.34 In all five estima-

economically relevan
tions, the size of the correlation is larger
in the United States than in the HICs.
Finally, when the import multiplier from
China is included in these estimations (not
shown in the table), the size and signifi-
cance of the elasticities presented Table 9
is reduced. This indicates that the produc-
tivity effect of the overall KIBS use is, at
least partly, caused by the imports of KIBS

intermediates from China.

Is China special?: A comparison with
Eastern Europe

If the results presented in this article
have anything to say about the operation
of real world economies, then one obvious
question is: are China’s intermediates a
special case? Following Bloom, Draca, and
Van Reenen (2016) among others, the last
empirical analysis of this article therefore
tries to give an answer to this question. In
so doing, the causal effect on the vertical
labour productivity growth of the growing
use of Chinese intermediates is compared to

the productivity effect of the intermediate

imports from two country groups: (1) East-
ern Europe and (2) the HICs themselves.?®
With this purpose, another identification
strategy has to be used. The reason for this
is that China’s vertical labour productiv-
ity is not the most appropriate instrumen-
tal variable for the exports of intermediates
from these two country groups. From the
reasoning in the section on identification,
and analogously following the often-used
strategy in the China shock literature, the
imports of Chinese intermediates among
the 21 non-HIC-countries in the WIOD will
be used as the instrumental variable.
Continuing the use of equation (1), Ta-
ble 10 gives some conclusions. First, with
high F-values, the new identification strat-
egy generates satisfying first-stage regres-
sions, and very much so for the effects of
China’s and Eastern Europe’s intermedi-
When it
comes to the comparison of the produc-
tivity effects in the HICs between China
and Eastern Europe, the table shows that

ates on the HICs, respectively.

the pattern is very much the same: a sig-
nificantly negative import multiplier and

a positive and significant import multi-

35 For the HICs (US), the average import multiplier from Eastern Europe amounted to 0.042 (0.0006) in 2000
and to 0.049 (0.0014) in 2014. The corresponding figures for the import multiplier from the HICs are 0.216

(0.071) and 0.221 (0.073).
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Table 10: China Compared with Eastern Europe

Panel A: High-inc

ome Countries

Dependent variable: vertical labour productivity No lag Lag 1
Import multiplier: estimation China -0.606%**  _0.561***
Import multiplier: estimation Eastern Europe -1.053%**  _1.022%**
Import multiplier: estimation HIC 3.368***  3.185***
Import multiplier from China 0.500%** 0.490%**
Import multiplier from Eastern Europe 0.849%** 0.838***
Import multiplier from HIC -6.051*** 5 742%**
R? — within: China 0.52 0.46
R? — within: Eastern Europe 0.18 0.10
R? — within: HIC . ..
F-value of first-stage regression: China 709 614
F-value of first-stage regression: Eastern Europe 449 343
F-value of first-stage regression: HIC 48 51
N 5866 5377
Panel B: United States
Dependent variable: vertical labour productivity No lag Lag 1
Import multiplier: estimation China 0.011 -0.096
Import multiplier: estimation Eastern Europe 0.138 0.067
Import multiplier: estimation HIC 1.206*** 1.089**
Import multiplier from China 0.270%** 0.285%**
Import multiplier from Eastern Europe 0.512%** 0.527%%*
Import multiplier from HIC -1.241%F%  _1.207F**
R? — within: China 0.84 0.81
R? — within: Eastern Europe 0.72 0.67
R? — within: HIC 0.64 0.67
F-value of first-stage regression: China 555 506
F-value of first-stage regression: Eastern Europe 78 77
F-value of first-stage regression: HIC 37 31
N 283 262

Note: Linear fixed effect IV estimations (2SLS). Other included regressors

are: output multiplier and vertical gross
in constant prices with base year=2000.

output. The variables are measured
Robust standard errors, adjusted for

412 clusters (GVCs, i.e. countries*manufacturing sub-sectors, including their
domestic supply chains) in the HIC estimations and for 19 clusters (manufac-
turing sub-sectors, including their domestic supply chains) in the estimations
on the United States. The instrumental variable is the imports of Chinese
intermediates among the 21 non-HIC-countries in the WIOD. Years: 2001-

2014. Log values. ***p < 0.001,** p < 0.

01,* p < 0.05. The import multiplier

from Eastern Europe measures the use of Eastern European intermediates per
unit of final demand, including all upstream stages of the domestic production

process. The import multiplier from the

plier from China/Eastern Europe. How-
ever, with larger elasticities for Eastern
Europe’s intermediates in both the HICs
and the United States, the average abso-
lute productivity effect seems to be more
pronounced than the China effect. In this
respect: China does not seem to be special.

On the other hand, China and Eastern
Europe seem to be special in relation to the
productivity effect of the use of interme-
diates imported from the HICs (i.e. their
intra-trade of intermediates). The differ-

ence is striking. Not the least, after con-
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HICs is constructed analogously.

trolling for the import multiplier from the
HICs, the import multiplier becomes pos-
itively significant and very large in abso-
lute terms. Hence, when the import multi-
plier from the HICs is unchanged, a grow-
ing use of imported intermediates leads
to much faster productivity growth. This
gives a clear indication that the HICs’ im-
ports of intermediates from each other hold
back the positive productivity effect of the
growing use of imported intermediates, or
the trend towards vertical specialization in

the global economy. This is also shown



by the elasticity of the import multiplier
from the HICs. In both the HICs and
the United States, this elasticity is nega-
tively significant and large, indicating that
an increase in the use of HICs intermedi-
ates — when the overall level of imported
intermediates is unchanged — reduces the
vertical labour productivity growth within
the manufacturing production processes

among the HICs in a substantial way.

Final Discussion

Main results
This article contributes to the literature
on the China shock by investigating, for the
first time, the labour productivity effect of
the growing use of Chinese intermediates
within almost 400 manufacturing produc-
tion processes among 22 HICs. Including
all stages of the production process — an
approach that has lately received renewed
attention in several literatures — the main
results are the following.
1. Since the Millennium, the growing use
of Chinese intermediates has led to
a faster vertical labour productivity
growth in the HICs and the United
States;

2. This is the case both before and after

the financial crisis;

3. The effect is identified in all —
or almost all — manufacturing sub-

sectors;

4. The effect passes several robustness
tests: different definitions of the over-
all network of intermediate trade, in-
clusion of the capital stock, inclusion
of lags, weighted estimations, and an

alternative IV strategy;

5. China is not special: the productiv-
ity effect of the growing use of East-
ern European intermediates is equally

significant and larger in size;

6. A growing intra-trade of intermedi-
ates among the HICs have been detri-

mental to their productivity growth.

Suggested mechanisms

Among several possible mechanisms, the
main reasons why a growing intermediate
trade with China seems to lead to a faster
productivity growth are unclear (Bloom,
Draca, and Van Reenen 2016). This article
has tentatively tried to shed light on three
of the mechanisms discussed in the China
shock literature: value added or employ-
ment, reduced producer prices, and func-
tional specialization. The results point in
the direction that reduced employment —
in comparison to value added — is the most
important channel behind the positive pro-
ductivity effect; the growing use of Chinese
intermediates reduces producer prices; and
the China shock has led to a productiv-
ity enhancing functional specialization to-
wards the use of knowledge-intensive busi-
ness services intermediates. These mech-
anisms fit into more general arguments
based on increased specialization, intensi-
fied global competition, new input combi-

nations, and higher quality intermediates.

Future research

This article has only scratched the sur-
face of what is possible within the cho-
sen framework. Continuing with analyses
of vertical productivity, some interesting

questions are:

1. What would the productivity effect be

when investigating the China effect on
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all countries in the world?

2. How would the results based on a ver-
tically integrated TFP measure com-
pare to the results based on the ver-

tical labour productivity measure?

3. Are there any intermediates imported
from China that contribute more than
others to the productivity growth in
the HICs?

4. What about the productivity effect
from China’s exports of the capital

goods included in the capital stock?

5. Is there any relation between the
HICs’ exports of intermediates to
China and their vertical productivity

growth?

6. In terms of value added, employment,
and vertical productivity, does the
China effect differ between different
parts of the manufacturing produc-

tion process in the HICs?

7. In terms of competitiveness, does a
growing use of Chinese intermediates
lead to improved relative productivity
among the HICs?

8. In terms of the value added needed
to produce the world demand for a
manufactured product, does a grow-
ing use of Chinese intermediates lead

to a larger share of the world market?

Final remark

The emergence of China as the fac-
tory of the world represents a rare op-
portunity to identify causal effects on the

level of the global economy (Autor, Dorn,
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and Hansen, 2016). Considered as a nat-
ural experiment, the reforms in China ini-
tiated in the late 1970s have, through in-
creased domestic productivity, led to a re-
markable increase in the demand for Chi-
nese intermediates among the HICs. This
fundamental reorganization of manufactur-
ing production seems, in turn, to have con-
tributed to faster vertical labour produc-
tivity growth in the HICs — and, hence,
to improved fundamentals for faster real
wage growth. Having said that, this result
by no means represents the general equi-
librium effect on the labour market, but
it may make one dimension of the puzzle
somewhat more illuminated. And that is

good enough.

References

Acemoglu, D., U. Akcigit and W. Kerr (2015)
“Networks and the Macroeconomy: An Empir-
ical Exploration,” NBER Macroeconomics An-
nual, Vol. 30, pp. 273-335.

Acemoglu, D., D. Autor, D. Dorn, G.H. Hanson
and B. Price (2016) “Import Competition and
the Great US Employment Sag of the 2000s,”
Journal of Labor Economics, Vol. 34, No. 1,
Part 2, pp. 141-98.

Acemoglu, D. and P.D. Azar (2020) “Endogenous
Production Networks,” Econometrica, Vol. 88,
No. 2, pp. 33-82.

Acemoglu, D., V.M. Carvalho, A. Ozdaglar and
A. Tahbaz-Salehi (2012) “The Network Origins
of Aggregate Fluctuations,” Fconometrica, Vol.
80, No. 5, pp. 1977-2016.

Acemoglu, D.; A. Ozdaglar and A. Tahbaz-Salehi
(2016) “Networks, Shocks, and Systemic Risk,”
The Ozford Handbook of the Economics of Net-
works, edited by Yann Bramoullé, Andrea Ga-
leotti and Brian Rogers, pp. 1-39 (Oxford: Ox-
ford University Press).

Acemoglu, D. and P. Restrepo (2019) “Automa-
tion and New Tasks: How Technology Displaces
and Reinstates Labour,” Journal of Economic
Perspectives, Vol. 33, No. 2, pp. 3-30.

Amiti, M., M. Dai, R.C. Feenstra and J. Roma-
lis (2020) “How Did China’s WTO Entry Af-
fect U.S. Prices?,” Journal of International Eco-
nomics, Vol. 126, September.



Antras, P. and D. Chor (2019) “On the Measure-
ment of Upstreamness and Downstreamness in
Global Value Chains,” World Trade Evolution:
Growth, Productivity and Employment, edited
by L.Y. Ing and M. Yu, pp. 126-94 (Routledge).

Antras, P. and D. Chor (2021) “Global Value
Chains,” Manuscript, March. An abridged ver-
sion of this paper is to be published as a chapter
in the 5th edition of the Handbook of Interna-
tional Economics.

Antras, P. and A. de Gortari (2020) “On the Geog-
raphy of Global Value Chains,” Econometrica,
Vol. 88, No. 4, pp. 1553-98.

Antras, P., T.C. Fort and F. Tintelnot (2017) "The
Margins of Global Sourcing: Theory and Evi-
dence from US Firms,” American Economic Re-
view, Vol. 107, No. 9, pp. 2514-64.

Autor, D., D. Dorn and G.H. Hanson (2013) “The
China Syndrome: Local Labour Market Effects
of Import Competition in the United States,”
American Economic Review, Vol. 103, No. 6,
pp. 2121-68.

Autor, D., D. Dorn and G.H. Hanson (2015) “Un-
tangling Trade and Technology: Evidence from
Local Labour Markets,” Economic Journal, Vol.
125, May, pp. 621-46.

Autor, D., D. Dorn and G.H. Hanson (2016) “The
China Shock: Learning from Labor-Market Ad-
justment to Large Changes in Trade,” Annual
Review of Economics, Vol. 8, pp. 205-240.

Autor, D., D. Dorn and G.H. Hanson (2019)
“When Work Disappears: Manufacturing De-
cline and the Falling Marriage Market Value of
Young Men,” American Economic Review: In-
stghts, Vol. 1, No 2., pp. 161-78.

Autor, D., D. Dorn, G.H. Hanson, G. Pisano and
P. Shu (2020a) “Foreign Competition and Do-
mestic Innovation: Evidence from US Patents,”
American Economic Review: Insights, Vol. 2,
No. 3, pp. 357-74.

Autor, D., D. Dorn, G.H. Hanson, G. Pisano and
K. Majlesi (2020b) “Importing Political Polar-
ization? The Electoral Consequences of Rising
Trade Exposure,” American Economic Review,
Vol. 110, No. 10, pp. 3139-83.

Autor, D. and A. Salomons (2018) “Is Automation
Labor Share-Displacing? Productivity Growth,
Employment, and the Labor Share,” Brookings
Papers on Economic Activity, Spring, pp. 1-63.

Baldwin, R. (2016) The Great Convergence: Infor-
mation Technology and the New Globalization
(London: Harvard University Press).

Baldwin, R. (2017) “Factory-Free Europe? A
Two Unbundlings Perspective on FEurope’s
Twentieth-Century Manufacturing Miracle and
Twenty-First-Century Manufacturing Malaise,”
in The Factory-free Economy, Outsourcing,
Servitization, and the Future of Industry, edited
by Lionel Fontagné and Ann Harrison, pp. 24-
66 (Oxford: Oxford University Press).

Baldwin, R. (2019) The Globotics Upheaval, Glob-
alization, Robotics, and the Future of Work (Ox-
ford: Oxford University Press).

Bloom, N., M. Draca and J. Van Reenen (2016)
“Trade Induced Technical Change? The Im-
pact of Chinese Imports on Innovation, IT, and
Productivity,” Review of Economic Studies, Vol.
83, pp. 87-117.

Bloom, N., K. Handley, A. Kurman and D. Luck
(2019) “The Impact of Chinese Trade on U.S.
Employment: The Good, The Bad, and The
Debatable,” Manuscript, July.

Bloom, N., P. Romer, S.J. Terry and J. Van
Reenen (2021) “Trapped Factors and China’s
Impact on Global Growth,” The FEconomic
Journal, Vol. 131, No. 633, pp. 156-91.

Buckley, P.J., R. Strange, M.P. Timmer and G.J.
de Vries (2020) “Cathcing-Up in the Global Fac-
tory: Analysis and Policy Implications,” Jour-
nal of International Business Policy, Vol. 3, pp.
79-106.

Caceres, C,. D.D. Cerdiero and R. Mano (2019)
“Trade Wars and Trade Deals: Estimated Ef-
fects Using a Multi-sectoral Model,” IMF.

Caliendo, L. and F. Parro (2015) “Estimates of the
Trade and Welfare Effects of NAFTA,” Review
of Economic Studies, Vol. 82, No. 1, pp. 1-44.

Caliendo, L. F. Parro and A. Tsyvinski (2017)
“Distortions and the Structure of the World
Economy,” NBER Working Paper, No. 23332.

Caliendo, L., M. Dvorkin and F. Parro (2019)
“Trade and Labor Market Dynamics: General
Equilibrium analysis of the China Trade Shock,”
FEconometrica, Vol. 87, No. 3, pp. 741-835.

Carter, A.P. (1970) Structural Change in the
American Economy (Cambridge: Harvard Uni-
versity Press).

Carvalho, V.M. and N. Voigtlander (2015) “Input
Diffusion and the Evolution of Production Net-
works”, Barcelona GSE Working Paper Series,
No. 759.

Carvalho, V.M. and A. Tahbaz-Salehi (2019)
“Production Networks: A Primer,” Annual Re-
view of Economics, Vol. 11, August, pp. 635-63.

Caselli, F,. M. Koren, M. Lisicky and S. Ten-
reyro (2020) “Diversification Through Trade,”
The Quarterly Journal of Economics, Vol. 135,
No.1, pp. 449-502.

31



Che, Y., Y. Lu, J.R. Pierce, P.K. Schott and
Z. Tao (2020) “Did Trade Liberalization with
China Influence US Elections?” Manuscript,
December.

Constantinescu, C., A. Mattoo and M. Ruta
(2019) “Does Vertical Specialisation Increase
Productivity?,” The World Economy, Vol. 42,
Pp. 2385-2402.

Corrado, C., J. E. Haskel, M. Iommi and C. Jona-
Lasinio (2020) “Intangible Capital, Innovation,
and Productivity & la Jorgenson: Evidence from
Europe and United States,” in Measuring Eco-
nomic Growth and Productivity, Foundations,
KLEMS Production Models, and FExtensions,
edited by Barbara Fraumeni (London: Aca-
demic Press).

Dauth, W., S. Findeisen and J. Suedekum (2014)
“The Rise of the East and the Far East: German
Labor Markets and Trade Integration,” Journal
of the European Economic Association, Vol. 12,
No. 6, pp. 1643-1675.

De Juan, O. and E. Febrero (2000) “Measur-
ing Productivity from Vertically Integrated Sec-
tors,” Economic Systems Research, Vol. 12, No.
1, pp. 65-82.

Dietzenbacher, E., A.R. Hoen and B. Los (2000)
”"Labour Productivity in Western European
Countries 1975-1985:  An Intercountry, In-
terindustry Analysis,” Journal of Regional Sci-
ence, Vol. 40, No. 3, pp. 425-452.

Dietzenbacher, E., B. Los, R. Stehrer, M. Tim-
mer and G. de Vries (2013) “The Construction
of World Input-Output Tables in the WIOD
Project,” Economic Systems Research, Vol. 25,
No. 1, pp. 71-98.

Feenstra, R.C. and A. Sasahara (2018) “The
‘China Shock’, Exports and U.S Employment:
A Global Input-Output Analysis,” Review of
International Economics, Vol. 26, No. 5, pp.
1053-1083.

Feenstra, R.C., H. Ma and Y. Xu (2019) “US
Exports and Employment,” Journal of Interna-
tional Economics, Vol. 120, pp. 46-58.

Gu, W. and B. Yan (2017) “Productivity Growth
and International Competitiveness,” Review of
Income and Wealth, Vol. 63, No. 1, pp. 113-
133.

IMF (2019) “Global Value Chains: What Are the
Benefits and Why Do Countries Participate?,”
Working Paper, No. 18.

Jaravel, X. and E. Sager (2020) “What Are the
Price Effects of Trade? Evidence from the U.S
Implications for Quantitative Trade Models,”
Manuscript, August.

32|

Jones, C.I. (2013) “Misallocation, Input—Output
Economics, and FEconomic Growth,” in Ad-
vances in Economics and Econometrics: Tenth
World Congress. Volume II: Applied FEco-
nomics, edited by Daron Acemoglu, Manuel
Arellano and Eddie Dekel (Cambridge: Cam-
bridge University Press).

Leontief, W. (1953) Studies in the Structure of the
American Economy (New York: Oxford Univer-
sity Press).

Miller, R.E. and P.D. Blair (2009) Input-Output
Analysis: Foundations and FExtensions (Cam-
bridge: Cambridge University Press).

Oberfield, E. (2018) “A Theory of Input-Output
Architecture,” Econometrica, Vol. 86, No.2, pp.
559-89.

Pahl, S. and M. Timmer (2019) “Patterns of Verti-
cal Specialisation in Trade: Long-run Evidence
for 91 Countries,” Review of World Economics,
Vol. 155, pp. 459-86.

Pasinetti, L.L. (1981) Structural Change and Eco-
nomic Growth: A Theoretical Essay on the Dy-
namics of the Wealth of Nations (Cambridge:
Cambridge University Press).

Pasinetti, L.L. (1993) Structural Economic Dy-
namics: A Theory of the Economic Conse-
quences of Human Learning (Cambridge: Cam-
bridge University Press).

Pierce, J.R. and P.K. Schott (2016) “The Surpris-
ingly Swift Decline of US Manufacturing Em-
ployment,” American Economic Review, Vol.
106, No. 7, pp. 1632-1662.

Pierce, J.R. and P.K. Schott (2020) “Trade Lib-
eralization and Mortality: Evidence from US
Counties,” American Economic Review: In-
stghts, Vol. 2, No. 1, pp. 47-64.

Ponte, S., G. Gereffi and G. Raj-Reichart
(eds.) (2019) Handbook on Global Value Chains
(Northhampton: Edward Elgar Publishing).

Reijnders, L.S, M.P. Timmer and X. Ye (2021)
“Labour Demand in Global Value Chains: Is
There a Bias Against Unskilled Work?,” The
World Economy. Online version before inclu-
sion in an issue.

Rodriguez-Clare, A,. M. Ulate and J.P. Vasquez
(2020) “New-Keynesian Trade: Understanding
the Employment and Welfare Effects of Trade
Shocks,” NBER Working Paper, No. 27905.

Rosenberg, N. (1982) Inside the Black Box: Tech-
nology and Economics (Cambridge: Cambridge
University Press).

Ten Raa, T. and E. Wolff (2000) “Engines of
Growth in the US Economy,” Structural Change
and Economic Dynamics, Vol. 11, No. 4, pp.
473-89.

Ten Raa, T. and E. Wolff (2001) “Outsourcing of
Services and the Productivity Recovery in U.S.
Manufacturing in the 1980s and 1990s,” Journal
of Productivity Analysis, Vol. 16, pp. 149-65.



Ten Raa, T. and E. Wolff (2012) Productivity
Growth: Industries, Spillovers and Economic
Performance (Cheltenham: Edward Elgar).

Timmer, M. (2017) “Productivity Measurement in
Global Value Chains,” International Productiv-
ity Monitor, Vol. 33, Fall, pp. 182-93. http:
//www.csls.ca/ipm/33/Timmer.pdf.

Timmer, M.P., E. Dietzenbacher, B. Los, R.
Stehrer and G.J. de Vries (2015) “An Illus-
trated User Guide to the World Input-Output
Database: The Case of Global Automotive Pro-
duction,” Review of International Ecomomics,
Vol. 23, No. 3, pp. 575-605.

Timmer, M.P., B. Los, R. Stehrer and G.J. de
Vries (2021) “Supply Chain Fragmentation and
the Global Trade Elasticity: A New Accounting
Framework,” IMF Economic Review, article not
assigned to an issue.

Timmer, M.P., S. Mirodout and G.J. de Vries
(2019) ”Functional Specialisation in Trade,”
Journal of Economic Geography, Vol. 19, pp.
1-30.

Timmer, M.P. and X. Ye (2018) “Productivity and
Substitution Patterns in Global Value Chains,”
The Oxford Handbook of Productivity Analysis
edited by Emili Grifell-Tatjé, C.A. Know Lovell
and Robin C. Sickles (Oxford: Oxford Univer-
sity Press).

Timmer, M.P. and X. Ye (2020) “Accounting
for Growth and Productivity in Global Value
Chains,” Measuring Economic Growth and Pro-
ductivity:  Foundations, KLEMS Production
Models, and FExtensions, edited by Barbara
Fraumeni, pp. 413-26 (London: Academic
Press).

Winter, S. and R. Nelson (1982) An Evolutionary
Theory of Economic Change (Cambridge: Har-
vard University Press).

Wolff, E.N. (1994) “Productivity Measurement
Within an Input-Output Framework,” Regional
Science and Urban Economics, Vol. 24, No. 1,
pp. 75-92.

WTO (2019) “Technological Innovation, Sup-
ply Chain Trade, and Workers in a Global-
ized World,” Global Value Chain Development
Report.

33



Appendix: Construction of the
Main Variables

Vertical labour productivity

This variable is defined as the ratio be-
tween the (vertical) value added and (verti-
cal) employment generated within the do-
mestic production process in order to sat-
isfy final demand.?® Mathematically and
using matrix notation, the vertical value

added (VVA) is found by the equation:
VVA=VA/GO((I — A)'FD).

(I — A)~' = L = [l;;] is the Leontief in-
verse (I — AP =T+ A+ A2+ A3+ ),

37l

or the total requirements matrix. ij 1s

thus a partial derivative and expresses the
total effect on domestic production in sec-

tor ¢ of a unit change in final demand in

ox;
0fi
quent rounds of indirect intermediate de-

sector j (L;; = %), including all subse-
mand. Therefore, L describes how a change
in final demand is transmitted throughout
the domestic production system in wider
and wider circles. VA/GO is a diagonal
matrix with the ratio between domestic
sectoral value added and domestic sectoral
gross output on the main diagonal and ze-
ros elsewhere. F'D is a diagonal matrix
with sectoral final demand on the main di-
agonal and zeros elsewhere. In country ¢,
the column sum for sector j (i.e. GV C; ;) in
V'V A; is the (vertical) value added needed
to satisfy sector j’s final demand, including

all upstream stages of its domestic produc-

tion process. Vertical employment is de-
fined in the same way, but with sectoral em-

ployment instead of sectoral value added.

Output multiplier

This variable measures the gross output
needed in the domestic economy in order to
produce one unit of final demand, including
all subsequent rounds of indirect intermedi-
ate demand generated along the domestic
supply chain (Miller and Blair, 2009). In
country 4, the column sum for sector j (i.e.
GV C; ;) in L; is sector j’s output multi-
plier. Although domestically oriented, this
variable resembles to the downstream mea-
sures frequently used in the GVC literature
(Antras and Chor, 2021).

Import multiplier

This variable measures the use of im-
ported intermediates per unit of final de-
mand, including all subsequent rounds of
indirect demand for imported intermedi-
ates generated along the domestic supply
chain. Mathematically, the import multi-
plier (IM) is found by the equation: IM =
IT/GO(I—A)~!, where I1/GO is a matrix
with the ratios between sectoral intermedi-
ate imports and sectoral gross output. In
country i, the column sum for sector j (i.e.
GV C; ;) in IM; is sector i’s import mul-
tiplier, including all subsequent rounds of
indirect demand for intermediate imports
generated along the domestic supply chain.
Although domestically oriented, this vari-

able resembles to the measures of foreign

36 The term “vertical” comes from the description of the column sum dimension often used in IO analysis (Miller
and Blair, 2009) and from Carvalho (2014) who argues that a vertical economy is — in contrast to a horizontal
economy — an economy where trade in intermediates connect sectors.

37 A is the direct requirement matrix, describing the first round effect on the intermediate demand from a unit

change in final demand.
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value added in exports in the GVC litera-
ture (Antras and Chor, 2021).

Import multiplier from China

This variable measures the use of Chi-
nese intermediates per unit of final de-
mand, including all subsequent rounds of
indirect demand for Chinese intermedi-
ates generated along the domestic supply
chain. Mathematically, the import multi-
plier from China (IMC) is found by the
IMC IIC/GO(I — A)~L,
where 1/C/GO is a matrix containing the

equation: =
ratios between sectoral intermediate im-
ports from China and sectoral gross out-
put. In country ¢, the column sum for sec-
tor j (i.e. GVC;;) in IMC; is sector j’s
import multiplier from China, including all
subsequent rounds of indirect demand for
Chinese intermediates generated along the

domestic supply chain.

Overall multiplier

This variable measures the gross out-
put needed to produce one unit of final de-
mand, irrespective of whether the interme-
diates are domestically or foreign sourced.
It is defined as the sum of the output and

import multiplier.3®

Capital multiplier

This variable measures the use of the

38 The term “overall multiplier” is my own construct.

capital stock per unit of final demand, in-
cluding all subsequent rounds of indirect
demand for the capital stock generated
Math-
ematically, the capital multiplier (CM) is
found by the equation: CM = C'S/GO(I—
A)~L. where CS/GO is a diagonal matrix

containing the ratio between the sectoral

along the domestic supply chain.

capital stock and sectoral gross output on
the main diagonal and zeros elsewhere. In
country ¢, the column sum for sector j (i.e.
GV C; ;) in CM; is sector j’s capital mul-
tiplier, including all subsequent rounds of
indirect demand for the capital stock along

the domestic supply chain.

Vertical gross output

This variable measures the gross out-
put needed to satisfy final demand, includ-
ing all subsequent rounds of indirect de-
mand generated along the domestic sup-
ply chain. Mathematically, vertical gross
output (VGO) is found by the equation:
VGO = (I—A)"'FD, where FD is a diag-
onal matrix with final demand on the main
diagonal and zeros elsewhere. In country ¢,
the column sum for sector j (ie. GV, ;)
in VGO; is sector j’s vertical gross output,
including all subsequent rounds of indirect

demand along the domestic supply chain.
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Appendix Table A: Weighted Estimations

Panel I: High-income Countries

Dependent variable: vertical labour productivity ~ Weight=go  Weight=va  Weight=empl.

Import multiplier -1.006*** -0.994%** -0.864***
(0.154) (0147) (0.131)

Import multiplier from China 0.720%** 0.710%** 0.683%**
(0.068) (0.065) (0.065)

Panel II: United States

Dependent variable: vertical labour productivity =~ Weight=go  Weight=va  Weight=empl.

Import multiplier -0.32 -0.367 -0.528%*
(0.255) (0.265) (0.237)

Import multiplier from China 0.348*** 0.362%** 0.401***
(0.066) (0.07) (0.064)

Note: Note. Linear fixed effect IV estimations (2SLS). Other included regressors are: output

multiplier and vertical gross output. GO weight = share of real vertical gross output, VA weight
= share of real vertical value added, and empl weight = share of vertical employment. Robust
standard errors in parentheses, adjusted for clusters. The instrumental variable is China’s vertical
labour productivity. Years: 2000-2014. Log values. * = p < 0.05,* = p < 0.01,** = p < 0.001.

The six estimations pass the under-identification test (Kleibergen-Papp rk LM statistic) and the

weak identification test (Cragg-Donald Wald F statistic).

Appendix Table B: Another Instrumental Variable

Panel I: High-income Countries

Dependent variable: vertical labour productivity No lag
Import multiplier -0.606***
(0.067)
Import multiplier from China 0.500%***
(0.016)
R2? — within 0.52
N 5866
Panel II: United States
Dependent variable: vertical labour productivity No lag
Import multiplier 0.011
(0.182)
Import multiplier from China 0.270%**
(0.042)
R? — within 286
N 0.84

Note: Linear fixed effect IV estimations (2SLS). Other in-
cluded regressors are: output multiplier and vertical gross out-
put. Robust standard errors in parentheses, adjusted for clus-
ters (GVCs). All variables are expressed in constant prices
with base year=2000. The instrumental variable is the im-
port of Chinese intermediates among the 21 countries in the
WIOD not defined as an HIC. Years: 2000-14.
***p < 0.001,**p < 0.01,*p < 0.05. The F-value of the first-
stage regression for the HICs (US) is 709 (555), and the instru-

mental variable is significant at p < 0.001.

Log values.



Appendix Table C: Longer-term Effects of the China Shock

High-income countries

Dependent variable: 2000 vs 2014 2000-01 vs 2000-02 vs

2000-03 vs 2000-04 vs
vertical labour productivity 2013-14 2012-14 2011-14 2010-14
Output multiplier -0.467 -0.874%%* -1.014%* -0.939%* -0.713*
(0.249) (0.299) (0.322) (0.332) (0.335)
Import multiplier -0.593%** -0.630%** -0.643%** -0.685%** -0.714%%*
(0.101) (0.107) (0.122) (0.132) (0.142)
Import multiplier from China 0.467*** 0.491%*** 0.539%*** 0.577*** 0.593***
(0.022) (0.025) (0.029) (0.033) (0.038)
F-value: first stage 490 418 387 339 298
R? - within 0.77 0.71 0.69 0.65 0.58
N 750 753 754 754 756

Note: Linear fixed effect IV estimations (2SLS). Robust standard errors in parentheses, adjusted for 386 clus-
ters (countries*manufacturing sub-sectors, including their domestic supply chains). The instrumental variable is
China’s vertical labour productivity. Vertical gross output is included to control for the actual level of demand.
Years: 2000-2014. Log values. *** = p < 0.001,** = p < 0.01,* = p < 0.05. With two time periods, the fixed

effect estimator generates the same result as the first-difference estimator.

37









o 4 - Facken inom industrins
arenaide produktivitetskommission



