A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

de Vries, Gaaitzen; Chen, Quanrun; Hasan, Rana; Li, Zhigang

Working Paper

Skills and activity upgrading in global value chains: Trends

and drivers for Asia

ADB Economics Working Paper Series, No. 496

Provided in Cooperation with:
Asian Development Bank (ADB), Manila

Suggested Citation: de Vries, Gaaitzen; Chen, Quanrun; Hasan, Rana; Li, Zhigang (2016) : Skills and
activity upgrading in global value chains: Trends and drivers for Asia, ADB Economics Working
Paper Series, No. 496, Asian Development Bank (ADB), Manila

This Version is available at:
https://hdl.handle.net/10419/169327

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen

Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,

gelten abweichend von diesen Nutzungsbedingungen die in der dort

genannten Lizenz gewahrten Nutzungsrechte.

http://creativecommons.org/licenses/by/3.0/igo/
WWW.ECOMSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/169327
http://creativecommons.org/licenses/by/3.0/igo/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

SKILLS AND ACTIVITY

UPGRADING IN GLOBAL
VALUE CHAINS: TRENDS
AND DRIVERS FOR ASIA

ASIAN DEVELOPMENT BANK




ADB Economics Working Paper Series

Skills and Activity Upgrading in Global Value Chains:

Trends and Drivers for Asia

Gaaitzen de Vries, Quanrun Chen, Rana Hasan,
and Zhigang Li

No.496 | August 2016

ASIAN DEVELOPMENT BANK

Gaaitzen de Vries (g.j.de.vries@rug.nl) is assistant
professor at the Groningen Growth and Development
Centre, University of Groningen. Quanrun Chen
(grchen@amss.ac.cn) is assistant professor of
Economics at the University of International Business
and Economics. Rana Hasan (rhasan@adb.org) is
director and Zhigang Li (zli@adb.org) is economist at
the Economic Research and Regional Cooperation
Department, Asian Development Bank (ADB).

This paper benefited from detailed discussions with
Mahinthan Joseph Mariasingham on the ADB Multi-
Region Input-Output database used here and
comments and discussions with participants at the ADB
2016 Key Indicators workshop in Manila, January 2016.

) I

YEARS




-. Creative Commons Attribution 3.0 IGO license (CC BY 3.0 IGO)

© 2016 Asian Development Bank

6 ADB Avenue, Mandaluyong City, 1550 Metro Manila, Philippines
Tel +63 2 632 4444; Fax +63 2 636 2444

www.adb.org

Some rights reserved. Published in 2016.
Printed in the Philippines.

ISSN 2313-6537 (Print), 2313-6545 (e-ISSN)
Publication Stock No. WPS168370-2

Cataloging-In-Publication Data

Asian Development Bank.
Skills and activity upgrading in global value chains: Trends and drivers for Asia.
Mandaluyong City, Philippines: Asian Development Bank, 2016.

1. Functional upgrading. 2. Global multiregional input-output model. 3. Global supply chains.
4. Structural decomposition analysis. 5. World input-output database. |. Asian Development Bank.

The views expressed in this publication are those of the authors and do not necessarily reflect the views and policies of the
Asian Development Bank (ADB) or its Board of Governors or the governments they represent.

ADB does not guarantee the accuracy of the data included in this publication and accepts no responsibility for any
consequence of their use. The mention of specific companies or products of manufacturers does not imply that they are
endorsed or recommended by ADB in preference to others of a similar nature that are not mentioned.

By making any designation of or reference to a particular territory or geographic area, or by using the term “country” in this
document, ADB does not intend to make any judgments as to the legal or other status of any territory or area.

This work is available under the Creative Commons Attribution 3.0 IGO license (CC BY 3.0 IGO)
https://creativecommons.org/licenses/by/3.0/igo/. By using the content of this publication, you agree to be
bound by the terms of this license.

This CC license does not apply to non-ADB copyright materials in this publication. If the material is attributed to another
source, please contact the copyright owner or publisher of that source for permission to reproduce it. ADB cannot be held
liable for any claims that arise as a result of your use of the material.

Attribution—In acknowledging ADB as the source, please be sure to include all of the following information:
Author. Year of publication. Title of the material. © Asian Development Bank [and/or Publisher].
URL. Available under a CC BY 3.0 IGO license.

Translations—Any translations you create should carry the following disclaimer:

Originally published by the Asian Development Bank in English under the title [title] © [Year of publication] Asian
Development Bank. All rights reserved. The quality of this translation and its coherence with the original text is the sole
responsibility of the [translator]. The English original of this work is the only official version.

Adaptations—Any adaptations you create should carry the following disclaimer:

This is an adaptation of an original Work © Asian Development Bank [Year]. The views expressed here are those of the
authors and do not necessarily reflect the views and policies of ADB or its Board of Governors or the governments they
represent. ADB does not endorse this work or guarantee the accuracy of the data included in this publication and accepts no
responsibility for any consequence of their use.

Please contact pubsmarketing@adb.org if you have questions or comments with respect to content, or if you wish to obtain
copyright permission for your intended use that does not fall within these terms, or for permission to use the ADB logo.

Notes:
1. In this publication, “$” refers to US dollars.
2. Corrigenda to ADB publications may be found at: http://www.adb.org/publications/corrigenda



CONTENTS

TABLES AND FIGURES

ABSTRACT

INTRODUCTION
JOBS IN GLOBAL VALUE CHAINS: CONCEPT, DATA, AND EXAMPLES

A. Data
B. Global Value Chain Example

MAIN TRENDS IN SKILL AND ACTIVITY UPGRADING

V. ACCOUNTING FOR THE DRIVERS OF CHANGES IN JOBS BY SKILL
AND ACTIVITY ACROSS ASIAN COUNTRIES
A Trade
B. Technology
C. Consumption
V. MAIN DRIVERS OF SKILL AND ACTIVITY UPGRADING
VI. CONCLUDING REMARKS
APPENDIX
REFERENCES

10
13
13
14
14
18
19

23



TABLES AND FIGURES

TABLES

>0 wWN 2
.

An Accounting Framework for Global Value Chains

Manufactures GVC Jobs by Sector, 2000 and 2011

Manufactures GVC Workers by Skill Type, 2000 and 2011 and Change
Manufactures GVC Workers by Business Activity, 2000 and 2011 and Change
Decomposition of Change in Jobs by Skill Type, Total Economy
Decomposition of Change in Jobs by Business Activity, Total Economy
Supplement to Table 3; Direct Manufactures GVC Workers

by Skill Type, 2000 and 2011 and Change

A2 Supplement to Table 3; Indirect Manufactures GVC Workers
by Skill Type, 2000 and 2011 and Change

A3 Supplement to Table 4; Direct Manufactures GVC Workers
by Business Activity, 2000 and 2011 and Change

A4 Supplement to Table 4; Indirect Manufactures GVC Workers
by Business Activity, 2000 and 2011 and Change

A5 Supplement to Table 5; Decomposition of Change in Jobs
by Skill Type, Total Economy

A6 Supplement to Table 6; Decomposition of Change in Jobs
by Business Activity, Total Economy

FIGURES

1 GVC Jobs in Chinese Electronics

2 Change in Employment Share of GVC Workers by Activity, 2000-2001

—_—
N OO 00NN W

19

19

20

20

21

22



ABSTRACT

This paper examines the trends in skill and activity upgrading in global value chains (GVCs) and the
drivers of upgrading in Asian economies. It uses the newly constructed ADB Multi-Region Input-
Output Tables as well as occupation data on jobs by educational attainment and business activities,
namely research and development; production; logistics, sales, and marketing; administration and
back-office; and headquarter activities. Our results suggest an ongoing specialization process in high-
income Asian countries and in developing member countries (DMCs) toward high-skilled knowledge-
intensive activities. The pace of upgrading differs across Asian countries, being more rapid and
encompassing in the People’s Republic of China in comparison to other DMCs. We use a structural
decomposition method to account for the drivers of the trends observed. In particular, technological
change in GVCs that is biased toward knowledge-intensive activities is important in accounting for the
trends observed.

Keywords: functional upgrading, global multiregional input-output model, global supply chains,
structural decomposition analysis, World Input-Output Database

JEL codes: D57, F16, F63



l. INTRODUCTION

The employment structure in Asia is rapidly evolving. Throughout the region, the workforce is moving
out of agriculture. It is also becoming more educated as the average years of schooling of Asia’s
population has risen from around 4 years in 1970 to 8 years in 2010 (ADB 2015a) and the share of
tertiary educated youth (those aged between 15 and 29) has rapidly increased. Concomitant to the
increase in educational attainment, there is an ongoing expansion of production networks in Asia.
Baldwin and Lopez-Gonzalez (2015) document the rapid emergence and expansion of Factory Asia
during the past decades. At the same time, Felipe, Mehta, and Rhee (2015) emphasize premature
deindustrialization in Asia. They argue manufacturing employment shares have peaked at (too) low
levels of economic development. How are these trends connected? Do Asian economies that educate
their workforce also upgrade in global value chains (GVCs) by increasingly undertaking more skill-
intensive services activities instead of core production activities?

A rich literature uses case studies to examine upgrading. This literature identifies upgrading
trajectories by companies, initially focusing on production to ultimately branding their own
manufactures (Gereffi 1999). As firms upgrade, they acquire new functions in GVCs, such as design or
marketing that require enhanced human competences (Humphrey 2004). Thus, the increase in skills
of Asia’s labor force is seen as going hand in hand with upgrading in chains. So far, however, much of
the analysis has been qualitative. We lack information about macro trends of upgrading by Asian
countries in GVCs.

Analyzing upgrading in GVCs and quantifying the drivers that account for the trends observed
is not straightforward. A major bottleneck is the empirical identification of global supply chains and
their evolution. Typically, use is made of measures of foreign direct investment, imports, and exports
over GDP or the share of intermediate imports in overall imports. But even when this type of data is
available, it still does not capture how activities are combined in global supply chains.

One of the contributions of this paper is the adaptation of empirical methods for identifying
GVCs and to measure the participation of Asian economies in these value chains. Another contribution
we make is the estimation of the job content of trade, where we distinguish between different activities
and skill types. What matters for the effect of expanding production networks on domestic labor demand
is its job content, which can only be inferred from data on the skill or activity content of all activities
carried out by a country that is involved in GVCs (Krugman 2008).

Our analysis is a relevant extension of what has been done so far. Recently, researchers have
measured the domestic value added content of exports (see, for example, ADB 2015b). This provides
important information on the income generated by Asian countries from participating in GVCs. An
increase in the domestic content of exports may signal the substitution of domestic for imported
intermediate inputs (Kee and Tang 2015). However, changes in the domestic value added of exports
are not necessarily informative of upgrading in GVCs as changes in the domestic content may originate
from alterations that have little to do with upgrading. For example, an increase in the share of domestic
value added may simply come from changes in the industry composition (e.g., a shift toward natural
resource exports that typically have a higher share of domestic content). In addition, these studies do
not examine the job content of exports. Generating jobs—good jobs—in GVCs is typically of primary
concern to policy makers.

We examine functional upgrading in GVCs defined as the integration or the move into more
sophisticated knowledge-intensive activities in GVCs (Humphrey and Schmitz 2002). A typical
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industrial upgrading pattern would be from doing mainly assembly activities to own-equipment
manufacturing to ultimately own-brand manufacturing (Gereffi 1999). This will be reflected in increasing
employment shares of more skill-intensive activities by Asian economies in GVCs. In particular, we would
expect a shift from production to research and development (R&D), design, and marketing activities.

As such, the perspective in this paper shifts from a pure sector focus on manufacturing toward a
focus on activities undertaken. Historically, industrialization is intimately related to economic
development (Felipe, Mehta, and Rhee 2015). Premature deindustrialization is therefore an important
concern for academics and policy makers. However, manufacturing firms in Asia may have been actively
engaged in outsourcing services activities. In addition, the reorganization of global supply chains
increasingly relates to the organization of business support functions (e.g., call centers, information and
communications technology support; see Sturgeon and Gereffi 2009), which mainly take place in
services sectors. A focus on activities is therefore necessary and adds new information about the
development path of Asian countries.

We have collected new data on the use of labor by industry classified by occupation and
educational attainment in various Asian economies. This data is combined with World Input-Output
Tables (WIOT) to analyze upgrading in GVCs in a number of Asian economies, namely Bangladesh;
India; Indonesia; Japan; Malaysia; the Philippines; the People’s Republic of China (PRC); the Republic
of Korea; Taipei,China; Thailand; and Viet Nam. We also present results on the relative importance of
the drivers that account for changes in skill and functional labor demand for a limited set of Asian
economies.

The paper is organized as follows. In section I, the data and GVC concept is introduced and
illustrated using the Chinese electronics GVC. Section |1l describes the main trends in skill/functional
upgrading in GVCs across Asian countries. We then evaluate to what extent the changes in jobs per
skill/function type and country can be explained by each of the different channels affecting labor
demand in sections IV (method) and V (results). Section VI provides concluding remarks.

. JOBS IN GLOBAL VALUE CHAINS: CONCEPT, DATA, AND EXAMPLES

The GVC approach measures the contribution of countries to global production. It captures the jobs
generated in a country by participating in global production of a particular set of products, abbreviated
by the terms “GVC jobs” (Timmer et al. 2014). Meng, Peters, and Wang (2015) label this approach a
backward industrial-linkage-based decomposition as it identifies all production stages of a final good
or service in a GVC. It answers the question how much jobs a country adds to the global production of
a particular set of final products.

A particular row in Table 1 provides information on the jobs from a particular country-industry
to all GVCs in the world. Obviously, this includes jobs in the production of its own final products, but
also jobs for production in other GVCs, by means of delivering intermediate inputs. Note that this
includes jobs delivered directly to the industry-of-completion, but also indirectly through other
industries.’

' Itisimportant to note that a country’s manufactures GVC jobs reflects work related to a particular set of activities, namely those directly and
indirectly related to the production of final manufactures. This includes activities in the manufacturing sector itself but also in supporting
industries such as business, transport and communication, and financial services through the delivery of intermediate inputs. These indirect
contributions will be explicitly accounted for through the modeling of input-output linkages across sectors. Consider the example of car



Skills and Activity Upgrading in Global Value Chains: Trends and Drivers for Asia | 3

Table 1: An Accounting Framework for Global Value Chains

Final Products of a Global Value Chain, Identified by Country-
Industry of Completion Jobs
Country 1 Country M
Industry1 | ... | Industry N | .. | Industry1 | .. | Industry N

Jobs from Country 1 Industry 1
country-
industries Industry N
participating
in global Country M | Industry 1
value chains

Industry N
Total jobs for each GVC World jobs

GVC = global value chain.

Note: Cell values represent the jobs generated in the country-industry given in the row, within the global value chain corresponding to the country-
industry of completion given by the column.

Source: Modification of Figure 1in Timmer et al. (2014).

In this section and the next, we focus on the contribution to the global production of final
manufacturing goods, denoted by the term “manufactures.” Production systems of manufactures are
highly prone to international fragmentation, as activities have a high degree of international
contestability: they can be undertaken in any country with little variation in quality. GVC jobs of a
country are then defined as the contribution of its industries to the global production of manufactures.
The GVC jobs of a country in global production of manufactures is equal to the sum of jobs by all its
industries to the production of all final manufacturing goods where the last stage of production takes
place in any country in the world. Note that this includes not only activities in the manufacturing
sector, but also activities in all other sectors, such as agriculture, utilities, business services, and so on,
that provide inputs in any stage of the production process.

A. Data

We combine WIOT with detailed information on jobs. For the GVC analysis in the first part of this
paper, we use the ADB Multi-Region Input-Output Tables (MRIOs; see Mariasingham 2015). ADB
has added more Asian economies to the WIOT that were constructed in the World Input-Output
Database (WIOD) project. This to facilitate analysis related to the Asia and Pacific region. Five Asian
countries, Bangladesh, Malaysia, the Philippines, Thailand, and Viet Nam, have been added. This
comes on top of the Asian economies that were already available in the WIOTs, namely the PRC;
Japan; the Republic of Korea; India; Indonesia; and Taipei,China.

To account for the drivers of changes in jobs in the second part of this paper, we use a
structural decomposition method. This structural decomposition analysis requires WIOTs in previous
years’ prices. Tables in previous years’ prices are only available in the original WIOD project and not in

production in the Republic of Korea. Demand for Korean cars will in first instance raise the output of the Republic of Korea’s car industry. But
production in this industry relies on parts and components that are produced elsewhere, such as engines, braking systems, car bodies, paint,
seat upholstery or window screens, but also energy, and various business services such as logistics, transport, marketing and financial services.
These intermediate goods and services need to be produced as well, thus raising output in the industries delivering these, say the Japanese
business services industry, the Czech braking systems industry and the Indian textile industry.
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the ADB MRIOs. Hence we can only account for the drivers of changes in jobs in the PRC; Japan; the
Republic of Korea; India; Indonesia; and Taipei,China.

The MRIO tables are an important improvement of the existing statistical framework, because
it allows one to examine and study the implications of global production fragmentation. However,
there is substantial scope for improving these tables. Timmer et al. (2015) discuss possible
improvements and extensions of the tables. One particular limiting assumption in the tables is the
assumption of homogeneity within industries. A column in an MRIO table only provides the average
production structure across all firms in a particular industry. But these production structures might be
rather different for various types of firms. For example, Chen et al. (2012) and Koopman, Wang, and
Wei (2012) found that for the PRC the import content of exports differed substantially between
foreign processing firms and domestic firms. Likewise, there are differences in trade and interindustry
relations between formal and informal firms. Typically, informal firms are less active in exporting goods
directly and often also indirectly. Hence, using average production structures across all firms in an
industry may imply that the employment effects are exaggerated. Incorporating information on
heterogeneity in production processes from firm-level data is an important avenue for future work,
since aggregation errors in value chain analyses would be reduced.

Information on jobs by skill type and business activity is obtained from labor force surveys
(LFSs). For the countries that are included in the WIOD project, detailed socioeconomic accounts are
already available. We used these to get information on jobs by skill type. This data is available annually
from 1995 to 2009. Employment by industry data is available until 2011. We applied skill shares from
2009 to employment by industry data for 2010 and 2011. To obtain data by business activity we used
occupational employment data, described in Timmer and de Vries (2015). In contrast to Timmer and
de Vries (2015), this study uses better and more detailed information on occupations by industry for
the PRC based on the 2000 and 2010 population census and for India based on various rounds of the
National Sample Survey.

For the five additional Asian countries included in the ADB MRIO we estimated jobs by skill type
and business activity, where we closely followed the approach by Timmer and de Vries (2015). For
Bangladesh we used the 2006 LFS; for Malaysia, the 2000 population census; for the Philippines, the
2004, 2009, and 2013 LFS; for Viet Nam, the 2007 and 2013 LFS; and for Thailand, the 2000, 2005, and
2010 LFS. Shares were approximated for those years for which we did not have the necessary data. For
example, shares from the 2013 LFS for the Philippines are assumed fixed and also used for 2011. We
applied these skill and activity shares to employment estimates by industry in order to have the annual
number of jobs by skill type and activity. Employment by broad sectors was obtained from the ADB Key
Indicators. Value added by industry is available from the ADB MRIOs and industries within the same
broad industry are assumed to have the same labor productivity to estimate employment by industry.

B. Global Value Chain Example

Figure 1 shows an illustration of the GVC concept for final electronics equipment products from the
PRC. Basically, the GVC of electronics equipment in the PRC is a column in Table 1 and the rows in
that column give the jobs originating from a country-industry participating in the Chinese electronics
GVC. The left panel of Figure 1 shows workers by skill type involved in the production of Chinese
electronic products. Our findings suggest that increased demand for Chinese electronic products
resulted in an increase in jobs in the PRC, from about 15 million in 2000 to 30 million in 2011. Note
that these are jobs both directly as well as indirectly involved in the production of Chinese final
electronic products and hence these jobs can originate from industries outside of the electronics
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manufacturing itself, an issue to which we return in the next section. This illustrative example suggests
that increased demand for jobs in the PRC’s electronics GVC is skill biased: demand for low-skilled and
medium-skilled workers doubled, but demand for high-skilled workers increased fourfold.

Figure 1: GVC Jobs in Chinese Electronics

40,000

40,000
/~ 35000
'8 35, o~ 35,000
S g 5,813
§ 30,000 § 30,000 1 701
< o 4,368
C 25000 £ 25000
w A
2 2
2 20,000 0 20,000 T
5 o
E o
£ 15000 g 15000 T
£ o
> €
Z 10,000 g 10,000 A
5,000 5,000 -
o 0 - T
2000 201 2000 2011

@ Foreign workers

E PRC, high-skilled workers

B PRC, medium-skilled workers
m PRC, low-skilled workers

O Foreign workers

@ PRC, headquarter workers

@ PRC, administration and back-office workers
E PRC, logistics, sales, and marketing workers
B PRC, production workers

® PRC, R&D workers

GVC = global value chain, PRC = People’s Republic of China, R&D = research and development.

Note: Panels show the number of workers directly and indirectly involved in production of electronic products, decomposed into foreign
and domestic workers, by skill type and business activity.

Source: Authors’ calculations based on the ADB MRIOs, socioeconomic accounts of WIOD and occupation information from the 2000
and 2010 population census.

The right panel of Figure T shows workers by business activity. Note that the aggregate change
in foreign (about 1.1 million in 2000 and 5.8 million in 201T) and PRC jobs (15 million in 2000 and 30
million in 201T) match with the left panel. That is, the GVC job content by business activity is a
different cut of the type of workers involved in GVCs. Whereas GVC jobs by skill type is based on
information about educational attainment, GVC jobs by business activity uses information on the
occupation of workers. Information on business activities provides additional insight into GVC
upgrading patterns. That is, if a country manages to upgrade from assembly to doing its own R&D and
design activities in a GVC, this will be reflected by changes in business activity in that GVC.

Information on the skill and activity content are obviously related, but imperfectly so. For
example, R&D workers are often high-skilled workers, whereas production workers often have lower
educational attainment. But skills measured by educational attainment need not be connected to the
job or tasks that a person carries out. Also, the quality of education may be rather poor. Chapter 2 in
ADB (2015a) provides a mapping of occupations and tasks to skills and education and measures skill
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mismatches. Using occupations data is more appropriate if skill mismatches are pervasive. We use
detailed occupations to map workers into different business activities.> Clearly, business functions at
both ends of the GVC (R&D at the upstream end; and logistics, sales, marketing, and headquarter
activities at the downstream end) are typically associated with higher skill requirements.

Our findings suggest rapid growth in the amount of PRC’s R&D workers involved in the
electronics GVC of the PRC. This growth was faster compared to growth of production workers and
administration and back-office workers. In addition, headquarter workers expanded from about 454
thousand in 2000 to 791 thousand in 2011. However, it should be noted that most GVC jobs in 2011
still relate to production (16.8 million workers) and back-office (7.1 million) activities, reflecting the
PRC’s strong comparative advantage in these activities.

1. MAIN TRENDS IN SKILL AND ACTIVITY UPGRADING

This section describes aggregate trends in the distribution of jobs in GVCs using the method that was
introduced in the previous section. We will use the ADB MRIOs in this section to be able to examine
upgrading in more Asian countries.? We will use the term ‘manufactures’ to denote all production
activities that are directly or indirectly involved in the production of final manufacturing goods.
Production of manufacturing products is prone to international fragmentation as many activities have
a high degree of international “contestability”—i.e. they can be undertaken in any country, usually with
little variation in quality. It is important to note that GVCs of manufactures do not necessarily include
all activities in the manufacturing sector, and neither all activities that are internationally contestable.
Some activities in the manufacturing sector are geared toward production of intermediates for final
nonmanufacturing products and services and are not part of manufactures GVCs, such as the use of
cement in the construction industry. On the other hand, GVCs of manufactures also include jobs
outside the manufacturing sector, such as business services, transport and communication and
finance, and in raw materials production. These indirect contributions will be explicitly accounted for
through the modeling of input-output linkages across sectors.

We use the number of workers per unit of output to trace the number of workers directly and
indirectly involved in the production of manufacturing goods and their sector of employment. Results
are shown in Table 2. Columns (1) and (2) show the share of GVC jobs in total employment. The next
four columns show the sectoral employment structure, where we distinguish between agriculture,
manufacturing, and other sector jobs. The final four columns show the change in jobs by sector over
the period from 2000 to 20T11.

The first two columns in Table 2 are indicative of the increasing (or decreasing) importance of
manufacturing GVCs in providing jobs across Asia. The findings suggest substantial differences across
economies. In several high-income East Asian economies, namely Japan; the Republic of Korea; and
Taipei,China, the employment share of GVC workers declined. For the Republic of Korea, we observe a
shift in employment of GVC workers, away from the manufacturing sector and toward the services

2 Linking all these occupations to skills, tasks, and education is outside the scope of the current paper.
3 Calculations using the WIOTs indicate that the main trends identified here do not differ substantially for Asian countries
distinguished in the WIOTs. This suggests that analysis based on the ADB MRIOs or the WIOTs is qualitatively similar.
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sector (see the final columns in Table 2). For Japan there has been a decline in manufactures’ GVC
workers across all sectors of the economy.#

Table 2: Manufactures GVC Jobs by Sector, 2000 and 2011

Manufactures

GVC Workers

as (%) Share of Change in Manufactures GVC

All Workers in Manufactures GVC Workers in 2011 Workers between 2000 and 2011

the Economy (Thousands) Employed in (Thousands) Employed in

2000 20M AGR MAN OTH ALL AGR MAN OTH ALL
Bangladesh 237 439 11,187 5,640 6,916 23,743 7,379 2,619 4520 14,518
India 26.2 27.5 51,518 52,030 28,622 132,170 -2,303 17,005 8,125 22,827
Indonesia 28.6 245 13,979 8,050 6,103 28,132 142 446 811 1,399
Japan 20.8 17.5 1,323 5177 3,590 10,089 -292 -2,631 -551 -3,474
Malaysia 353 30.9 740 1,425 1,625 3,791 179 -147 484 516
Philippines 294 31.2 6,376 2,267 2,951 11,594 1,825 346 1,340 3,510
PRC 27.7 30.3 104,554 88520 52,109 2457183 5705 23,877 15905 45487
Republic of Korea 27.6 23.8 609 2,833 2,316 5,757 -436 -182 535 -83
Taipei,China 30.8 283 122 1,897 1,014 3,033 -50 17 109 76
Thailand 415 35.6 6,811 3,730 3,020 13,560 -592 350 813 571
Viet Nam 24.8 331 8,755 4448 3,461 16,663 3,172 2,143 2,041 7,357

AGR = agriculture, GVC = global value chain, MAN = manufacturing, OTH = other sectors, PRC = People’s Republic of China.
Notes: GVC workers are directly and indirectly involved in the production of manufacturing goods. First columns show the number of GVC workers in
the total economy. Next four columns indicate the total number of GVC workers by sector in 2011. The final four columns indicate the change in the

number of GVC workers by sector between 2000 and 2011.
Source: Authors’ calculations based on ADB MRIO and socioeconomic accounts.

In most developing member countries (DMCs), such as Bangladesh, India, the Philippines, the
PRC, and Viet Nam, the share of manufactures’ GVC workers increased. In Bangladesh, the increase
was particularly rapid from 23.7% in 2000 to 43.9% in 2011. This may be overstated. In section Il, we
discussed that MRIO tables do not adequately account for firm heterogeneity, in particular in properly
including interindustry linkages for informal (often agricultural) firms. In addition, substantial
differences in productivity between agriculture and nonagriculture sectors will be reflected in a large
amount of agricultural workers involved in manufactures GVCs. Excluding agricultural GVC workers
still indicates that GVC workers as a share of all workers in the economy expanded in Bangladesh, but
the level and pace is substantially lower: about 14 percent in 2000 and increasing to 23% in 2011. For
India and the PRC, it appears the increase in GVC workers mainly originates in the manufacturing
sector, adding about 17 million jobs in India between 2000 and 2011 and almost 24 million in the PRC.
By 2011, twice as many GVC jobs were generated in the PRC as compared to India (245 million versus
132 million). In several DMCs, such as Indonesia, Malaysia, and Thailand, the share of manufactures
GVC workers declined, but the final columns indicate the absolute amount of GVC workers increased.

4 One might argue that a drop in the overall economy share of GVC jobs is a simple reflection of higher productivity growth
in manufacturing relative to nontraded services, known as Baumol’s cost disease hypothesis. In a closed economy with
increasing income per capita, final demand for manufactures is declining relative to domestic services as income elasticity
is lower, such that fewer workers are needed. But for open economies, increasing foreign demand for manufactures might
counteract this tendency (Timmer et al. 2013). Indeed, from Table 2 it appears that countries differ in their ability to
benefit from increasing demand for manufactures in emerging markets.
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Aggregate changes in jobs are informative about the involvement of countries in GVCs.
However, to examine whether countries are upgrading in GVCs we need additional information. In
particular, we will examine whether more skilled workers and more knowledge-intensive activities are
undertaken across Asia in manufactures GVCs. We will first examine this by analyzing the number of
workers by skill type that is needed for the production of manufactured GVC goods. We use skill
requirements data where workers in each industry and country are characterized by their educational
attainment level. We will distinguish between low-, medium-, and high-skilled GVC workers.

Across Asian economies, a first distinction is apparent between high-income Asian economies
(Japan; the Republic of Korea; and Taipei,China) and DMCs. From Table 3 we observe that the change
in GVC jobs in the Republic of Korea is unevenly spread across workers by skill type. In particular, the
number of low-skilled GVC workers declined by 406 thousand between 2000 and 2011 (a decline of
40% from the initial level), whereas the number of high-skilled workers increased by 502 thousand (an
increase of 27%). These relative trends between low- and high-skilled workers are also found for Japan
and Taipei,China. This suggests increasing specialization of high-skilled activities in GVCs by high-
income Asian economies.

Table 3: Manufactures GVC Workers by Skill Type, 2000 and 2011 and Change

(Thousands)
Low-Skilled Medium-Skilled High-Skilled
Workers Workers Workers
Change Change Change
2000-20M 2000-2011 2000-20M1

2011 (%) 201 (%) 20Mm (%)
Bangladesh 10,009 178 12,681 153 1,053 72
India 79,877 n 43,080 33 9,213 76
Indonesia 22,019 0 5,040 22 1,073 79
Japan 1,050 -45 6,695 -25 2,344 -14
Malaysia 1,917 14 1,427 12 446 41
Philippines 4923 31 4,837 52 1,834 61
PRC 166,311 15 68,736 34 10,135 155
Republic of Korea 598 -40 2,817 -6 2,342 27
Taipei,China 1,101 -25 1,100 14 832 59
Thailand 8,336 -N 4,044 62 1,180 8
Viet Nam 11,461 75 3,232 101 1,970 69

GVC = global value chain, PRC = People’s Republic of China.

Notes: GVC workers are directly and indirectly involved in the production of manufacturing goods. See Appendix Tables 1
and 2 where direct and indirect effects are distinguished.

Source: Authors’ calculations based on ADB MRIO and socioeconomic accounts.

In most DMCs, there was a formidable increase in low- and medium-skilled GVC workers. In
absolute terms, India and the PRC stand out, but also in Bangladesh, the Philippines, and Viet Nam we
observe a substantial increase in GVC workers. These findings are in line with expectations from
traditional Heckscher-Ohlin theory of comparative advantage, where one expects that DMCs specialize
in their relatively abundantly available factors of production, namely low- and medium-skilled workers.

Our findings suggest the PRC generates more GVC jobs for its low-skilled workers compared
to India (166 million in the PRC in 2011 versus 80 million in India). Interestingly, the generation of low-
skilled GVC jobs by the PRC seems to mainly originate from indirect activities, such as the delivery of
intermediate inputs (see Appendix Tables Tand 2). Besides the importance of upgrading in GVCs, it is
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also important for emerging Asian countries to provide jobs for its large less-skilled workforce. The
PRC appears to be able to do so.

In DMCs, the number of high-skilled workers increased. The relative increase in high-skilled
workers was typically fast, suggesting an upgrading process in GVCs by DMCs although from low initial
levels.

We can further examine the specialization of economies in GVCs by studying changes in jobs
related to the various business activities in GVCs using occupations data instead of information on
workers classified by educational attainment. Table 4 shows changes in jobs across activities. In high-
income Asian economies—the Republic of Korea and Taipei,China—there was a decline in production
workers involved in manufactures’ GVCs and a rapid increase in R&D workers. This relative pattern is
also observed in Japan, but the total number of GVC jobs declined there (both R&D workers directly
and indirectly related to the production of manufactures; see Appendix Tables 3 and 4). In contrast, in
DMCs the amount of production workers increased. Interestingly, in DMCs we also observe an
increase in R&D and headquarter workers, but from low initial levels or small in relative terms.

Figure 2 shows changes in employment shares by activity, based on the information provided
in Table 4. Several additional insights emerge from this figure. First, although the number of production
GVC workers increased in most Asian economies, the relative employment shares decreased. The
increase in the share of production jobs in Bangladesh appears an important exception to this overall
trend. Second, in most Asian economies the share of R&D workers; logistics, sales, and marketing
workers; and administration and back-office workers increased. This is further indicative evidence of
activity upgrading in GVCs by Asian economies. However, the share of headquarter workers only
appears to substantially increase in the Republic of Korea and Taipei,China. This suggests that the
upgrading process is ongoing across Asia, but proceeds at different speed across economies.

Table 4: Manufactures GVC Workers by Business Activity, 2000 and 2011 and Change
(Thousands)

Logistics, Sales

Administration

Production and Marketing and Back-Office Headquarter
R&D Workers Workers Workers Workers Workers

Change Change Change Change

2000- Change 2000- 2000- 2000-
2011 2000- 2011 2011 2011
2011 (%) 2011 2011 2011 (%) 2011 (%) 2011 (%)
Bangladesh 551 97 17,318 171 3,340 154 2,530 106 3 15
India 1,507 92 97,466 14 19,157 26 3,706 37 10,334 104
Indonesia 321 334 26,436 4 366 41 639 13 369 -27
Japan 534 -16 5,464 -32 1,525 -25 2,313 -6 254 -37
Malaysia 249 1 1,977 10 695 16 629 48 240 10
Philippines 196 36 8,711 37 1,956 72 624 74 106 56
PRC 4,779 105 178,296 16 35,865 31 22,007 69 4,236 23

Republic of

Korea 289 65 3943  -12 533 19 837 39 156 18
Taipei,China 141 74 1,846 -8 524 26 350 13 172 26
Thailand 197 15 9,998 1 1,665 40 1,448 42 324 -52
Viet Nam 797 66 12,296 69 2,429 142 1,138 108 2 -

GVC = global value chain, PRC = People’s Republic of China, R&D = research and development.

Notes: GVC workers are directly and indirectly involved in the production of manufacturing goods. See Appendix Tables 3 and 4 where direct and
indirect effects are distinguished.

Source: Authors’ calculations based on ADB MRIO and the occupations database (see main text).
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Figure 2: Change in Employment Share of GVC Workers
by Activity, 2000-2001

%

Bangladesh
India
Indonesia
Japan
Malaysia
Philippines
PRC
Taipei,China
Thailand
Viet Nam

Republic of Korea

ERD ®PROD @LSM ®ADM BHQ

ADM = administrative and back-office; GVC = global value chain;

HQ = headquarters; LSM = logistics, sales, and marketing; PRC = People’s Republic
of China; PROD = production; RD = research and development.

Source: Authors’ calculations based on ADB MRIO and the occupations database
(see main text).

V. ACCOUNTING FOR THE DRIVERS OF CHANGES [N JOBS BY SKILL
AND ACTIVITY ACROSS ASIAN COUNTRIES

In this and the subsequent section, we seek to examine the drivers of the changes in GVC workers by
skill type and business activity observed in the previous section. This section presents an adaptation of
the structural decomposition method introduced by Los, Timmer, and de Vries (2013) to examine
what accounts for changes in skill demand and activity upgrading in Asian countries.

We explicitly frame the quantification of changes in GVC jobs in a setting with internationally
fragmented global supply chains. To model these international production linkages, we rely on a
fundamental input-output identity introduced by Leontief (1936). But in contrast to Leontief’s use of a
national input-output table, we consider his input-output identity in a multicountry setting as
production processes are unbundled across national borders. Leontief’s identity states that

q=Bq+f,

where q denotes outputs, f is final consumption, and B a world input-output matrix with intermediate
input coefficients. The matrix describes how a given product in a country is produced with different
combinations of intermediate inputs from anywhere in the world. The identity states that a good is
either used as intermediate input in another production process or consumed. This identity can be
rewritten as



Skills and Activity Upgrading in Global Value Chains: Trends and Drivers for Asia | 11

q=(-B)f,

with | an identity matrix.5 (I-B) ™ is the Leontief inverse. It represents the total production value that is
directly and indirectly required to produce for final demand. To see this, let z be a vector column with
the first element representing the global consumption of iPads produced in the PRC, and the rest
zeros. This is the total final output of the Chinese iPad industry. Then Bz is the vector of direct
intermediate inputs, both Chinese and foreign, needed to assemble the iPads in the PRC, such as the
hard disk drive, battery, and processors. But these intermediates need to be produced as well. B%z
indicates the intermediate inputs directly needed to produce Bz, and so on. Thus ZBZ represents all

intermediate inputs indirectly needed for the iPad production. By adding the final output to all direct
and indirect intermediate input requirements, the total gross output value related to the production of
final output z is given by z+Bz+iB"z:iB"z:(1 _B)'z

n=2 n=0

We can use this insight to derive GVC jobs from any final output value. Let g be the direct
amount of jobs by skill type or activity per unit of gross output. Elements in the vector g are country
and industry specific. For example, one element in vector g is the amount of production workers in the
Chinese electronics industry to produce $1 of gross output. The elements in g are direct jobs in the
industry, as they do not account for jobs embodied in intermediate inputs used by the industry (say the
hard disk drive from the Republic of Korea’s electronics industry or the processor from Japan’s
electronics industry, which are other elements in the vector g). To measure all direct and indirect jobs,
we need to define a matrix A= (I - B) where A is the matrix of jobs per unit of final demand. Note
that, as above, we use the Leontief inverse such that A includes both direct and indirect jobs. The total
amounts of jobs that can be attributed to observed levels of final demand can then be found by

Jobsip = ur §(1 - B) ¥, M

where Jobs;p are the total jobs in country i by skill type or activity b, f is an mn-vector with final demand
levels for each of the n products delivered by each of the m countries, and ux is an appropriately
chosen summation vector.

In what follows, we specify determinants of intertemporal changes in Jobsip that affect the
product (I - B)" and determinants that affect f. The former effects relate to changes within GVCs,
whereas the latter are associated with changes in the relative weights of GVCs.

First, look at demand for final products and trade in final products. We consider three
determinants that account for changes in f. First, total final demand in countries increases as they grow
richer. Second, the composition of consumption bundles can change due to Engel effects. For
example, if consumers become wealthier in the PRC it is likely that their consumption bundle changes,
for example, increasing their demand for cars. Finally, market shares of countries in selling final
products might change over time. For example, relocation of electronics assembly activities in Japan to
the PRC will imply that market shares of Chinese final electronics products will increase at the expense

5 See Miller and Blair (2009) for an introduction to input-output analysis. Matrices are indicated by boldfaced capital
letters (e.g. B), vectors are columns by definition and are indicated by boldfaced lowercase letters (e.g. q), and scalars
(including elements of matrices or vectors) are indicated by italicized letters (e.g. Jobsip). A prime indicates transposition
(e.g. up). Ahat (e.g. §) indicates a diagonal matrix, with the elements of the vector g on the diagonal.
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of market shares of Japanese final electronics products. These three factors can be incorporated into
the analysis by expressing the final demand vector as®

f=[T"o(S" - ¢ )]u, @

where c is an m-vector. Its typical element ¢; contains total final demand exerted by country i. $* is an
mnxm-matrix constructed by stacking m identical nxm-matrices of final demand shares for each of the
n outputs. S* reflects consumption bundles of countries. The rows of the nxm matrices that together
form S* are obtained by aggregating over final goods supplied by each of the trade partners: if Chinese
consumers would spend 0.1 of their total consumption on Chinese food and 0.05 of their total
consumption on Thai food, the share of food in Chinese consumption would amount to 0.15. T* is an
mnxm-matrix of final product trade coefficients. It reflects market shares of countries in selling final
products. It is constructed by stacking mnxm-matrices T, of which the typical element t; represents
the share of the country considered in final demand for product i in country j. u is an m-elements
summation vector consisting of ones.

Equation (2) indicates how three factors together determine the relative importance of mn
GVCs, a GVC being defined as all activities required to produce the final product of an industry in a
country. If jobs by skill type or activity would vary across GVCs, changes in relative importance of these
chains could lead to changes in the amount of these jobs. Within such GVCs, however, technological
change and changes in the type of activities countries specialize into can also lead to differences in the
amounts of jobs in the country considered. If the production of final products is a fragmented process
organized in GVCs, the mn-vector g¥ = g(I - B)™ gives a more appropriate measure of the jobs by skill
or activity to produce final products. gV gives the worldwide jobs by skill or activity used to produce
one unit of each of the mn final products, irrespective of the location of the activities required.

Changes in g" would only reflect skill-biased technological change if labor would be equally
productive across regions. Loosely speaking, if the productivity of a high-skilled worker in country A
would be double that of a worker in country B and a high-skill intensive activity would be relocated
from A to B, we would observe technological change biased toward high-skilled workers. To correct for
this, we introduce an mn-productivity vector m, the typical element of which contains the industry-
specific labor productivity levels of labor relative to levels in the US.” This allows us to specify a GVC'’s
technology in terms of labor measured in efficiency units, g” = (mog)’ (1 - B)™.

It is important to note that the values in the cells of the matrix (I - B)" are not only determined
by the technical production requirements in terms of intermediate inputs, but also by the shares of
these intermediate inputs delivered by each of the potential countries-of-origin. As a consequence,
some industries in some countries will use more labor of a particular skill type or activity than expected
on the basis of g, while others will use less. Since a WIOT represents mn industries with jobs and mn
GVCs to which these jobs relate, we can compute an mnxmn-matrix with shares of each of the mn
industries in total jobs per unit of final demand produced by a GVC. Rows correspond to industries
where jobs originate; columns correspond to the GVCs to which jobs contribute:

R = {fg(l - B)Y}(g)" €

6 The symbol ° stands for the “Hadamard product,” obtained by cell-by-cell multiplication (i.e, W = X ° Y means that w;; =
xijyy, for all i and j).
7 The elements of T can change over time, but are assumed to be identical across skill groups.
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Writing g(1 - B)' = i"1R§" and substituting equations (2) and (3) into equation (1), we can
express the Jobsip in period O in a country as

Jobsipo =uRo8o[Tyo(Sy - €p)]u. )

Next, the difference in jobs of a country at two points in time (Jobsi,1 — Jobsipo) can be
disaggregated into

JObSi,b,1 - JObSi,b,o = u;cﬁl_lngfl[T1*°(sik ' él)]u - ukﬁalRogfo [T5°(SS ! é0)]11 =

w (R — i R EH [T o(S] - €)]u + (5a)
w A5 (Ry — Ro)gH [Ty o(S] - €)]u + (5b)
w7ty " Ro(8h — &ip) [Ty o(S) - €é)]u + (50)
w Aty Ro8io [(Ty — Tg)o(S7 - é)]u + (5d)
w75 Ro8o[Too((ST — Sp) - €)]u + (5e)
w5 R80T (S5 - (€ — €p))]u (5H

In a nutshell, this disaggregation identifies six determinants of changes in a country’s jobs
between the initial period (denoted by subscript 0) and the final period (denoted by subscript 1).
Below, these six determinants are grouped into those arising from changes in trade, technology, and
consumption patterns. The decomposition technique allows us to isolate the partial effects of each of
these determinants. Furthermore, the disaggregation is exhaustive. Hence, the total change in a
country’s jobs is attributed to changes in trade, technology, or consumption. We describe each of the
drivers of a country’s jobs in turn.®

A. Trade

Changes in the location where intermediates are produced (equation 5b). If some of the
intermediate inputs were initially purchased from domestic suppliers but are now bought in a foreign
country, the associated jobs will also be relocated to the foreign country.®

Changes in the location of final assembly (equation 5d). If the production of a final good from a
country loses world market share, jobs in all countries that contributed to the production of that final
good will fall. Changes in preferences of consumers may cause such changes, but also decisions by lead
firms to relocate their assembly activities.

B. Technology

Changes in GVC Jobs (equation 5c). We define the GVC jobs for a final good produced in a country
(say the iPads in the PRC) as the jobs anywhere in the world and in any industry required to produce

8 The decomposition analysis represented by equations (5a-5f) is not a unique solution. It alters with the choice of weights
applied to the individual expressions and can give rise to n! possible decompositions (see Dietzenbacher and Los 1998).
The results presented in the next section are an arithmetic average over equations (5a-5f) and the so-called polar form,
which consists in switching initial and final year weights in all the equations. Dietzenbacher and Los (1998) demonstrate
that the average of all the potential decompositions roughly corresponds to the average of the two polar decompositions.

9 Equation 5b accounts for changes in R, hence other changes are included here as well such as changes in jobs per unit of
output.
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$1 million of final output of the final good in that country. Increased efficiency in this GVC will, ceteris
paribus, lead to lower demand for jobs of a particular skill type or activity.

Changes in efficiency of a country (equation 5a). If productivity in a country catches up to the
productivity leader (say Chinese electronics industry catches up to US electronics), fewer jobs are
needed to produce the same amount of output.

C. Consumption

Changes in the consumption bundle (equation 5e). If the composition of the consumption bundle
(both at home and abroad) changes, this affects the relative demand for final products. Since final
products differ in terms of their embodied jobs, these Engel effects induce changes in jobs in a country.

Changes in consumption levels (equation 5f). Demand for final goods increases if consumers
become wealthier and purchase more goods and services.

We use the WIOT in previous year’s prices to describe the world production structure from
2000 onward. WIOTs in previous year’s prices are only available up to 2009, which restricts our
analysis to the period from 2000 to 2009. In addition, Bangladesh, Malaysia, the Philippines, Thailand,
and Viet Nam are not distinguished separately in the WIOTs (they are part of the ‘Rest of the World’
block in the WIOTs). Thus, we disaggregate total jobs by activity in each country considered. Below,
we discuss the key findings from our disaggregation of the change in jobs between 2000 and 2009.

V. MAIN DRIVERS OF SKILL AND ACTIVITY UPGRADING

This section presents the main results from the decomposition analysis. We focus on quantifying the
actual changes in demand for skills and business activities across all jobs in an economy. Hence, this is
a broader perspective on jobs compared to the focus on manufactures GVC jobs in section Ill, but we
will explicitly account for GVCs in the analysis here. Changes in jobs are split into the changes in
underlying factors using the decomposition methodology.

Table 5 shows changes in jobs by skill type and an account of the drivers of these changes. The
first columns show the number of jobs by skill type in 2000 and 2009 and the change between 2000
and 2009. High-income Asian economies, such as Japan; the Republic of Korea; and Taipei,China
have specialized in high-skilled jobs. For example, low-skilled jobs in the Republic of Korea declined by
760,000 between 2000 and 2009, whereas the number of high-skilled jobs increased by almost 3
million. In contrast in DMCs, such as India and Indonesia, we observe an increase in low-skilled jobs. A
noticeable exception is the PRC, where the total number of low-skilled jobs declined by about
7 million, but from a very high initial level of almost 492 million. Interestingly, in all Asian economies
distinguished, there was a substantial increase in high-skilled jobs. This is suggestive of an increase in
demand for skills in Asia.

The subsequent columns in Table 5 show the drivers of the change in the number of jobs. The
sum of the columns for trade, technology, and consumption is equal to the change in jobs between
2000 and 2009. Our decomposition analysis suggests that technological change in GVCs is related to
a reduced demand for jobs. Due to efficiency improvements, fewer workers are needed to produce the
same amount of output. Our results suggest that technological change in GVCs has been skill biased.
Technological change lowered demand for low-skilled workers relatively more compared to high-
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skilled workers. Other drivers in our decomposition analysis also had a substantial effect on the relative
demand for workers by skill type. In particular, changes in the consumption bundle in the PRC, toward
manufacturing and services and away from agriculture, lowered demand for low-skilled workers.

The final column in Table 5 suggests that the biggest effects on the demand for workers
originate from increased consumption levels. Increased consumer demand lifted all boats: it did not
substantially affect the relative demand for workers by skill type. In the Appendix Table 5, we split the
change in consumption levels into foreign and domestic demand. This split suggests that the
consumption level effect mainly originates from domestic demand. The relocation of intermediate
production and final assembly increased demand for high-skilled workers relative to low-skilled
workers, in particular in the Republic of Korea and Taipei,China.”® However, the effects from trade
appear less important compared to the effect from technological change.

Table 6 shows jobs by business activity in 2000 and 2009 as well as the six factors accounting
for the change in jobs between 2000 and 2009. This table is complementary to Table 5. The total
number of jobs and the changes in jobs for each country in the first columns match with those in Table
5. For example, in both Table 5 and Table 6 one can observe that the amount of jobs in the PRC
expanded by about 59 million between 2000 and 2009. Table 6 provides additional insights as it
examines functional upgrading.

In the PRC, jobs related to production activities declined whereas it increased in India and
Indonesia. These findings accord with the increase in low-skilled jobs in India and Indonesia and the
decrease in low-skilled jobs in the PRC observed in Table 5. In all Asian countries, except India and
Japan, there was an increase in the number of R&D jobs." This is suggestive macro evidence of
functional upgrading by Asian countries in GVCs. But our findings suggest that functional upgrading
proceeds at different speed across countries. In particular, the increase in R&D jobs in the PRC has
been impressive. The subsequent columns in Table 6 suggest that the main drivers of the increase in
R&D jobs are changes in trade, the increase in consumption levels (again mainly changes in domestic
demand; see Appendix Table 6), and the shift in consumer preference toward goods that require more
innovative activities.

Also, when looking at changes in jobs by business activities, our results suggest that
technological change within GVCs had a big effect on the relative demand for higher value added and
more skill-intensive activities, such as R&D and headquarter jobs. For example, improvements in GVC
technology lowered demand for production workers by about 55 million workers in the PRC, but it
hardly affected demand for R&D jobs. This is suggestive evidence of technological change being to the
benefit of more knowledge-intensive activities.

1 |n Appendix Table 5, we also split the relocation of intermediate production to other domestic industries (outsourcing)
and to foreign industries (offshoring). The decomposition results suggest that most of the relation of intermediate stages
is to foreign industries.

" The substantial level and increase in headquarter jobs in India is surprising and might be anomalous due to matching of
various occupations to headquarter activities that probably should be mapped into administrative and back-office
activities. If more detailed occupation data becomes available, the estimates should be improved.
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Table 5: Decomposition of Change in Jobs by Skill Type, Total Economy

(Thousand jobs)
Change Accounted for by Changes in:
Trade Technology Consumption
2009 Location of Location
Skill minus Intermediate  of Final GVC Consumption Consumption
Economy Level 2000 2009 2000 Stages Assembly Efficiency Technology Preferences Levels
Low 277.051 290.606  13.555 -28.284 -1.595 -32.598 -49.881 -54.748 180.660
India Medium 116.657 138.687 22.030 -11.108 2.037 -23.975 -10.574 -16.684 82.335
High 23176  36.535 13360 -1.935 1.099 -9.343 4.900 -1.638 20.277
Low 71185 78.845  7.660 -98 1572 3.616 -15.614 -7.472 25.655
Indonesia Medium 17.386  21.798 4.412 830 418 -1.219 -1.838 -418 6.640
High 4749 7.559 2.810 562 104 =771 734 59 2122
Low 6.778 4193 -2.585 -726 -151 440 -1.979 -402 234
Japan Medium 43260 38.036 -5223 -1.597 -904 2.794 -6.202 -936 1.622
High 15.215  15.900 685 -819 -310 993 386 -154 589
Low 491723 484582  -7.141 12.415 54.416 -248.415 -48.217 -143.308 365.968
PRC Medium 206.048 244976 38.928 12.535 25.143 -131.184 -32.487 130 164.790
High 23.079 50392 27313 4.076 2.658 -23.288 14.374 887 28.606
Low 2.956 2197 -760 -371 19 -123 -877 -56 648
Republic of Korea  Medium 9792 9.953 160 -43 133 -516 -1.853 -233 2,673
High 8.387 11.341 2.953 79 64 -427 362 105 2770
Low 4188 317 -1.071 -776 -38 835 -1.618 -83 610
Taipei,China Medium 3173 3.568 395 -141 -16 515 -481 31 487
High 2237 3.595 1358 65 -5 303 536 160 299

GVC = global value chain, PRC = People’s Republic of China.
Note: Skill levels are low, medium, and high based on educational attainment.
Source: Authors’ calculations based on the World Input-Output Database.
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Table 6: Decomposition of Change in Jobs by Business Activity, Total Economy

(Thousand jobs)
Change Accounted for by Changes in:
Trade Technology Consumption
2009 Location of  Location
Business minus Intermediate  of Final GVvC Consumption Consumption
Economy Activity 2000 2009 2000 Stages Assembly Efficiency Technology Preferences Levels
RD 4,445 4135 -310 -352 161 1,112 -1133 -372 2,498
PROD 317,167 340,317 23,150 -30,846 -2,076 -28,777 -57,433 -69,948 212,229
India LSM 69,563 82,408 12,845 -2,429 2,390 -25.995 -6,087 -3,419 48,386
ADM 12,889 12,566 -323 -829 445 -3,785 -4,018 3 7,862
HQ 12,380 26,401 14,021 -3,760 611 -6,210 10,539 673 12,167
RD 4,355 5,759 1,405 395 131 -854 47 -45 1,731
PROD 80,382 93,061 12,678 -528 1,845 3,467 -14,006 -7.717 29,617
Indonesia LSM 1,902 2,469 567 177 23 -276 -54 -20 716
ADM 4369 4902 533 227 58 -634 -760 93 1,549
HQ 2,314 2,012 -302 -19 37 -78 -804 -143 805
RD 2,594 2,164 -430 -161 -72 162 -474 -25 139
PROD 30,582 26,490 -4,093 -1,444 -751 2,234 -4,990 -331 1,189
Japan LSM 12,431 10,507 -1,923 -701 -212 687 -1,521 -682 505
ADM 17,878 17,605 -273 -429 -290 1,036 -766 -365 541
HQ 1,767 1,363 -404 -116 -40 107 -337 -89 71
RD 13,205 19,335 6,130 1,500 1,431 -9,596 -1,084 1,654 12,226
PROD 500,615 490,571  -10,044 11,642 59,079 ~249,100 -55,348 -147,598 371,280
PRC LSM 17,810 135,924 18,114 8,309 13,650 -76,129 -24,204 4334 92,154
ADM 74409 118,988 44,579 5,441 6,415 -59,549 20,332 -957 72,896
HQ 14,811 15,131 320 208 1,641 -8,514 -4,099 276 10,808
RD 1,410 2,051 642 74 17 -46 -79 215 460
PROD 14,725 14,921 195 -88 16 -793 -2,468 -592 4,021
Republic of Korea  LSM 2,061 2,629 568 23 34 -78 -171 136 624
ADM 2,452 3,328 877 99 41 -125 =31 59 834
HQ 488 560 72 14 9 -25 -75 -3 151
RD 534 720 185 31 0 64 -36 67 59
PROD 6,110 6,002 -108 -803 -25 1,125 -1,247 -36 879
Taipei,China LSM 1,510 1,935 424 -14 =17 223 -55 69 217
ADM 1,028 1,140 12 -71 -N 163 -157 18 169
HQ 415 483 68 -6 -5 78 -59 -1 71

ADM = administrative and back-office; GVC = global value chain; HQ = headquarters; LSM = logistics, sales, and marketing; PRC = People’s Republic of China; PROD = production;
RD = research and development.
Source: Authors’ calculations based on the World Input Output-Database and the occupations database.
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VL. CONCLUDING REMARKS

This paper combines MRIO tables with new data on jobs by skill type and business activity to examine
upgrading by Asian countries in GVCs and quantify the contributions of changes in (i) technology, (ii)
trade, and (iii) consumption to changes in employment levels of jobs.

The MRIO tables allow us to view the world economy as a network of GVCs. Technological
change affects the factor requirements per unit of output in these chains. Furthermore, changes in the
location of the production of raw materials, parts and components as well as final products have an
impact on employment levels in countries. Finally, changes in the composition and volume of national
consumption bundles have effects on the relative sizes of GVCs and therefore on the amount of skills
demanded in countries contributing to GVCs.

Our findings suggest that economies differ in their ability to create jobs and upgrade in GVCs.
In particular, the PRC appears to have generated a lot of jobs for its large low-skilled workforce in line
with its comparative advantage. But at the same time, since 2000 we observe substantial upgrading
reflected in rapidly increasing numbers of Chinese R&D workers involved in GVCs. Other DMCs also
appear to upgrade in GVCs but at a slower pace. We also find that high-income Asian economies—
Japan; the Republic of Korea; and Taipei,China—specialize in high-skilled activities in GVCs.

The decomposition method suggests technological change is the main driver of downward
pressures on employment of low-skilled and medium-skilled workers relative to high-skilled workers.
Also, technological change is related to an increase in R&D relative to production workers. Relocations
of stages of production (both of intermediate stages and the final stage) add substantially to this
relative demand effect for workers by skill type, but at the same time the increased participation in
production networks has led to a substantial increase in jobs demanded. Growth of consumption and
investment demand has had employment-enhancing effects. In general, these consumption effects
were sufficiently large to make employment growth positive.

A word of caution is appropriate. Our analysis is grounded in a relatively simple model that has
its limitations. It is an ex post accounting exercise in which final demand is considered exogenous. The
various drivers of changes in jobs are ‘proximate sources’ that are not necessarily independent. New
analysis in a more encompassing framework is needed to uncover the deeper determinants.
Furthermore, considerable scope remains for WIOT to expand country coverage and improve data
quality, in particular by explicitly incorporating firm heterogeneity.
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Table A.1: Supplement to Table 3; Direct Manufactures
GVC Workers by Skill Type, 2000 and 2011 and Change

(Thousands)
Low-Skilled Medium-Skilled High-Skilled
Workers Workers Workers

Change Change Change

2000- 2000- 2000-
2011 20M 20M 2011 2011 20M
Bangladesh 5,093 3,183 5,836 3,416 322 111
India 38,351 916 17,723 3,248 3,477 1,417
Indonesia 11,063 -885 1,899 271 408 207
Japan 350 -295 2,136 -746 744 -137
Malaysia 666 38 383 -21 105 13
Philippines 2,876 530 2,225 686 689 237
PRC 61302 -2,562 17,591 3,089 2,368 1,263
Republic of Korea 181 -139 824 -21 731 -1
Taipei,China 359 -149 333 12 237 67
Thailand 3,724  -1239 1,379 321 349 -106
Viet Nam 4875 1,986 1,078 493 584 201

GVC = global value chain, PRC = People’s Republic of China.
Note: GVC workers directly involved in the production of manufacturing goods.

Source: Authors’ calculations based on ADB MRIO and socioeconomic accounts.

Table A.2: Supplement to Table 3; Indirect Manufactures
GVC Workers by Skill Type, 2000 and 2011 and Change

(Thousands)
Low-Skilled Medium-Skilled High-Skilled
Workers Workers Workers

Change Change Change

2000- 2000- 2000-
2011 2011 2011 2011 2011 2011
Bangladesh 4916 3227 6,845 4,251 731 330
India 41526 7,260 25357 7,430 5736 2,556
Indonesia 10,956 909 3,141 629 665 268
Japan 700 -560 4559  -1,498 1,600 -237
Malaysia 1,251 193 1,044 178 341 16
Philippines 2,047 634 2,612 964 1,145 460
PRC 105,009 24,530 51,145 14,268 7,767 4,899
Republic of Korea 417 -267 1,993 31 1,611 503
Taipei,China 742 -220 767 123 595 243
Thailand 4,612 175 2,665 1,227 831 193
Viet Nam 6,586 2,940 2,154 1,133 1,386 604

GVC = global value chain, PRC = People’s Republic of China.
Note: GVC workers directly involved in the production of manufacturing goods.

Source: Authors’ calculations based on ADB MRIO and socioeconomic accounts.
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Table A.3: Supplement to Table 4; Direct Manufactures
GVC Workers by Business Activity, 2000 and 2011 and Change
(Thousands)

Logistics, Sales

Administration

Production and Marketing and Back-Office Headquarter
R&D Workers Workers Workers Workers Workers
Change Change Change Change Change
2000- 2000- 2000- 2000- 2000-
201 20M 201 20M 20M 20M 20M 20M 20M 201
Bangladesh 140 65 9,208 5,636 1,139 706 763 303 1 0.0
India 425 195 45,404 1,156 8,924 1,928 1,356 363 3,443 2,005
Indonesia 109 88 12,829 -377 108 29 192 14 131 -162
Japan 138 -29 1,840 -871 530 -169 648 -68 74 -41
Malaysia 58 -4 668 79 204 -42 151 18 72 -21
Philippines 59 15 4,881 1,102 625 250 194 77 31 8
PRC 1,117 514 64,999  -1,296 9,800 1,517 4,323 922 1,022 134
Republic of Korea 75 25 1,267 -431 140 8 215 45 40 3
Taipei,China 39 14 592 -103 150 12 100 0 49 7
Thailand 55 -2 4,287 -972 620 96 406 84 116 -198
Viet Nam 192 50 5,256 2,028 784 473 305 128 1 1
GVC = global value chain, PRC = People’s Republic of China, R&D = research and development.
Source: Authors’ calculations based on ADB MRIO and the occupations database (see main text).
Table A.4: Supplement to Table 4; Indirect Manufactures
GVC Workers by Business Activity, 2000 and 2011 and Change
(Thousands)
Logistics, Sales Administration
Production and Marketing and Back-Office Headquarter
R&D Workers Workers Workers Workers Workers
Change Change Change Change Change
2000- 2000- 2000- 2000- 2000-
2011 2011 2011 2011 2011 2011 2011 2011 2011 2011
Bangladesh 41 207 8,110 5,282 2201 1317 1,767 1,001 2 0.4
India 1,082 527 52,062 10,890 1,0233 2,015 2,350 634 6891 3,254
Indonesia 212 159 13,607 1,488 258 78 447 59 238 24
Japan 396 -73 3,624 -1693 995 -335 1,665 -90 180 -105
Malaysia 191 29 1,309 93 491 137 478 185 168 42
Philippines 137 37 3,830 1237 1331 566 430 188 75 30
PRC 3,662 1937 113,297 26,034 26,065 7,008 17,684 8,062 3,214 655
Republic of Korea 214 89 2,676 -107 393 76 622 189 16 21
Taipei,China 102 46 1,254 -63 374 95 250 39 123 29
Thailand 142 28 5,711 1,029 1,045 379 1,042 347 208 -148
Viet Nam 605 266 7,040 2,996 1,645 951 833 463 1 1

GVC = global value chain, PRC = People’s Republic of China, R&D = research and development.
Source: Authors’ calculations based on ADB MRIO and the occupations database (see main text).
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Table A.5: Supplement to Table 5; Decomposition of Change
in Jobs by Skill Type, Total Economy

(Thousand jobs)
Location of Of Of Of Of
Business Intermediate  which: which:  Consumption which: which:
Economy Activity Stages Domestic  Foreign Levels Domestic  Foreign
Low -28,284 -3,251 -25,033 180,660 172,725 7,936
India Medium -11,108 -345 -10,764 82,335 78,366 3,969
High -1,935 366 -2,302 20,277 19,309 968
Low -98 1,739 -1,837 25,655 22,242 3,414
Indonesia Medium 830 465 365 6,640 5,815 825
High 562 144 418 2,122 1,968 155
Low -726 -252 -474 234 39 195
Japan Medium -1,597 -1,088 -509 1,622 207 1,415
High -819 -567 -252 589 52 537
Low 12,415 34,089 -21,675 365,968 347,245 18,723
PRC Medium 12,535 16,354 -3,818 164,790 154,696 10,094
High 4,076 3,354 722 28,606 27,249 1,357
Low -371 -167 -204 648 471 177
Republic of Korea Medium -43 107 -150 2,673 1,899 774
High 79 173 -94 2,770 2,157 612
Low -776 -487 -290 610 18 492
Taipei,China Medium -141 -47 -94 487 91 395
High 65 65 0 299 60 240

PRC = People’s Republic of China.

Notes: Location of intermediates stages and final consumption levels are split into domestic and foreign. The totals equal those
reported in Table 5. Skill levels are low, medium and high based on educational attainment.

Source: Authors’ calculations based on the World Input-Output Database.
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Table A.6: Supplement to Table 6; Decomposition of Change
in Jobs by Business Activity, Total Economy

(Thousand jobs)
Location of Of Of
Business Intermediate  Of which:  which: Consumption  Of which:  which:
Economy Activity Stages Domestic  Foreign Levels Domestic  Foreign
RD -352 240 -592 2,498 2,341 158
PROD -30,846 -6,298 -24,548 212,229 202,995 9,234
India LSM -2,429 400 -2,829 48,386 46,061 2,326
ADM -829 250 -1,079 7,862 7,467 395
HQ -3,760 751 -4,511 12,167 11,418 750
RD 395 157 238 1,731 1,664 67
PROD -528 1,591 -2,119 29,617 25,542 4,075
Indonesia LSM 177 40 138 716 660 56
ADM 227 -6 233 1,549 1,432 n8
HQ -119 -3 -116 805 727 78
RD -161 -94 -67 139 10 129
PROD -1,444 -869 -575 1,189 165 1,025
Japan LSM -701 -429 =272 505 75 430
ADM -429 -328 -102 541 40 500
HQ -116 -72 -44 71 8 63
RD 1,500 1,380 120 12,226 1,71 515
PROD 11,642 32,021 -20,379 371,280 352,122 19,158
PRC LSM 8,309 8,286 23 92,154 85,987 6,167
ADM 5,441 7,569 -2,128 72,896 69,211 3,685
HQ 208 901 -692 10,808 10,159 649
RD 74 58 16 460 392 69
PROD -88 106 -193 4,021 2,952 1,068
Republic of Korea LSM 23 57 -34 624 480 144
ADM 99 107 -8 834 595 239
HQ 14 14 0 151 108 43
RD 31 20 1 59 17 43
PROD -803 -422 -381 879 164 714
Taipei,China LSM -14 21 -34 217 40 177
ADM =71 -52 -19 169 36 133
HQ -6 0 -6 71 12 60

ADM = administrative and back-office; HQ = headquarters; LSM = logistics, sales, and marketing; PRC = People’s Republic of China;
PROD = production; RD = research and development.

Notes: Location of intermediates stages and final consumption levels are split into domestic and foreign. The totals equal those reported in
Table 6.

Source: Authors’ calculations based on the World Input-Output Database and the occupations database.
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Skills and Activity Upgrading in Global Value Chains: Trends and Drivers for Asia

This paper examines the main trends and drivers of upgrading by Asian countries in global value chains using
the newly constructed ADB multiregion input-output tables in combination with occupation data. Our
results suggest an ongoing specialization process in high-income Asian countries and in developing member
countries toward high-skilled knowledge-intensive activities. The pace of upgrading differs across Asian
countries. We use a structural decomposition method to account for the drivers of the trends observed. In
particular, technological change in global value chains that is biased toward skilled activities is important in
accounting for the trends observed.
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