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ARTICLE INFO ABSTRACT
JEL: This paper examines China’s domestic production networks. It uses VAT invoices to build inter-
F14 provincial input-output tables for 2002 and 2012. These are combined with population censuses
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to determine the location of workers involved in production. We document i) increased trade in

1(3319 intermediate inputs between provinces; ii) inter-provincial production fragmentation that differs
by product; iii) substitution of domestic for foreign intermediates, resulting in increased domestic
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Specialization

Domestic production network

1. Introduction

Trade agreements and better communication and management systems have contributed to the fragmentation of production.
Nowadays, firms source inputs from a variety of suppliers in far-away places. A rapidly growing body of literature studies the causes
and consequences of this slicing up of global value chains (Baldwin, 2016). The focus of this literature is on the effects of global
sourcing on industries, firms and workers, treating countries as points in space with little regard for the economic linkages between
firms within economies.

However, the domestic production network - an interlinked web of production units that use inputs from suppliers - matters for a
wide range of topics, such as understanding why financial and business services enhance manufacturing export performance (Liu,
Mattoo, Wang, & Wei, 2020); how linkages between domestic industries influence integration in global networks (Beverelli, Stol-
zenburg, Koopman, & Neumueller, 2019; Meng, Fang, Guo, & Zhang, 2017); the way in which shocks propagate in an economy
(Carvalho, Nirei, Saito, & Tahbaz-Salehi, 2017; Tokui et al., 2012); the aggregate productivity effects of resource misallocation (Jones,
2011); and the welfare gains from trade (Caliendo & Parro, 2015).

Measuring activities performed by China, the world’s largest manufacturer, and understanding how its activities shape global trade
is an important topic for academics and policy makers. Yet, who does what and where? There is a lot we do not know about how
production is fragmented and where economic activities are located within China.

The main contribution of this paper is to build a new database and document stylized facts on the evolution of China’s domestic
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production network. First, we develop Inter-Provincial Input-Output (IPIO) tables for China. The IPIO tables describe economic flows
between province-industry pairs. The key difficulty in constructing such tables is the measurement of internal trade. This paper uses
Value Added Tax (VAT) invoices to measure internal trade flows. VAT invoices report the sales value, the location of the firm, and
provide a 4-digit industry classification of the firm. By aggregating transaction values we measure trade flows between province-
industry pairs and use these to estimate IPIO tables for 2002 and 2012.

Second, we use census data to explore the location of workers performing activities in China’s domestic production network. We
will refer to these as business functions following Timmer, Miroudot, and de Vries (2019), and Gervais, Markusen, and Venables
(2021). We distinguish between four business functions, namely R&D, production, marketing, and other support services. They are
measured by the income of workers that perform the business function, based on their occupation. We use a large and representative
sample of microdata from China’s population censuses for 2000 and 2010 to measure the location and industry affiliation of workers
involved in business functions. The IPIO tables and business function data are made public and for free.

We then apply network tools and input-output techniques to document i) increased trade in intermediate inputs between provinces;
ii) inter-provincial production fragmentation that differs by product; iii) substitution of domestic for foreign intermediates, resulting in
increased domestic value added in exports. Information about the occupations of workers suggest that iv) richer coastal areas such as
Beijing, Tianjin, and Shanghai specialize in R&D and marketing activities, whereas v) inland provinces specialize in production
activities.

This paper relates to studies that examine China’s market integration. China has a centralized bureaucratic system, but its markets
are segmented along provincial boundaries. This is because regional policy is an important part of national economic policy. Local
officials have significant regulatory power over production and trade (Naughton, 2003). The combination of a decentralized fiscal
system and state-owned enterprises under local administration provide an economic rationale for local protectionism.

This segmentation of production along provincial boundaries shaped global trade (Poncet, 2003; Young, 2000). The opening up
of China in 1978 encouraged an outward orientation of coastal provinces, but they developed stronger intermediate input trade
linkages with the global market rather than with inland provinces (Poncet, 2005). Thereafter, growing wage gaps and lower trans-
portation costs resulted in increasing production linkages between provinces (Xing, Whalley, & Li, 2015). Yet, policy reforms such as
the VAT rebate reform in 2004 led to renewed local protectionism as local governments sought to maximize their tax base (Bai & Liu,
2019; Xing & Whalley, 2014). Hence, the speed and direction of inter-provincial trade in intermediate inputs is subject to debate. Our
study contributes to this literature. We find increased inter-provincial trade in intermediates during the 2000s, which differs markedly
from pre-2000 trends.

This paper also relates to literature that examines the domestic content of China’s exports. Koopman, Wang, and Wei (2012) and
Chen, Chen, Pei, Yang, and Zhu (2020) use input-output data and find that China’s domestic value added in exports increased after
2000. Using firm and custom transactions data, Kee and Tang (2016), find the increase is driven by the substitution of domestic for
imported intermediate inputs. These findings align with the trend documented in this paper. In addition, we show that domestic
intermediates are increasingly sourced from other provinces, resulting in production networks that are typically orchestrated by firms
in coastal provinces with inputs sourced ever deeper inland.

Domestic value added does not inform on the type of activities that generate income. That requires additional data. For example,
Assche and van Biesebroeck van Assche and van Biesebroeck (2018) examine firms in China’s export processing zones. They document
that export processing firms increasingly perform a wider range of activities, such as quality control, managing inventory and logistics,
and selecting suppliers and governing supply relationships, which they interpret as functional upgrading. This paper follows Timmer
et al. (2019) and measures domestic value added of a function by the labor income of workers that perform it. Business functions are
likely to differ in their use of factor inputs, the potential for productivity growth and in the generation of knowledge and other
spillovers.

Related studies have used multi-regional input-output tables to examine China’s domestic production networks, notably Pei,
Oosterhaven, and Dietzenbacher (2017), and Meng et al. (2017). The input-output tables used in these studies were constructed using
imputation methods and distinguish broad regions. In contrast to these studies, the IPIO tables presented here are constructed using
firm-level transactions. In addition, the IPIO tables distinguish provinces. Provinces are a more relevant unit of analysis, because
provincial borders have a substantial impact on trade (Poncet, 2003; Young, 2000).

The paper proceeds as follows. Section 2 describes the development of trade linkages between provinces in China. Section 3
presents the new dataset, relegating details to Appendix A. Section 4 discusses network tools and input-output methods. Section 5
presents the empirical results. Section 6 provides concluding remarks.

2. Trade linkages between provinces in China

This section provides background information on China’s domestic product market in subsection 2.1. In subsection 2.2 we review
empirical literature on the development of trade linkages between provinces in China.

2.1. Background of China’s domestic product market

In China, regional policy has always been an important part of national economic policy. During the period under Mao Zedong,
provinces had some autonomy and strived for self-sufficiency partly for national defense considerations (Wu and Yao, 2010). After
1978 and under Deng Xiaoping, a broad range of economic reforms and the opening up of China started. These reforms resulted in
provinces aiming to maximize their own economic and political profits (Naughton, 2003). Kumar (1994) aptly described it that “the
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provincial governments set up the policy of geben giancheng (everyone runs their own race) or gexian shentong (everyone shows their
particular achievements), which resulted in a situation of gezi weizheng (everyone acts consciously without regard for the general
interest).”

One of the economic reforms was fiscal decentralization. It gave local governments an incentive to shield resident firms from inter-
provincial competition in order to maintain their tax base. In addition, local governments protected state-owned enterprises under
their administration, as they provided a base for political power, private benefits, fiscal revenue and sustained local employment (Bai,
Du, Tao, & Tong, 2004; Naughton, 2003). Local governments imposed non-tariff barriers to non-local firms, such as administrative
charges, biased technical standards, and bureaucratic red tape (Poncet, 2004). This increased the cost of cross-border trade and in-
vestment. The central authority did little to prevent this from happening except from introduction the value added taxation system and
the reassignment of central and local taxes in 1994.

The barriers to internal trade eventually culminated in inter-provincial conflicts for the supply of resources. Such clashes occurred
for various products, such as for intermediate inputs for manufactures (e.g. cotton, silk, and wool), foodstuff (e.g. eggs and pork), and
local spices (e.g. mint oil, and aniseed) (Poncet, 2004). For example, the southwestern province Sichuan is the main supplier of cocoons
used for silk. The main producers of silk are located in coastal provinces, in particular Zhejiang (textile production in Zhejiang will be
further discussed in section 5). To stimulate local silk production, Sichuan restricted the exports of silk worms to coastal provinces. In
1988, this went as far as deploying armed forces and militia on the provincial borders to enforce these export restrictions (Poncet,
2004).!

Thus, local governments had incentives to interfere in local economic activities, and also had power over production and trade. As
the silk dispute illustrates, local interventions were often shaped by sectors that provided raw material inputs (intermediate inputs)
and sectors that produced final manufacturing goods. Typically, prices of raw materials were kept low to encourage the development of
manufacturing industries that made intensive use of energy and other basic materials. That is, local governments intervened in in-
dustries that provided intermediate inputs to ease constraints on final goods producers, and they intervened in final goods producers to
lay a claim on industries providing raw material inputs (Naughton, 2003; Young, 2000).

In addition, China’s geographic area is vast and its topography includes a lot of rugged mountainous terrains. For example, Fujian is
geographically separated from other provinces due to mountains and -until the early 1990s - few transport connections (Naughton,
2003).

One might expect that economic development would result in integration of hitherto little connected provinces. Yet, this did not
materialize due to another prominent reform after 1978, namely the proliferation of Export Processing Zones (EPZs). The EPZs were
one of the stepping stones China used to cross the river towards a modern economy. The International Labour Organization (ILO)
defines an EPZ as a designated geographic area with export-oriented firms that are attracted to the location by favorable investment
and trade conditions. However, in China, EPZs are typically jurisdictions rather than physical zones (Fu & Gao, 2007). Furthermore,
these zones take many forms, which can be grouped into special economic zones and development zones. The latter include, among
others, economic and technology development zones, high-tech industrial development zones, logistics parks, industrial parks, and
border economic cooperation zones. The first EPZ in China was set up in Shenzhen in 1979. It was followed by several other EPZs in the
years thereafter. Major experimentation with a broader set of special economic zones and development zones was initiated in the
1990s, starting in the Shanghai Pudong New Area. After China’s accession to the WTO in 2001 another wave of EPZs followed, which
provide employment for millions of workers. Most of these EPZs are concentrated in the coastal provinces of China, with the exception
of border economic cooperation zones (Fu & Gao, 2007).

Because of EPZs, coastal provinces developed stronger trade linkages with the global market than with the rest of China. Indeed,
geography and limited transport infrastructure until the early 1990s hindered inter-provincial trade and encouraged an outward
orientation of coastal provinces (Lemoine, Poncet, & Unal, 2015).

Some forms of export processing involve manufacturing services for foreign companies and only require importing inputs from
abroad (Assche and van Biesebroeck van Assche & van Biesebroeck, 2018). Yet many other activities in EPZs involve the sourcing of
domestic intermediate inputs, which were mainly sourced locally (intra-province). Most EPZs were in coastal provinces, which
facilitated their development. Also, coastal provinces were able to retain the major part of foreign currency income and accounted for
most infrastructure investment (Poncet, 2004). This widened the development gap between the east and the west. Central authorities
were aware of this situation and stimulated co-operation between provinces by setting up multi-regional economic cooperation zones,
with the aim to develop inter-border linkages, together with the fiscal transfer payment through provinces. However, few such zones
were created and economic activity was limited (Poncet, 2004). Core-periphery theory was common thinking, and thus differential
development speeds among regions were accepted in national policy discussions.

After the mid-1990s, the widening income gap between provinces was recognized as a major issue by the central authority.
Moreover, with China’s entry to the WTO in 2001, the central government faced substantial challenges to comply with WTO rules to
promote an integrated domestic market. Hence, the government needed to strike a balance between further economic reforms and its
resulting adjustment costs as well as to limit the protectionism by local governments (Poncet, 2005). It therefore implemented policies
to liberalize the flow of goods, services and capital within China, as well as restructuring agriculture and state-owned enterprises.
Starting from the 2000s, regional development policies were launched, such as “the development of the West”, and “revitalization of

1 Other examples include the wool dispute between provinces in the north-west and the rest of the country; the rice dispute between Hunan (rice
grower) and Guangdong; and the cereal dispute between Fujian and Hubei, Zhejiang, Jiangxi, Anhui, and Henan (cereal growers). All these ‘dis-
putes’ took place in the late 1980s, see Poncet (2004).
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Northeast”. Effectively this implied a shift from core-periphery thinking towards a more balanced growth strategy.

2.2. Review of empirical evidence on trade linkages

Poncet (2004, 2005) uses data extracted from provincial input-output tables to examine internal and international trade for the
years 1987, 1992, and 1997. She examines the share of local goods (intra-provincial), the share of goods imported from other provinces
(inter-provincial), and the share of international goods in provinces’ GDP. No distinction is made whether goods are for intermediate
or final use. However, the commodity composition of inter-provincial trade reveals that trade is dominated by intra-industry trade in
final manufacturing goods, rather than intermediate inputs (Naughton, 2003). Poncet (2004) documents a substantial decline in the
share of inter-provincial trade between 1987 and 1997. On average the share of inter-provincial imports in GDP declined from 53.7 to
38.1%. In contrast, the share of international imports in GDP increased, in particular in coastal provinces where it increased from 5.4 to
24.9% between 1987 and 1997. The findings by Poncet (2004, 2005) align with patterns documented by Young (2000) and indicate
segmentation of the Chinese economy extending into the 1990s.

Xing and Li (2011), and Xing et al. (2015) examine inter-provincial trade during the period from 1997 to 2009.” They observe a
substantial internal home (i.e. province) trade bias, reflecting the long-lasting effects of local protectionism. Yet, they also find that
inter-provincial trade expanded rapidly. Much of this trade is with neighboring provinces and they document three clusters, namely in
the Yangtze river delta, the Pearl river delta, and the Beijing-Tianjin-Hebei region. Expanding inter-provincial trade indicates closer
economic cooperation between provinces since the 2000s.

Xing et al. (2015) also document substantial intra-industry trade between provinces. This suggests a certain degree of product
variety and/or input sourcing.® Often these are dominated by specific industries. For example, Jilin province is home to China’s largest
truck producer. These truck producers account for a substantial share of inter-provincial trade in intermediate inputs of transport
equipment between Jilin and other provinces.

Rising labor and land costs as well as shifts in government policies pushed part of the production activities to Northern and Western
provinces (Naughton, 2007). Clearly, these less industrialized and less urbanized provinces had a substantial surplus labor force in
rural areas. This shift in the location of production activities was facilitated by rapid improvements in transport infrastructure. China
carried out massive investments in roads. Expressways increased from 147 km in 1988 to 98,000 km by 2012. And more than half of
these expressways are located in central and western provinces (Li, Wu, & Chen, 2017). Infrastructure development also included the
expansion of railways and the use of bullet trains. In the 1990s, the average speed of Chinese trains was below 60 km/h. By 2010, bullet
trains were running at 350 km/h and its service length was over 8 thousand km (Zheng & Kahn, 2013). These lowered transportation
costs. They also enabled firms to keep their headquarters in megacities, such as Beijing, Shanghai, and Guangzhou, and transfer capital
and technology for production activities to the interior (Lemoine et al., 2015).

Overall, it suggests a process of restructuring is underway, whereby regionalism gives away towards inter-provincial production
fragmentation. Increasingly, industries in central and western provinces appear to participate in China’s domestic production network
through the provision of intermediate inputs to exporting firms in coastal provinces (Meng et al., 2017; Meng, Wang, & Koopman,
2013; Pei et al., 2017). The implications for tasks specialization in China’s domestic production network is an empirical matter. We
present an empirical exploration in subsequent sections.

3. Data

This section presents the data to study China’s domestic production networks. We first discuss the construction of Inter-Provincial
Input-Output tables. Next, we describe the use of census data. Details are relegated to Appendix A.

3.1. Inter-provincial input-output tables

Inter-provincial input-output tables describe economic flows between province-industry pairs. Such tables are often used to
examine the interdependence of subnational areas (Xing et al., 2015; Mi et al. van Assche & van Biesebroeck, 2018). Yet, a key dif-
ficulty in the construction of IPIO tables is the measurement of inter-industry inter-province transactions. Occasionally, detailed survey
data is available to measure internal trade. For example, the Japanese Ministry of Economy, Trade and Industry reports internal trade
statistics from local customs offices based on production and distribution surveys (Ikeuchi, Belderbos, Fukao, Kim, & Kwon, 2015).
However, most countries do not measure internal trade flows using surveys. Instead, scholars estimate internal trade using imputation
methods. This is also the case for existing inter-provincial input-output tables for China, where internal trade flows are estimated using

2 Xing et al. (2015) use existing inter-provincial input-output tables for 1997, 2002, and 2007. These tables are further discussed in section 3. The
tax invoices Xing et al. (2015) use are from 2003 to 2009. Xing et al. (2015) do not combine tax invoices and input-output tables to examine the
evolution of China’s production network.

3 Input sourcing is defined in a narrow sense as taking place within industries across provinces.
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a variety of econometric approaches (Xing et al., 201 5).4

This paper uses VAT invoices which provides direct measurement of inter-firm transactions collected by the China General State
Administration of Taxation. VAT invoices report the sales value, the location of the firm, and provide a 4-digit industry classification of
the firm. Inter-provincial trade is observed if the selling and buying firm are located in different provinces. If firms are located in the
same province it is intra-provincial trade. By aggregating transaction values, inter- and intra-provincial trade flows by province-
industry pairs are calculated for 2003 and 2012.°

A firm is required to pay VAT if it sells a product to another firm. The tax administration has implemented a rigorous tax-collection
system that inspects and audits the VAT paid by taxpayers throughout China. There is also a built-in mechanism that motivates firms to
report accurately on the value of their transactions. This is because the firm’s VAT liability equals its VAT in sales invoices minus the
VAT in purchasing invoices. VAT invoices therefore appear to provide a reasonable measure of internal trade. However, VAT data is
not without limitations. In particular, the tax administration uses a size threshold for the VAT invoices they provide to us. Only data of
firms with annual merchandize transactions above 5 million yuan are provided. Many small firms that pay VAT are not included as a
result, but their share in production is limited. For example, in 2004 large firms accounted for about 90% of total manufacturing sales
(Xing et al., 2015). Furthermore, small firms typically sell their products locally. Hence, not including small firms may not have a
substantial effect on our measurement of inter-regional production networks. Another limitation of using VAT invoices is that intra-
firm transactions - deliveries between branches of multi-plant firms - are not covered by VAT invoices. These have likely grown in
importance, implying our analysis may underestimate the expansion of China’s domestic production network.

We obtain input-output tables for 31 provinces from the National Bureau of Statistics (NBS).° These are available for 2002 and
2012. We use these tables to derive Supply and Use Tables (SUTs) for each province, which is described in Appendix A.2. SUTs have
products in its rows and industries in its columns, and can thus be easily combined with the VAT trade flows that are product-based and
worker data (discussed below) that is industry-based.

The VAT inter-firm transactions are combined with the provincial SUTSs to create the Inter-Provincial Input-Output tables for 2002
and 2012. The compilation of the IPIOs is described in Appendix A.3. The IPIOs show how the output of a given industry in a given
province is divided between intermediate use and final consumption by all other province-industry pairs in China. The IPIOs provide
data on n; = 39 industries and n, = 31 provinces, and also include a column with international exports by each province-industry pair.
The basic structure of the IPIO for a given year is shown in Fig. Al.

3.2. Wages and occupations of workers

We use the 2000 and 2010 China Population Census. We obtained access to the 0.1% samples of the censuses, with approximately
1.2 million (1.3 million) observations for 2000 (2010). We observe where an individual is located, its occupation, and its industry of
employment. We use this information to measure occupational employment shares by province-industry pairs.

We follow Timmer et al. (2019) and map occupations to four so-called business functions: production, R&D and technology
development (abbreviated R&D), sales, marketing and distribution activities (Marketing), and other support activities (Other).” This
constitutes a relevant level of analysis as firms tend to organize their activities this way due to internal economies of scale (Porter,
1985).

We can measure business function labor income shares for each of the 1209 (39 industries times 31 provinces) unique province-
industry pairs as in the IPIOs. However, given the sample size, the potential number of observations available to estimate each
share would be limited. We therefore measure occupational employment shares for each of the m;, = 31 provinces by 9 broad sectors.
Shares are assumed equal for more disaggregated sub-sectors. To measure relative wages by occupation, we use the 2002 and 2013
China Household Income Project (CHIP) survey. We then combine the relative wages with occupational employment shares by
province-sector pairs to derive labor income shares by province-sector-year-function.® This is described in greater detail in
Appendix A.4.

4. Methodology

This section describes the methods used to measure inter-provincial sourcing of intermediate inputs (subsection 4.1), domestic

4 A selective overview: a 1997 inter-regional input-output table was the result of a joint research project by IDE-JETRO and the China State
Information Center (Meng et al., 2017). A table for 2002 was independently produced by the China State Information Center. Inter-regional input
output tables for 1997, 2002, and 2007 were used by Xing et al. (2015), a 2002 and 2007 table by Zhang and Qi (2012), a 2002 table by Xu and Li
(2009), and a 2012 table by Mi et al. (2018).

5 Ideally we use VAT invoices for 2002 and 2012 since provincial input-output tables are available for 2002 and 2012 (discussed below).
However, digitalized VAT invoices are only available for the period when the State Administration of Taxation completed its electronic tax man-
agement system, which is from 2003 onwards. See Appendix A.1 for further details.

¢ More precisely, the PRC consists of 22 provinces, four municipalities directly linked to the central government and five autonomous regions, so
31 administrative divisions in total.

7 The mapping of occupation income shares to activities is exhaustive and shown in Appendix Table A2,

8 Occupational employment shares from the 2000 (2010) Population census are used in combination with relative wages from the 2002 (2013)
China Household Income Project survey. We thank Ms. Lin Guo for sharing the dataset.
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value added in exports (4.2), and functional specialization in international trade (4.3). We first define the variables used.

A product is either exported, domestically consumed, or used as an intermediate input. Let e be a njn, x 1 vector of exports, where i
denotes products and p denotes provinces. Let f be a njn, x 1 vector denoting domestic consumption (final consumption plus capital
formation). Let z be a njn, x 1 vector denoting the use of product i as an intermediate input in province p. The njn, x 1 vector of output s
is thus split between exports, domestic consumption, and intermediate inputs:

s=e+f+z 1)
Next, note that:

Z = AS @

where A is the njn, x njn, domestic intermediate input coefficients matrix with typical element Ayp(a,b) denoting the amount of in-
termediate input a used to produce one unit of good b, where a and b are made in any province p. The symbol “ indicates the output
vector s is put on the main diagonal of an njn, x njn, matrix with zeros otherwise. Z is the njn, x njn, matrix of intermediate inputs flows
between province-industry pairs that is estimated using the VAT invoices.’

Let m be the njn, x 1 vector of imported intermediate inputs from abroad. Then, let v be a njn, x 1 vector of value added, which is
output minus domestic and imported intermediate inputs. Value added v is the sum of capital income, v, and labor income, v;.

Let B be a matrix of dimension k x n;n,, where k is the number of different business functions. A typical element of this matrix, b,
denotes the labor income share of workers performing business function k for product i of province p.

4.1. Inter-provincial sourcing of intermediate inputs

Without introducing further notation, we note that the IPIO tables can be used to measure the sourcing of intermediate inputs from
other provinces and from abroad. That is, domestic inter-provincial sourcing is the sum of intermediate inputs sourced from all other
provinces in China as a share in total intermediate use in that province. Similarly, the share of intermediate inputs imported from
abroad can be measured by dividing imported intermediates by total intermediate use.

These shares are descriptive, but relate to earlier studies of inter-provincial trade by China (Poncet, 2004). Furthermore, the share
of imported intermediates closely relates to a measure commonly known as the broad measure of offshoring (Feenstra & Hanson,
1999). In a similar vein, the share of imports from other provinces can be interpreted as a broad measure of inter-provincial offshoring.
Trends for these measures are presented in subsection 5.1.

4.2. Domestic value added in exports

We trace domestic value added in exports to examine where value is added in China’s domestic production network. The domestic
contribution is the value that is added by the industry that exports the product, but it also involves value added contributions of other
domestic province-industry pairs that contribute indirectly through the delivery of intermediate inputs. Accounting for these indirect
contributions requires the use of inter-provincial input-output tables.

The nnp x 1 vector s® represents total gross output that is produced in each province-industry for exports. It is measured as:

s=(I—-A)"e 3)

where I is a njn, x nn, identity matrix with ones on the diagonal and zeros elsewhere, and e and A are gross exports and the domestic
intermediate input coefficient matrix. (I — A) ! is the well-known Leontief inverse matrix which ensures that all output related to
exports, direct and indirect, are taken into account.

Let the nin, x 1 vector d° be the amount of domestic value added from each province-industry pair embodied in exports. Following
Los, Timmer, and de Vries (2016), it is derived by pre-multiplying s*

d° = Vs* 4

where V is the matrix (ny1, x njn,) with diagonal element vy, representing the value added to gross output ratio for industry i in province
p and zeroes on the off-diagonal elements. Note the vector d® contains value added generated in industries that export as well as in non-
exporting industries through the delivery of intermediate inputs. Summation of d® provides the domestic value added of China
embodied in its exports.

Proper adjustment of s® in (3) allows us to measure characteristics of the domestic inter-provincial production network. In
particular, if we keep the export value of i by province p and set all other elements of e to zero, the vector d° returns domestic value
added from each province-industry pair embodied in that export value. This allows us, for example, to obtain the value added of a
province embodied in the exports by another province, which will be labeled VAX_D#P.'° Total domestic value added in exports of i
from province p, is the sum of value added by industries in all provinces, denoted VAX_D?.

° Note that in input-output analysis, products and industries are used interchangeably.
10 VAX D is the term used by Los and Timmer (2020), who aim to clarify terminology in the use of various global value chain measures.
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To analyze inter-provincial production fragmentation, we use VAX_D in network analysis as in Amador and Cabral (2017). Network
analysis requires to determine nodes and set a condition for domestic value added flows that defines the links (edges) between the
nodes. In this paper, nodes are the (p = 31) provinces. Links between provinces are based on a condition that aims to identify only those
provinces that supply a substantial share of domestic value added in exports by a province. It is set such that we can visualize and
interpret the network. That is, network analysis needs to capture relevant economic relations between provinces. We experimented
with several thresholds and set it at 1.5%.""

The orientation of the links (edges) is based on shares of provinces in the VAX D of other provinces. This implies that we examine
directed networks. That is.

VAX_D
Lif o] 1.
) i S 100% > 1% ©

app =
0 Otherwise

Combining each binary value ay, generates a n, x n, connectivity matrix.'? The connectivity matrix is binary. Since we use binary
information, we examine an unweighted network and thus focus on the extensive margin of domestic value added flows between
provinces embodied in exports. Result using network analysis are presented in subsection 5.2.

4.3. Functional specialization in international trade

In a final step, we trace the type of activities that contribute to domestic value added in exports using the methodology introduced
by Timmer et al. (2019). This requires pre-multiplying d° in (4) by matrix B. Then:

G=Bd (6)

where d° is put on the main diagonal of an njn, x njn, matrix with zeros otherwise. Matrix G is of dimension k x njn, and the typical
element gx;, represents domestic value added by function k in product i of province p embodied in exports.®

We adapt the Balassa index (Balassa, 1965) to examine the functional specialization of provinces in China. Originally, the Balassa
index refers to relative trade performance by comparing a province’s share in world exports of a product to the province’s share in
overall exports. We follow Koopman, Wang, and Wei (2014) and examine trade performance on the basis of VAX_D. Note that Gy, is the
income from function k in province p embodied in exports. The functional specialization (FS) index for function k in province p is then
defined as:

/55
ESy = ——L L @

5,60 [ 5,56,

The numerator measures the share of function k in overall functional income from province p that is embodied in exports. The
denominator calculates the income share of this function of all provinces in exports. If the index is above one, the province is said to be
specialized in that function. The results will be presented in subsection 5.3.

5. China’s domestic production networks

Subsection 5.1 examines sourcing of intermediates from other provinces. Next, we employ input-output techniques to account for
inter-provincial flows of domestic value added. These are used in subsection 5.2 to analyze the formation of production networks
within China. Using network tools, we find evidence for cross-provincial production fragmentation during the 2000s. Finally, sub-
section 5.3 examines the location of activities in production networks. We document that richer (coastal) provinces orchestrate
production networks, specializing in R&D, logistics and marketing, while production activities increasingly occur inland.

5.1. Inter-provincial trade in intermediate inputs

Table 1 shows estimates for the sourcing of intermediates in 2002 and 2012. Columns 1 and 4 show the share of intermediates

1 1ower (higher) values result in a denser (sparser) network. Amador and Cabral (2017) set the threshold at 1%. Trends in network metrics
discussed in section 5.2 are qualitatively similar when we set the threshold at 1 or 2%.

12 The connectivity matrix has 31 x 31-31 = 930 potential links (edges).

13 Domestic value added in exports by business function is measured by the costs of workers that carry it out. The sum across all functions thus
equals the overall wage bill in gross exports. Hence, domestic value-added from activities in gross exports is the labor income that accrues to the
provinces’ workers. This is our preferred unit of analysis because employees tend to work and live in a geographical area. Capital income, which is
the remainder when wages are subtracted from value added, is often hard to track to the ultimate recipients. Clearly, due to cross-border in-
vestments the location of the assets used in production need not equal the location of their owners. Also, assets are hard to allocate to a particular
activity. For example, computers are used in many business functions.
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sourced from within the province. The local sourcing of intermediates appears low in Beijing and Hainan, where about a quarter of
inputs is sourced locally. This contrasts to Hubei and Shandong, where over three quarter of inputs are sourced locally.

A broad measure of inter-provincial offshoring is the share of intermediates from other provinces for the production of manu-
factures in a province. This measure is shown in Table 1 columns 2 and 5 for 2002 and 2012. It varies considerably across provinces. It
ranges from as low as 8% in Shandong to as high as 46% in Anhui in 2012.

In 18 out of 31 provinces, the share of intermediates sourced from other provinces increased. It increased substantially in several
north-eastern provinces such as Jilin, from 6% to 18%, and in Heilongjiang from 12% to 28% between 2002 and 2012. Also, several
central provinces, such as Hubei and Shaanxi report substantial increases.'? The increase is also notable in coastal provinces, such as
Guangdong, and Zhejiang, which account for a major share of exports. In Zhejiang the share increased from 4% in 2002 to 25% by
2012. The trend in Guangdong, China’s main exporting province, closely follows the aggregate trend. This aggregate weighted share of
inter-provincial trade (see the top row of Table 1) increased from 15 to 21% between 2002 and 2012.

The policy reforms and infrastructure investments (discussed in section 2) may have reduced fragmentation costs, which resulted in
increased inter-provincial trade. As discussed, this pattern is opposite to that observed for the 1990s. However, it is not obvious that
production would fragment across provincial borders during the 2000s. Bai and Liu (2019) examine a policy reform in 2004 regarding
financing of VAT rebates. Due to fiscal pressure, the central government shifted part of the VAT rebate burden to provincial gov-
ernments. In the new situation, local governments have to finance 25% of the VAT rebates. This also applies to any non-local goods that
are bought and subsequently exported by local trading companies, for which the local government does not collect VAT revenue in the
first place. Local governments therefore have an incentive to discourage sourcing by trading companies from non-local manufacturers,
for example by delaying refunds. Bai and Liu (2019) find evidence of rising local protectionism due to the policy reform. In fact, our
findings suggest that this is not reflected in aggregate trends.

Inter-provincial trade in intermediate inputs varies by product. This is illustrated in Fig. 1, which shows the share of intermediates
from other provinces for two major manufacturing products, namely textile and automotives (all products that can be distinguished are
shown in Table 2). The size of the bubbles is proportional to the volume of the product’s gross output in the province in the initial year
2002. The bubbles for textile and automotives reveal variation in the spatial location of production. For textiles the bubbles indicate
several coastal provinces, notably Jiangsu, Zhejiang, and Shandong, account for the majority of textile output. In fact, cities in Zhejiang
are known by the textile product in which they specialize, such as Datang, known as ‘sock city’ and Shengzhou the ‘necktie capital of
the world’.

The geographical concentration of textile production contrasts to what is observed for automotive production. Fig. 1 suggest sizable
car production in many provinces, pointing at a more even distribution of production across provinces. That may relate to efforts by
provincial governments to establish local firms in the automotive industry (discussed in section 2). Yet, clearly provinces such as
Hubei, Shanghai, and Jilin that form the heart-land of China’s automotive industry have the highest output of automotive products.

A diagonal line is added to visualize whether sourcing from other provinces is higher in 2012 compared to 2002. Sourcing of
intermediates from other provinces went up for both textile and automotives. That is, most observations in Fig. 1 are above the di-
agonal. For Zhejiang we observe a noticeable increase in inter-provincial sourcing of inputs for textile products.

However, the increase in inter-provincial trade in intermediates varies by product. For textiles the weighted average share went up
slightly, from 13 to 14%. In contrast, for automotives it doubled, increasing from 14 to 28%. This suggests an increase in cross-
provincial suppliers that provide inputs for cars and other vehicles.

Table 2 shows changes in the sourcing of inputs by product for 2002 and 2012. The top row provides the weighted average share for
all manufactures combined. Subsequent rows present shares by product.

Between 2002 and 2012, the share of intermediates sourced from within the province decreased from 74 to 67%. This is partly
due to more imports of intermediates from abroad, which went up from 11 to 13%. But it is mainly due to the sourcing of intermediates
from other provinces, which increased from 15 to 21%.

Subsequent rows show substantial variation across products. The share of intermediates imported from abroad fell for many of
the ‘traditional’ manufactures, such as textile, leather, paper, and wood products. For leather, for example, the share of intermediates
imported from abroad fell from 11 to 5%. This trend is also observed for transport products (from 12 to 11%). Yet for several other
products the share of intermediates from abroad increased. Most notably electronics, for which the share increased from 16 to 27%.

The share of intermediate inputs imported from other Chinese provinces increased for all products distinguished. However, as was
illustrated in Fig. 1, the increase differs substantially across products. It rose fastest for automotive and slowest for textile products.
Other products for which we observe a fast increase in sourcing of intermediates from other provinces are machinery equipment (rising
from 16 to 23%), electric equipment (from 15 to 23%), and fabricated metal products (from 14 to 22%).

These descriptive statistics suggest an expansion of domestic production networks that vary by product. Note, however, that this
section examines the share of imported intermediate inputs in total intermediate use. It measures the direct inputs in production, or the
first stage of production. Yet, the production of intermediates itself requires additional production activities that take place both across

14 In several central and western provinces, such as in Sichuan and Qinghai, the share of intermediates sourced from other provinces decreased
between 2002 and 2012. Yet, these provinces had a high share of intermediate inputs imported from other provinces in the initial year. Also, they
are poorer on average. In the early 2000s, the ratio of average real GDP per worker in the five provinces with the highest income to that of the five
central and western provinces with the lowest income was almost 4:1 (Tombe & Zhu, 2019). Over time, income convergence took place. The
observed changes in inter-provincial trade for several inland provinces may thus reflect improvements in the capabilities of local firms, alleviating
the need to source intermediates from other provinces.
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Table 1
Intermediate input shares by province, 2002 and 2012.

Share in 2002 of: Share in 2012 of:

Intermediate inputs Intermediate inputs Intermediate inputs Intermediate inputs Intermediate inputs Intermediate inputs

sourced within from other imported from sourced within from other imported from

province provinces abroad province provinces abroad

@™ 2) 3) @ 5) (6)
Aggregate 0.74 0.15 0.11 0.67 0.21 0.13
Provinces
Beijing 0.36 0.41 0.24 0.23 0.45 0.32
Tianjin 0.42 0.20 0.38 0.62 0.20 0.18
Hebei 0.79 0.17 0.04 0.78 0.13 0.08
Shanghai 0.93 0.05 0.02 0.31 0.37 0.32
Jiangsu 0.82 0.12 0.06 0.69 0.18 0.13
Zhejiang 0.84 0.04 0.12 0.64 0.25 0.11
Anhui 0.34 0.60 0.06 0.36 0.46 0.18
Fujian 0.84 0.09 0.08 0.78 0.14 0.08
Jiangxi 0.31 0.11 0.58 0.75 0.18 0.07
Shandong 0.72 0.03 0.24 0.87 0.08 0.04
Guangdong 0.70 0.15 0.14 0.60 0.21 0.20
Guangxi 0.40 0.51 0.09 0.66 0.22 0.12
Chongqing 0.76 0.01 0.23 0.52 0.35 0.12
Yunnan 0.76 0.18 0.06 0.61 0.27 0.12
Gansu 0.49 0.30 0.20 0.55 0.29 0.16
Ningxia 0.67 0.26 0.07 0.42 0.36 0.21
Qinghai 0.70 0.12 0.18 0.80 0.11 0.10
Xinjiang 0.82 0.13 0.04 0.62 0.23 0.14
Hainan 0.10 0.13 0.77 0.25 0.39 0.37
Liaoning 0.74 0.21 0.04 0.67 0.20 0.13
Hunan 0.55 0.31 0.14 0.71 0.21 0.08
Hubei 0.96 0.01 0.03 0.85 0.12 0.03
Jilin 0.89 0.06 0.05 0.74 0.18 0.08
Shanxi 0.69 0.26 0.05 0.64 0.23 0.12
Shaanxi 0.82 0.13 0.05 0.39 0.40 0.20
Neimeng 0.66 0.29 0.05 0.64 0.24 0.11
Guizhou 0.60 0.35 0.04 0.54 0.32 0.14
Sichuan 0.58 0.41 0.01 0.83 0.12 0.04
Henan 0.70 0.28 0.02 0.63 0.27 0.11
Heilongjiang ~ 0.78 0.12 0.10 0.57 0.28 0.15
Tibet 0.25 0.72 0.03 0.48 0.42 0.10

Notes: intermediate input shares for manufacturing goods. See section 4.2 for measurement of intermediate input shares. Aggregate shares are a
weighted average.
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Fig. 1. Share of intermediate inputs sourced from other provinces, by product in 2002 and 2012.
Notes: This graph shows the share of intermediates sourced from other provinces in total intermediate input use for 2002 and 2012. The share is
calculated by province for textile and automotives using the inter-provincial input-output tables for 2002 and 2012. The size of the bubble is
proportional to the volume of the product’s gross output in the province in the initial year 2002.
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Table 2
Intermediate input shares by product and origin, 2002 and 2012.

Share in 2002 of: Share in 2012 of: Nominal
Gross output

Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate value in 2012
inputs sourced inputs from inputs imported inputs sourced inputs from inputs imported (billions of ¥)
within province other provinces from abroad within province other provinces from abroad
Manufacturing 0.15 0.11 0.67 0.21 0.13 84,042
goods
Of which:
Chemicals 0.73 0.15 0.12 0.71 0.19 0.10 12,349
Metal 0.71 0.19 0.10 0.64 0.21 0.15 10,699
Food products 0.78 0.14 0.07 0.77 0.17 0.06 9221
Equipment 0.74 0.16 0.11 0.65 0.23 0.11 7744
Electronics 0.70 0.14 0.16 0.55 0.18 0.27 7281
Transport 0.74 0.14 0.12 0.62 0.28 0.11 7006
equipment
Electric 0.76 0.15 0.10 0.66 0.23 0.11 6017
equipment
Other mineral 0.77 0.15 0.08 0.72 0.22 0.06 4673
Petroleum 0.63 0.22 0.15 0.41 0.24 0.36 3967
Textiles 0.75 0.13 0.12 0.81 0.14 0.05 3750
Fabricated 0.74 0.14 0.12 0.69 0.22 0.09 2710
Metal
Leather 0.77 0.12 0.11 0.79 0.17 0.05 2589
Paper 0.77 0.13 0.10 0.74 0.19 0.07 2214
Wood products 0.76 0.14 0.10 0.77 0.18 0.05 1658
Other 0.77 0.14 0.09 0.71 0.20 0.09 969
Office 0.74 013 013 0.60 0.20 0.20 887
machinery

Notes: This table shows the share of intermediate inputs by origin (local, from other provinces, international) in total intermediate input use for 2002
and 2012. The share is calculated by province and product using the inter-provincial input-output tables for 2002 and 2012. Scrap and waste goods
are not shown. Products ordered by gross output value (in billions of current Yuan) in 2012. See Appendix Table A.1 for full industry descriptions.

Chinese provinces and outside the country. Due to the rapid increase in intermediates trade, such effects are likely sizeable. The next
subsection uses the inter-provincial input-output tables and network tools to examine inter-provincial fragmentation of production.

5.2. Inter-provincial production fragmentation: Network properties

This subsection examines properties of China’s domestic production network based on inter-provincial flows of domestic value
added. The production network for automotives is illustrated in Fig. 2. The figure shows the development of directed binary networks
between 2002 and 2012. Provinces are connected (ap, = 1) when the share of value added embodied surpasses the threshold defined in
(5). A visual inspection of the networks reveals they have become denser. This increase is clearly more pronounced for automotives
compared to textiles (see Fig. B1 for textiles).

Hubei is one of the major automotive producing provinces (illustrated by the size of the bubble in Fig. 1). Yet, Hubei appears to
have no major linkages whereby intermediate inputs are sourced from other provinces in 2012. It is not that such inter-provincial trade
flows are absent. It is simply that these flows fall below the 1.5% threshold due to the large amount of value added from Hubei province
in its exports of automotives. To understand the evolution of China’s production network, the graph is therefore not sufficient and
should be complemented by absolute values of inter-provincial trade (discussed in the previous subsection) and other network metrics,
which we discuss below.

We discuss four network metrics that are often used to illustrate production fragmentation (Amador & Cabral, 2017). These are
shown in Fig. 3. As before, we show the measures for textile and automotive products. But we also discuss production fragmentation for
fabricated metal and electronics products as well as aggregate manufacturing. Table B1 provides metric values for each product.

First, consider the average network degree in the top left panel of Fig. 3. It measures the average number of client/supplying
province relations by product. For each product we observe an increase in the average degree between 2002 and 2012. Hence, with the
intensification of trade in intermediates among provinces, networks have become more complex as more provinces are involved in
each other’s export of products. The level and the change in the average degree indicates this trend is more pronounced for auto-
motives and electronics compared to textile and fabricated metal.

The average geodesic distance (top right panel of Fig. 3) measures how close provinces are to each other. It can be interpreted as a
measure of production fragmentation, because a decrease in the measure indicates that the ‘path’ between provinces has shortened.
Over time, we indeed observe a declining trend pointing at inter-provincial production fragmentation.

The bottom panel of Fig. 3 shows two measures that aim to capture how important specific provinces are in networks. The reci-
procity correlation (bottom left panel) indicates to what extent ties are reciprocated. A predominance of asymmetric relations would
point at a hierarchical structure and is reflected in negative values. This is not the case; values are positive pointing at reciprocal
relations. The reciprocity correlation starts at low levels but increases over time.
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Fig. 2. Network graph for automotives, 2002 and 2012.
Notes: This graph shows the development of directed binary networks for automotives between 2002 and 2012. Provinces are linked if a,, = 1, with
the threshold defined in (5). For automotives, ay, = 1 for 115 out of 930 cells in 2002, increasing to 222 in 2012.

The degree of assortativity is shown in the bottom right panel. Studies of international trade flows typically find a disassortative
mixing (i.e. negative values for the degree of assortativity), because a few countries are big and central to the global economy, acting as
hubs for other smaller countries. In contrast, we obtain positive values (except for electronics in 2002). In addition, for some products,
such as electronics and fabricated metal products the degree of assortativity increased, suggesting the involvement of provinces in
electronics and fabricated metals production became more evenly spread over time. For other products, such as textiles and auto-
motives, the degree of assortativity decreased pointing at agglomeration of production stages in specific provinces. Despite the ten-
dency for textile and automotives, the degree of assortativity is positive.

These metrics suggest the structure of China’s inter-provincial trade is less concentrated compared to the structure of interna-
tional trade. In the latter, a few central countries dominate. Supply or demand shocks to critical countries in the production network
may then form cascade effects and propagate to the rest of the global economy (Carvalho & Tahbaz-Salehi, 2019). Within China this
appears to be a less salient feature, as the reciprocity correlation and degree of assortativity suggest a less centralized inter-provincial
network and hence a network that might be more resilient to asymmetric shocks.

11
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Fig. 3. Network metrics for aggregate and selected products, 2002 and 2012.

Notes: This graph presents network metrics for all manufactured products combined, and for textile, fabricated metal, automotive, and electronic
products separately. The measures are based on inter-provincial domestic value added flows related to China’s exports, employing the inter-
provincial input-output tables for 2002 and 2012. Appendix Table B1 provides values of the network metrics by product.

5.3. Exploring the nature of China’s domestic value-added in exports

The previous subsections documented the increase in intermediate inputs sourced from other provinces and the evolution of
production networks within China. It also documented patterns that differ by product, likely due to differences in the potential for
production fragmentation. This subsection examines whether fragmentation resulted in functional specialization.

Table 3 provides aggregate statistics of gross exports and its domestic value added content. The first row shows gross exports, which
increased more than fivefold from 2783 billion to 14,510 billion yuan between 2002 and 2012. Domestic value added in exports,
VAX_D, also increased (the second row). In fact, it increased at a faster pace compared to gross exports. As a consequence, the domestic
value added content of exports increased from 70 to 72% (see bottom row of Table 3). This is consistent with other studies that
document an increase in the domestic content of exports during a comparable period (Kee & Tang, 2016; Koopman et al., 2012).

The other rows of Table 3 provide a decomposition of labor income from exports into income by activity. Most labor income is from
production activities, accounting for about 70% (588/839*%100%) in 2002. Also, most of the absolute increase in domestic value-added
is from production activities, increasing by more than 2000 billion yuan between 2002 and 2012. Yet income from other activities
increased at a faster pace such that labor income from production activities accounted for 61% by 2012 (2654/4344*100%). The
income shares from R&D and marketing increased from 7 to 12 and from 18 to 23% respectively between 2002 and 2012.

Table 4 examines changes in domestic value added in exports by activity for each of China’s 31 provinces separately between 2002
and 2012. Provinces are ranked by the change in value from production activities.

The top ten contributors to the increase in aggregate domestic value added are Guangdong, Jiangsu, Zhejiang, Shanghai, Beijing,
Fujian, Shandong, Hebei, Liaoning and Henan respectively (in bold). Most of these provinces are also in the top ten contributors of
value added from production activities, but not always, which we will discuss below. The top ten contributors from production ac-
tivities account for about 75% of the increase in domestic value added from production activities in exports. Guangdong alone accounts
for almost one third of the change in value added from production activities.

Guangdong is also a top ten contributor to the increase in domestic value-added from R&D, marketing, and other activities.

12
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Table 3
Domestic value-added in exports by activity.
2002 values 2012 values 2012 minus 2002
Gross exports (¢))] 2783 14,510 11,727
Domestic value added in exports (VAX_D) (@3] 1953 10,449 8496
Labor income (€)) 839 4344 3505
of which:
R&D ©)] 59 523 464
Production ©)] 588 2654 2066
Marketing ©) 153 993 840
Other @) 39 174 135
DVA in exports, (2)/(1)*100% 70% 72% 2%

Notes: Gross exports of China (row 1) is the sum of foreign and domestic value added exports. Domestic value added in exports (row 2) is the sum of
income for capital and labor. Labor income (row 3) is split into income from R&D (4), production (5), marketing (6), and other (7), hence (3) = (4) +
(5) + (6) + (7). Values are in billions of current Yuan. Sources: authors’ calculations using the IPIO tables and labor income shares for 2002 and 2012.

Table 4

Change in domestic value-added exports by activity and province.
# Province Total R&D Production Marketing Other
1 Guangdong 908 81 594 189 44
2 Jiangsu 548 85 327 116 20
3 Zhejiang 297 44 156 80 17
4 Shanghai 283 43 130 100 11
5 Fujian 206 26 128 45 7
6 Shandong 163 17 110 34 2
7 Hebei 130 12 97 18 4
8 Henan 115 9 83 17 6
9 Liaoning 117 10 81 24 2
10 Shaanxi 91 7 68 14 2
11 Guangxi 70 4 57 7 2
12 Sichuan 82 9 57 14 3
13 Anhui 82 10 54 17 2
14 Beijing 259 72 50 127 11
15 Hubei 65 6 48 2
16 Hunan 58 5 41 10 2
17 Xinjiang 45 2 36 0.6
18 Shanxi 45 4 32 7 1
19 Heilongjiang 40 3 32 4 0.6
20 Tianjin 71 16 28 21 S5
21 Inner Mongolia 56 8 28 19 0.9
22 Yunnan 23 1 18 4 0.3
23 Huizhou 24 3 16 5 0.6
24 Chongqing 15 2 6 6 1
25 Tibet 5 0.7 3 1 0.2
26 Qinghai 1 -0.1 2 -0.4 —-0.2
27 Jilin -0.5 -0.4 2 -1 —-0.4
28 Ningxia -10 -0.4 -8 —-0.4 -0.5
29 Jiangxi —25 0.7 -17 -9 —-0.7
30 Gansu -53 -3 —42 -6 -2
31 Hainan —205 -12 —148 -37 -8

Total 3505 464 2066 840 135

Notes: Change in domestic value added exports by activity between 2002 and 2012. Values in billions of current Yuan. Provinces are ranked by the
change in nominal value of production activities. Numbers in bold are the top ten contributors to domestic value-added in exports for the activity in
the column. Totals shown in the bottom row equal the final column of Table 3.

However, a top ten contributor in terms of production activities is not always a top ten contributor for other activities, and vice versa.
For example, Henan is a top ten (ranked #8) contributor to the increase in domestic value for production. But it is not a top ten
contributor in terms of R&D or marketing activities (both ranked #12).

Beijing is one of the main contributors to the increase in value added from R&D (ranked #3) and marketing activities (#2). Yet, it
does not account for much of the increase in production activities (#14). This is also the case for Tianjin. Tianjin is a top ten contributor
to the increase in domestic value added from R&D and marketing activities, but not from production activities.
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In sum, the increase in domestic value-added from production activities is largely accounted for by several provinces, most notably
Guangdong, Jiangsu, and Zhejiang. Other provinces, such as Beijing and Tianjin, appear relatively larger contributors to the increase in
value from R&D and marketing activities in exports.'>The main absolute increase in income originates from production activities.
However, the findings documented in Table 3 suggest that income from R&D activities increased almost nine fold and marketing more
than six fold, which compares to a fourfold increase in income from production activities between 2002 and 2012. This suggests a
change in the relative income from business functions towards R&D and marketing, and away from production.

Fig. 4 identifies province-specific specialization patterns. We plot GDP per capita of a province against its Functional Specialization
(FS) index in 2012. Horizontal lines separate observations with FS indices above and below 1. Values of the FS index by business
function and province are given in Table B2.

Panel (a) of Fig. 4 shows that richer provinces tend to have a higher FS index in R&D. Put otherwise, there is positive correlation
between levels of economic development and functional specialization in R&D. Beijing, Shanghai and Tianjin have particularly high FS
indices for R&D. This suggests specialization in R&D is a common phenomenon for richer provinces in China.

Note, however, that it is not a uniform pattern. For a given level of income, one province can be specialized in an activity whereas
another province is not. For example, Jiangxi has an FS index in R&D activities well above 1, but Guangxi not, even though they are at
similar levels of income per capita. Panels (b) and (c) show FS indices for marketing and other activities respectively. Some provinces,
like Liaoning and Guangdong specialize in both activities. Other provinces specialize in only one of them. For example, Shanxi, and
Tibet specialize in marketing activities, but not in other support activities. Zhejiang, and Qinghai specialize in other activities, but not
in marketing. These heterogeneous patterns suggest that there are many idiosyncratic determinants of a province’s functional
specialization pattern. For lower-income provinces specialization patterns also vary widely. As expected, most of them are specialized
in production activities. They are mapped into the north-west quadrant in panel (d). Many provinces in or close to the Pearl and
Yangtze river delta in the (south-)east of China appear to specialize in production activities.

Table B2 provides the FS index by business function in 2002 and 2012. Several provinces such as Henan, Liaoning, Shanxi, Sichuan,
Qinghai, and Jilin appear specialized in R&D activities in 2002. Their initial specialization may relate to the distortive protectionist
provincial policies that were prevalent for many decades (see section 2). However, by 2012 these provinces were no longer specialized
in R&D but in production. We conjecture that falling fragmentation costs may have driven a specialization according to comparative
advantage in performing production tasks.

Overall, the FS indices are suggestive of a regional division of labor within China with richer (coastal) regions orchestrating
production networks that reach deep into the inland regions. Yet, understanding what causes these differences in functional
specialization in trade is an important and interesting avenue for future research. One might speculate it is driven by differential
patterns in domestic value chain fragmentation due to spatial heterogeneity in transportation and communication links. But differ-
ences in specialization could also be driven by the size of the province, the attractiveness for (multi-)national headquarter locations,
geographical characteristics and infrastructure, as well as historical built up of capabilities and networks.

6. Concluding remarks

This paper developed new data to analyze China’s domestic production network. It used VAT invoices to measure internal trade
flows and build inter-provincial input-output tables for 2002 and 2012. Based on the IPIO tables, we document a rapid increase in
inter-provincial trade and the substitution of domestic for imported inputs. These patterns are not obvious. Indeed, they mark a de-
viation from historical trends. Historically, inter-provincial trade has been hampered by a combination of local protectionism, rugged
geography, and limited transport infrastructure. As a result, the post 1978 reforms and opening up of China encouraged an outward
orientation of coastal provinces. That is, coastal provinces developed stronger trade linkages with the global market rather than with
the rest of China. This lasted deep into the 1990s (Poncet, 2005). Our findings show patterns reversed thereafter: fragmentation costs
fell as local protectionism waned and infrastructure developed, which encouraged the formation of inter-provincial production
networks.

This paper then used information on the occupational structure of the labor force from population censuses to characterize the
activities that add value to China’s domestic production network involved in exporting. We measure functional specialization in
domestic trade between provinces based on occupational labor income. Our findings suggest that richer areas such as Beijing, Tianjin,
and Shanghai specialize in R&D and marketing activities and inland provinces specialize in production activities. These findings speak
to an important debate about the transition of China from assembly to knowledge-intensive innovation activities: within China this
process is already taking place.

The analysis presented in this paper is only a first step to understand China’s development and its changing position in global value
chains. Further research is need to understand such pertinent questions, as how the development of China’s domestic production
networks have enhanced China’s position and performance in the global value chains.

The new database was used to document stylized facts on the evolution of China’s production network. The unit of analysis are
provinces. Various official data collection efforts follow this administrative division. Also, borders between provinces have been shown
to have a substantial impact on trade (Lemoine et al., 2015). Yet, activities are often geographically concentrated within provinces,

15 The substantial decline in domestic value added in exports in Hainan is likely due to measurement error. Gross exports of Hainan in 2002 are
about 40 times that in 2012 as reported by the China State Information Center. This contrasts to trade statistics from the national bureau of statistics,
which suggest an increase of Hainan’s exports from 675 to 2810 million yuan between 2002 and 2012.
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Fig. 4. Functional specialization in trade, by province.
Notes: Provinces above the horizontal line indicate specialized in a function (FS > 1). Sources: Authors’ calculations.

such as the electronics hardware cluster in the Shenzhen city of Guangdong province. Studying specialization in these clusters requires
more granular data and alternative methods. For example, by studying the location and characteristics of detailed custom trade data
(Assche and van Biesebroeck van Assche & van Biesebroeck, 2018; Luck, 2019) or using linked employer-employee data (Cheng, Fan,
Hoshi, & Hu, 2019).

The new data is made public to encourage follow up research and the development of complementary data sets. A wide range of
applications are feasible, from examining border effects (Poncet, 2005) to welfare implications (Caliendo & Parro, 2015). Future
research should update the inter-provincial input-output tables to study the evolution of trade and production within China.
Furthermore, the IPIO tables can be embedded in global input-output tables following procedures developed by Meng et al. (2013).
This will enable computation of production length and other indexes to examine the linkages between China’s domestic production
networks and its position in global value chains.

Geographical areas in China appear to differ in their comparative advantage in functions. This carries implications about the impact
of internal production fragmentation on external trade, and relates to studies about the uneven distribution of factors of production
within a country (Brakman & Van Marrewijk, 2013). Clearly, changes in the production structure of each province may also change the
production structure of the economy as a whole and its integration in the global economy.

Finally, the data and network tools will prove relevant to study how shocks propagate in an economy (Carvalho et al., 2017; Tokui
et al., 2012). Our findings for the reciprocity correlation and degree of assortativity suggest an inter-provincial network that is not
strongly centralized and hence a network that might be more resilient to asymmetric shocks. How resilient was China’s production
network to strict lockdowns that were implemented following the outbreak of Covid-19? Lockdowns implemented by local policy-
makers varied in terms of timing and duration until the virus was contained. Pei, de Vries, and Zhang (2021) exploit this in a difference-
in-differences analysis and find products that relied more on imported (domestic) intermediates experienced a sharper (flatter)
slowdown in export growth. We hope the measurement advances in this paper on China’s activities in its domestic production network
will contribute to a better understanding of China’s economic development and its position in the global economy.
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Appendix A. Data Appendix

This appendix describes the construction of inter-provincial input-output tables and the measurement of activities performed by
workers. Subsection Al outlines the VAT data to measure firm-to-firm transactions in intermediate inputs. Subsection A2 describes the
Input-Output tables and the estimation of Supply and Use tables for China’s provinces. The VAT data and Supply and Use Tables are
important building blocks for the inter-provincial input-output tables described in subsection A3. In subsection A4 we outline the
occupational employment and wage data to measure where labor income is generated and the nature of economic activities.

A.1. Value Added Tax data

The Value Added Tax (VAT) invoices we use is census data collected by the China General State Administration of Taxation (SAT). A
firm is required to pay VAT if it sells agricultural or manufacturing products to other firms.'® A typical VAT invoice includes infor-
mation on: the location and a 4-digit industry classification of the selling and purchasing firm, the invoice date, the transaction value
and the VAT. The VAT data of SAT reports the annual sales value of deliveries for every VAT-registered business to any other VAT
affiliate.

The national VAT collection system was established by SAT as part of the Golden Tax Project in 1994 (Xing et al., 2015). In 2003,
the Golden Tax Project entered a new phase when the electronic tax management system was completed, covering the VAT and
transaction values of almost all inter-firm trade. SAT has implemented a rigorous tax-collection system that inspects and audits the VAT
paid by taxpayers throughout China. Its pairwise auditing of VAT invoices detects and rejects fake invoices. VAT evaders must then pay
the unpaid VAT and a fine. SAT has been very successful in reducing fake VAT invoices (Winn and Zhang, 2013). There is also a built-in
mechanism that motivates firms to report accurately on the value of their transactions. This is because the firm’s VAT liability equals its
VAT in sales invoices minus the VAT in purchasing invoices. Hence, firms have an incentive to ask for purchasing invoices that reflect
the transaction value and VAT as well as to provide accurate sales invoices to their buyers.

The VAT data, provided by the SAT, only includes transactions for firms whose amount of transactions is greater or equal to 5
million yuan per year for merchandize producers or above 8 million yuan for other businesses (Gao et al. 2020). Hence, small firms that
fall below the annual sales threshold are not included. Many small firms pay VAT, but their share in production is limited. For example,
in 2004 large firms accounted for about 90% of total manufacturing sales (Xing et al., 2015). Furthermore, small firms typically mainly
sell their produce locally. Hence, not including small firms is unlikely to have a substantial effect on our measurement of inter-regional
production networks. The VAT data we use includes transactions data for firms that sell agricultural and manufacturing products.

The VAT data we use reports the annual sales value from firms in an industry to firms in the same or other industry. If the selling and
buying firms are registered in different provinces, it is inter-provincial trade. If the firms are located in the same province it is an
internal trade of that province. By aggregating transaction values over firms, inter-provincial and intra-provincial trade are calculated.
We use the VAT data for the years 2003 and 2012.'7

The transaction data we are used to build a matrix of inter- and intra-provincial trade flows where each row and each column are
a province-industry. This matrix of trade flows is suitable for analyzing the organization of production networks within China. Yet
there are several limitations. First, we have no information of what is traded between firms. We are therefore not able to determine
whether the inter-firm trade is an intermediate product or an investment inputs. For that, the provincial input output tables are used.
For each province-industry pair, the ratio of intermediate use, capital formation, and final consumption is calculated. These ratios are
put on the main diagonal of a matrix with zeros otherwise and multiplied with the matrix of trade flows (Gao et al. 2020). Second,
transactions by wholesale and retail trade firms are reported, not the value added they generate. Hence, these firms show up large in
the trade flow matrix. Most of these transactions are to final consumers and therefore less likely affect our analysis of production
fragmentation. Third, the VAT data does not include intra-firm trade. Intermediates flows between branches of multi-plant firms
expanded during the period considered (see section 2, main text). It is therefore likely we underestimate the expansion of China’s
domestic production network using VAT invoices.

16 In the 1980s, China replaced the product tax by a value added tax on manufactured goods and imports and a business tax on services. After
January 2012, providers of services also started to pay VAT. Initially this was limited to Shanghai. By August 2013, a nation-wide VAT was levied on
several services. By May 2016, it encompassed all services (Lardy, 2019).

17 Ideally we use VAT data for 2002 since the input-output data (described in the next subsection) is for 2002. VAT data is only available from 2003
onwards after SAT completed its electronic tax management system.
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A.2. Input-output tables and supply and use tables by province

We obtain input-output tables at producer prices for each of China’s 31 provinces from China’s National Bureau of Statistics (NBS)

for 2002 and 2012.'® For each province we obtain a product-by-product Input-Output Table IoT).*°

We use these IOTs to derive province-specific Supply and Use Tables (SUTs).?’ SUTs can be easily combined with trade flows that
are product-based (discussed in subsection A1) and statistics on economic activities by workers that are industry-based (discussed in
A4). The provincial IOTs and the SUTs will be used in subsection A3 for the construction of inter-provincial input-output tables.

SUTs have products in its rows and industries in its columns. In a first step, we generate a supply table for each province. Therefore,
the column sums are estimated using the industrial structure information from annual survey of industrial production (ASIP) and
provincial gross output, and the row sums of the supply table are from the province-specific product-by-product table. The internal
structure of the supply table for each province is unknown. NBS does publish a national supply table for 2002 and 2012. We use the
structure of the national supply table to obtain an initial estimate of the internal structure and then use RAS to reconcile values with the
province-specific column and row sums.”’

In a second step, we derive the use table for each province from the estimated supply table and the product-by-product input-output
table. The use table is obtained under the assumption that a given product is made with the same inputs, no matter in which industry it
is made. This is commonly known as the product-technology assumption (Miller and Blair, 2009) and the preferred approach in the
System of National Accounts 1993 (SNA 1993).

China’s national statistical office has been actively engaged in capacity building at provincial offices. This has helped harmonize
the compilation and improve the quality of provincial IOTs. The public availability of these tables is a signal that NBS is more confident
in its reliability. This contrasts to issues raised about the provincial IOTs from the 1990s that were not made publicly available, see e.g.
Naughton (2003).

A well-known issue about China’s statistics is that the sum of provincial GDP is larger than the GDP of China. In 2012, it is 8.1%
higher. We proportionally adjust such that the sum of provincial GDP equals the GDP of China reported in the China Statistical
Yearbook 2017 (NBS SY, 2017).%2 We adjust province-industry gross output at producer prices by the same proportion. Hence value
added to gross output ratios do not change. Keeping this ratio intact is relevant for the measurement of domestic value added of
economic activities (see eq. 6 in the main text). Final expenditure categories of provinces are also proportionally adjusted such that
they match with the numbers reported in the national accounts. We do not adjust import and export data, which is further discussed
below.**

A.3. Inter-provincial input-output tables

The Inter-Provincial Input-Output Tables (IPIOs) developed here show how the output of a given industry in a given province is
divided between intermediate use and final consumption by all other province-industries within China’s domestic economy.

The IPIO we develop for 2002 and 2012 provide data on n; = 39 industries and n, = 31 provinces, and a column with international
exports. The basic structure of the IPIO for a given year is given in Fig. Al. The units of observations are the nmn, = 1,209 unique
province-industry pairs. The njn, x njn, matrix Z records the flows of output for intermediate use between industries. The entry in row a
and column b equals the use (in million Yuan) by industry-province b of intermediate inputs provided by a. The njn, x 1 vector f
contains for each province-industry the output for final use in China plus a njn, x 1 vector e with exports abroad. Gross output for each
province-industry pair is given by the njn, x 1 supply vector s. Because total supply is by necessity equal to total intermediate and final
use, the following equation has to hold:

s=121,, +(f+e)l,, (A1)

where 1 is a vector of ones and the subscript denotes its dimension. In other words, if we sum up over the elements of Z and (f + e) in a
given row, then we arrive at the corresponding value of s. Similarly, if we sum up over a column of Z to obtain the total worth of

18 More precisely, the PRC consists of 22 provinces, four municipalities directly linked to the central government and five autonomous regions. The
special administrative regions of Hong Kong and Macao are not included.

19 We only have input-output tables for Tibet in 2012, not 2002. The 2002 IOTs for Tibet are estimated. Row and column sums are the 2002 data on
value added by industry and final expenditures from the regional national account and industry yearbook. We use the structure of the 2012 IOTs for
Tibet to obtain an initial estimate of the internal structure for 2002 and then use RAS to reconcile values with the column and row sums.

20 Many statistical offices produce IOTs on the basis of SUTs. Our approach thus appears to be a reverse-engineering process. Note, however, that
NBS does not construct IOTs on the basis of SUTs. Instead, NBS directly constructs IOTs together with Supply Tables using firm surveys that inquire
about the use of intermediate inputs for each product of the firm (and the Use Tables are then derived).

21 RAS is the acronym for an updating technique where the matrix Z is being updated with R containing a diagonal matrix of elements modifying
rows of Z, and S a diagonal matrix of column modifiers.

22 In 2002, aggregated regional GDP was 15% higher when based on the GDP of 2002 as published in the China Statistical Yearbook of 2003. China
recently revised its aggregate GDP numbers upwards. Interestingly, the discrepancy is now less than 0.001% using the 2002 GDP data reported in
NBS Statistical Yearbook 2017 (NBS SY, 2017).

23 We proportionally adjust the final demand categories, except net exports. The adjustment factors are 1.025 in 2002 and 0.887 in 2012 (hence
aggregated regional final demand is 12.7% higher than China’s final demand reported in the Statistical Yearbook of 2017 (NBS SY, 2017).

17



Q. Chen et al. China Economic Review 72 (2022) 101767

intermediate inputs used in a given province-industry and include its imports of intermediates (an element of the 1 x njn, vector m’)
and value added (an element of the 1 x njn, vector v’) we also arrive at total output of this province-industry (the 1 x nn, vector s). %
Value added, v, is the sum of capital income, V;’ and labor income, vi. Labor income is split by income from business functions, which
will be discussed in A4.
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Fig. Al. Structure of the inter-provincial input-output table.

Notes: The data consists of ni industries, and np provinces. Z is the matrix of intermediate use, f is the vector of final demand (excluding exports), m is
the vector of imports of intermediate inputs, my is the imports of final goods and services, e is the vector of exports, s is the vector of gross output,
and v is the vector of value added, which is the sum of capital income v, and labor income v;.

The remainder of this section describes in detail the construction of the Inter-Provincial Input-Output Tables for China in 2002 and
2012. We describe in chronological order the steps that were taken.

Step 1. In a first step, we obtain IPIOs from the China State Information Center for 2002 and 2012. These tables serve as starting
point and are further developed as described below. The construction of the 2002 IPIO is described in Zhang and Qi (2012). The 2012
IPIO was received via personal communication, and will be officially released in the near future. The internal structure of these IPIOs,
the matrix Z see Fig. A1, is estimated based on coefficients of gravity models for eight commodities from rail transportation data (Xing
et al., 2015). We replace the matrix Z using VAT data that directly measure inter-firm transactions, which is described in step 5. The
vector of exports e (dimension n;n, x 1) for 2002 is compiled by the China State Information Center using customs data. The exports
vector for 2012 is taken directly from the provincial Input-Output Tables (see subsection A2). The export data in the provincial IOTs
follows the guidelines of the system of national accounts (1993) and include exports that do not change ownership.?” These pure
processing exports are relevant for provinces with export processing zones and including these allows us to analyze the domestic
production network for all exports of China. In the steps that follow, we do not adjust the vector of exports e.

Step 2. The IPIOs from the China State Information Center have a column called ‘error’. This column arises due to an imbalance
between supply and demand.’® We distribute the error across the final demand categories, except for exports, using the share of each
final demand category in total final demand.?” In case final demand is zero or becomes negative, the error is allocated to changes in
inventories and valuables. This affects final demand f, but not exports e and is therefore inconsequential for our analysis of China’s
domestic production network engaged in exporting.

The 2002 IPIO distinguishes transport services, warehousing services, wholesale and retail trade, but it groups all other services.
Hence, it provides disaggregated data for 29 sectors of the economy, which compares to 42 sectors in the IPIO for 2012. We dis-
aggregated the sector ‘other services’ in the 2002 IPIO in order to have distinguish 42 sectors. For the disaggregation we used the
shares from the provincial I0Ts, and assume no intermediates trade in these services sectors.

Step 3. The IPIOs from the China State Information Center are product-by-product tables. We transform these IPIOs to industry-by-
industry tables. This is needed, because the inter-firm transactions are recorded by industry (see subsection A1) and also the location of
economic activities (see subsection A4).

We have the supply table for each province and use these to calculate the market share matrix. Consider a transposed supply table
for province p (SP)’. Columns now have products and rows industries. Each row shows the product-specific output of each industry.
Each column shows the volume of a specific product produced by each industry. Summation of the columns gives a row vector sP; of

2 A prime ‘denotes transposition.

25 Note that exports in the national IOTs for China excludes exports that do not change ownership. The national I0Ts follow the guidelines of the
system of national accounts 2008. This was confirmed in personal communication with the China State Information Center. For 2012, the sum of
exports from the provincial IOTs, which includes the exports that do not change ownership, is 6.5% higher compared to total exports reported in the
national IOT.

26 The tables are balanced by: Intermediate Inputs + Final Demand + Error = Gross Output + Import.

27 We work with a final demand matrix F of dimension nin, x np. In the final step, we sum over the columns to arrive at the final demand vector f of
dimension njn, x 1.
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good i produced in province p. We obtain the market share matrix KP for province p as follows:
KP = (S°)(diag s°) "

In a first transformation we use the fixed product sales structure assumption, which assumes that each product has its own sales
structure irrespective of the industry where it is produced. The product by product intermediate delivery matrix between any two
provinces, Zproduct by pmductpp, can be transformed to an industry by product matrix:

Vi —KP 7

industry by product ‘product by product

Each column of Zingusiry by product” gives the intermediate inputs from industries in a province p in the production of products in
province p.

In a second transformation we use the product technology assumption, which assumes that each product is produced in its own
specific way irrespective of the industry where it is produced. Under this assumption, the intermediate input of a specific industry’s
production is a weighted average across the intermediate inputs of all products’ production. The weights are the market shares of the
specific industry in the supply of each product. Then, the industry by product intermediate delivery matrix between any two provinces
can be transformed to an industry by industry intermediate delivery matrix between any two provinces:

/i K”’

industry by industry 'product by product

We do this for each of the intermediate delivery matrices between province pairs. The same approach is applied to transforming
final demand and value added.

Step 4. For each IPIO, we replace the vectors of value added and gross output, v and s, by values from the provincial IOTs consistent
with GDP reported in the NBS Statistical Yearbook 2017 (see subsection A2). We also replace totals of the final demand categories from
the provincial IOTs, except for exports. We balance the IPIOs using the bi-proportional RAS technique, with the export vector e fixed.

Step 5. Subsection Al describes the VAT data to measure inter- and intra-provincial trade flows. We use the VAT data to replace
matrix Z in the IPIOs. We again balance using the bi-proportional RAS technique, with the export vector fixed.

Step 6. The sector classification in the IPIO 2002 differs slightly from the IPIO 2012. We aggregate the IPIOs to a common clas-
sification, distinguishing 39 industries. The aggregation to a common industry classification is reported in Table Al. In the previous
steps, we worked with a final demand matrix F of dimension njn, x n,. We sum over the columns to arrive at the final demand vector f of
dimension njn, x 1.

This completes the development of China’ Inter-Provincial Input-Output Tables for 2002 and 2012. Key characteristics of the tables
are that they are consistent with national accounts, industry by industry, and deliveries of intermediates between province-industries
are based on VAT data.

Table Al
Common industry classification for China’s Inter-Provincial Input-Output Table (2002 and 2012).

Number Industry description, common Concordance to industries(s) in Concordance to industries(s) in the IPIO 2012
classification the IPIO 2002
1 Agriculture
2 Coal mining, washing and processing
Crude petroleum and natural gas
3 products
4 Metal ore mining
5 Non-ferrous mineral mining
Manufacture of food products and
6 tobacco processing
7 Textile goods
Wearing apparel, leather, furs, down
8 and related products
9 Sawmills and furniture
10 Paper and products, printing and record medium reproduction
Petroleum processing, coking and
11 nuclear fuel processing
12 Chemicals
13 Nonmetal mineral products
14 Metals smelting and pressing
15 Metal products
16 Common and special equipment Common equipment; Special equipment
17 Transport equipment
18 Electric equipment and machinery ElecFrlc equipment and machinery; Machinery and equipment repair
services
19 Telecommunication equipment, computer and other electronic equipment
Instruments, meters, cultural and office
20 machinery

(continued on next page)
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Table A1 (continued)

Number  Industry description, common Concordance to industries(s) in ~ Concordance to industries(s) in the IPIO 2012
classification the IPIO 2002
21 Other manufacturing products
22 Scrap and waste
Electricity and heating power
23 production and supply
24 Gas production and supply
25 Water production and supply
26 Construction
27 Wholesale and retail trade
Transport and warehousing;
28 Transport, warehousing and post Post
29 Accommodation, eating and drinking
places
30 Information communication, computer service and software
31 Finance and insurance
32 Real estate

Renting and commercial

33 Renting and commercial services . .
services; Tourism
34 Scientific research and general Scientific research; General
technical services technical services
35 Household service and other social Household service and other social services; Water conservancy,
services environment, and public accommodation management
36 Education

Health service, social guarantee and

37 social welfare

38 Culture, sports and amusements

39 Public management and social
administration

Notes: The 39 industries distinguished in the IPIO for 2002 and 2012 are shown in column 2. This common classification involves the aggregation of
several industries in the IPIO for 2002 shown in column 3, and the IPIO for 2012 shown in column 4.

A.4. Labor income shares by activity

Labor income, vector v, is split into labor income by economic activity. Our approach closely follows Timmer et al. (2019). We
distinguish between four possible activities or functions, namely production, R&D, marketing, and other. The labor income of a
particular function is measured by the income of domestic workers that carry out this function. We describe information on the type of
workers involved in a function, characterized by occupation.

Our primary data source for information on the type of workers and their distribution over province-industry pairs is the 2000 and
2010 China Population Census. We obtained access to the 0.1% samples of the censuses, with approximately 1.2 million (1.3 million)
observations for 2000 (2010).28 For each observation we observe where an individual lives, her occupation, and the industry in which
she is employed. We use this information to measure occupational employment shares by province-industry pairs. We could measure
these shares for the 1209 unique province-industry pairs as in the IPIOs. However, this would limit the potential number of obser-
vations per cell.>” We therefore measure occupational employment shares for each of the n, = 31 provinces by 9 broad sectors.’? Shares
are assumed equal for more disaggregated sub-sectors. "’

To measure wages by occupation, we use the 2002 and 2013 China Household Income Project (CHIP) survey (Li and Sicular, 2014).
The survey is collected and compiled by the Chinese Academy of Social Sciences based on a representative sample provided by NBS.
The survey data include a series of individual and household characteristics and information on income. We use information on the

28 sampling weights are not provided. This may introduce bias in the business function shares. From NBS, China’s statistical office, we obtained
industry by occupation data for China (not by province), which NBS tabulated on the basis of 10% samples of the population censuses 2000 and
2010. We compared the shares from the data provided to NBS to the shares based on the 0.1% sample. The shares for China as a whole are very
similar and also the correlation at the industry-business function level is high, ranging from 0.73 (employment share in other activities by industry
in 2010) to 0.995 (employment share in marketing activities by industry in 2000).

29 1.3 million observations divided by 1209 province-industry times 66 occupations is about 16 observations per cell.

30 The 9 broad sectors and their mapping to the 39 industries in the IPIOs, see Appendix Table Al, are: Agriculture (IPIO industry number 1);
Mining (IPIO numbers 2-5); Light manufacturing (6-10); Chemicals, metals, and other manufacturing (11-16; 21-22); Machinery, electronics and
transport equipment manufacturing (17-20); Utilities and construction (23-26); Hotels, restaurants, and distributive trade (27-29); Finance and
business services (30-34); Other services (35-39).

3! The approach to measure shares at a more aggregated level is similar to that described in O’Mahony and Timmer (2009), who used labor force
surveys to infer skill shares by country-industry.
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relative income by broad (1-digit) occupational groups. For example, the income of managers (census codes 101-105, see column 2 in
Table A2) is on average 57% higher compared to production workers in 2013. We combine relative wages with occupational
employment shares by province-industry to derive labor income shares by province-industry-year-occupation.>?

We map the 66 occupation labor income shares to four business functions: production, R&D and technology development
(abbreviated R&D), sales and distribution activities (Marketing), and other support activities.>* The mapping is exhaustive and shown
in column 4 of Table A2.

Table A2
Mapping of occupations to business functions.
Number Code in census Description Business function
1 STATE ORGANS, PARTY AND MASS ORGANIZATIONS, ENTERPRISES AND INSTITUTIONS RESPONSIBLE PERSONS
1 101 Communist Party of China Central Committee and local groups responsible organization OTH
2 102 State organs and their agency heads OTH
3 103 Democratic parties and social organizations and working bodies responsible persons OTH
4 104 Institutional responsible persons OTH
5 105 Enterprises responsible persons OTH
2 PROFESSIONAL SKILL WORKERS
6 201 Science researchers RD
7 202 Engineering and technical personnel RD
8 203 Agricultural technicians RD
9 204 Aircraft and marine technology staff RD
10 205 Health professionals RD
11 206 Economic business staff MAR
12 207 Financial services personnel MAR
13 208 Legal professionals MAR
14 209 Teaching staff RD
15 210 Literary arts staff MAR
16 211 Sports staff MAR
17 212 Journalism, publishing and cultural workers MAR
18 213 Religious professionals MAR
19 299 Other professional and technical personnel MAR
3 STAFF AND ASSOCIATED PERSONNEL
20 301 Administrative office staff MAR
21 302 Security and firefighters MAR
22 303 Postal and telecommunications services personnel MAR
23 399 Other staff and associated personnel MAR
4 COMMERCIAL AND SERVICE PERSONNEL
24 401 Purchasing officer MAR
25 402 Warehouse staff MAR
26 403 Catering staff MAR
27 404 Hotel, tourism and recreation service personnel MAR
28 405 Transportation service personnel MAR
29 406 Health support services staff MAR
30 407 Social services and living service personnel MAR
31 499 Other commercial and service personnel MAR
5 AGRICULTURE, FORESTRY, ANIMAL HUSBANDRY, FISHERIES AND WATER CONSERVANCY PERSONNEL
32 501 Crop production staff FAB
33 502 Forestry and wildlife protection officers FAB
34 503 Livestock production staff FAB
35 504 Fishery production staff FAB
36 505 Water facilities management and maintenance staff FAB
37 599 Other agriculture, forestry, animal husbandry, fishery and water conservancy production personnel FAB
6 PRODUCTION, TRANSPORT EQUIPMENT OPERATORS AND RELATED WORKERS
38 601 Survey and mineral exploration staff FAB
39 602 Metal smelting, rolling staff FAB
40 603 Chemical production staff FAB
41 604 Machinery manufacturing and processing staff FAB
42 605 Mechanical and electrical products assembler FAB

(continued on next page)

32 Relative wages from the 2002 CHIP survey are combined with the 2000 population census to derive labor income shares by province-industry-
occupation in 2002. In this empirical analysis this is combined with the IPIO for 2002. Relative wages from the 2013 CHIP survey are combined with
the 2010 population census derive labor income shares. This is combined with the IPIO for 2012 in the empirical analysis.

33 China’s occupational classification is based on categorizing workers by area of expertise. This is different from e.g. the International Standard
Classification of Occupations (ISCO), which categorizes workers by level of skill. Because workers are categorized by area of expertise, we cannot
distinguish between skilled versus unskilled production activities (e.g. between assemblers and machine engineers of electronic products, see census
code 608 in Appendix Table A2).
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Table A2 (continued)

Number Code in census Description Business function
43 606 Machinery and equipment repair staff FAB
44 607 Electrical equipment installation, operation, maintenance and supply personnel FAB
45 608 Electronic components and equipment manufacturing, assembly, commissioning and maintenance staff FAB
46 609 Rubber and plastic products production staff FAB
47 610 Weaving, knitting, dyeing and printing staff FAB
48 611 Cutting, sewing and leather products processing production staff FAB
49 612 Grain, food and beverage production, processing and feed production and processing staff FAB
50 613 Tobacco and its products processing staff FAB
51 614 Drug production staff FAB
52 615 Wood processing and plywood production staff FAB
53 616 Pulp, paper and paper products production and processing staff FAB
54 617 Building materials production and processing staff FAB
55 618 Glass, ceramics, enamel products production and processing staff FAB
56 619 Radio and television producers, playback and conservation workers FAB
57 620 Printing staff FAB
58 621 Craft, crafts production staff FAB
59 622 Culture, education, sports production staff FAB
60 623 Construction workers FAB
61 624 Transport equipment operators and related workers FAB
62 625 Environmental monitoring and waste disposal staff MAR
63 626 Test, measurement personnel FAB
64 699 Other production, transport equipment operators and related personnel FAB
7 SOLDIER
65 700 Soldier FAB
8 OTHER
66 800 Other practitioners, difficult to classify FAB
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. Ningxia

Heilongjiang

Jilin

Chongqing

Shandong

Fig. B1. Network graph for textile, 2002 and 2012.
Notes: This graph shows the development of directed binary networks for textile between 2002 and 2012. Provinces are linked if ay, = 1, with the
threshold defined in (5). For textile, ay = 1 for 113 out of 930 cells in 2002, rising to 148 in 2012.

Table B1
Network metrics by product, 2002 and 2012.

Average degree Average geodesic distance Reciprocity correlation Degree assortativity

2002 2012 2002 2012 2002 2012 2002 2012
Manufacturing goods 4.48 6.45 1.97 1.72 0.09 0.14 0.08 0.04
Of which:
Food products 2.97 4.06 2.24 1.90 0.07 0.09 -0.19 -0.12
Textiles 3.65 4.77 2.05 1.85 0.08 0.10 0.19 0.12
Leather 4.19 6.29 1.96 1.64 0.09 0.14 0.39 —0.13
Wood products 3.16 5.23 2.10 1.83 0.07 0.12 0.36 0.11
Paper 3.74 5.58 2.03 1.70 0.08 0.13 —0.16 —0.17
Petroleum 3.23 4.23 2.12 1.92 0.07 0.10 0.44 0.24
Chemicals 4.19 5.23 2.00 1.86 0.09 0.11 0.11 0.12
Other mineral 3.58 5.77 2.17 1.75 0.07 0.13 —0.09 0.16
Metal 3.94 6.61 2.06 1.74 0.09 0.14 —0.25 0.15
Fabricated Metal 4.81 6.55 1.79 1.74 0.11 0.14 0.00 0.08
Equipment 4.35 7.00 1.82 1.62 0.10 0.16 —0.06 0.23

(continued on next page)
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Table B1 (continued)

Average degree Average geodesic distance Reciprocity correlation Degree assortativity

2002 2012 2002 2012 2002 2012 2002 2012
Transport equipment 3.71 7.16 1.93 1.53 0.08 0.16 0.24 0.16
Electric equipment 4.68 7.39 1.85 1.66 0.10 0.17 —0.03 0.27
Electronics 3.35 4.74 2.00 1.91 0.06 0.10 —0.06 0.06
Office machinery 3.65 5.03 1.96 1.78 0.08 0.11 0.11 0.12
Other 3.39 4.90 2.13 2.01 0.07 0.11 0.01 0.32

Notes: This table presents network metrics for all manufactured products combined, and by product. The metrics are based on inter-provincial do-
mestic value added flows related to China’s exports, employing the inter-provincial input-output tables for 2002 and 2012.

Table B2
Functional specialization in trade by province, 2002 and 2012.

# Province 2002 2002 2002 2002 2012 2012 2012 2012

RD FAB MAR OTH RD FAB MAR OTH
1 Guangdong 0.62 1.13 0.74 0.63 0.71 1.09 0.88 1.17
2 Jiangsu 0.98 0.96 1.10 1.21 1.28 0.98 0.93 0.90
3 Zhejiang 1.54 0.89 1.13 1.39 1.19 0.88 1.14 1.44
4 Shanghai 1.36 1.00 0.80 1.20 1.23 0.76 1.52 0.98
5 Fujian 1.40 0.95 0.97 1.21 1.03 1.02 0.94 0.89
6 Shandong 0.83 1.04 0.85 1.24 0.71 1.14 0.81 0.80
7 Hebei 1.00 1.04 0.81 1.18 0.73 1.21 0.62 0.79
8 Henan 1.41 0.84 1.44 1.06 0.65 1.18 0.65 1.34
9 Liaoning 1.37 0.91 1.22 0.88 0.68 1.13 0.91 0.40
10 Shaanxi 1.02 1.00 1.05 0.81 0.66 1.21 0.67 0.62
11 Guangxi 0.95 1.03 0.93 0.84 0.45 1.31 0.51 0.69
12 Sichuan 1.64 0.82 1.42 1.09 0.90 1.12 0.77 0.77
13 Anhui 1.07 1.05 0.81 0.81 0.92 1.09 0.86 0.75
14 Beijing 1.71 0.51 2.29 2.30 2.21 0.33 211 1.17
15 Hubei 1.24 0.92 1.24 0.84 0.76 1.19 0.64 0.86
16 Hunan 0.39 1.26 0.41 0.27 0.72 1.17 0.73 0.79
17 Xinjiang 1.36 0.97 0.99 0.86 0.43 1.25 0.73 0.49
18 Shanxi 1.12 0.97 1.08 1.01 0.72 1.19 0.70 0.68
19 Heilongjiang 1.01 0.95 1.13 1.20 0.65 1.29 0.49 0.51
20 Tianjin 1.76 0.79 1.33 1.69 1.75 0.70 1.25 1.84
21 Inner Mongolia 1.18 1.06 0.84 0.46 1.16 0.86 1.38 0.44
22 Yunnan 0.67 1.06 0.94 0.79 0.39 1.25 0.74 0.50
23 Guizhou 1.27 0.96 1.00 1.19 1.06 1.07 0.84 0.73
24 Chonggqing 0.70 1.09 0.85 0.71 0.76 0.97 1.18 1.24
25 Tibet - - - - 1.12 0.95 1.04 1.22
26 Qinghai 1.63 0.82 1.42 1.18 0.60 1.25 0.62 0.48
27 Jilin 1.23 0.94 1.17 0.87 0.57 1.27 0.60 0.51
28 Ningxia 0.98 1.11 0.62 0.79 0.77 1.15 0.78 0.63
29 Jiangxi 1.58 0.74 1.69 1.30 1.74 0.69 1.24 211
30 Gansu 0.91 1.10 0.71 0.83 0.77 1.14 0.76 0.93
31 Hainan 0.79 1.04 0.96 0.82 0.37 1.36 0.46 0.43

Notes: Observations above 1 indicate specialization in a function (FS > 1). Calculated according to Eq. (7), comparing functional income shares in
exports of all goods and services by a province to the same shares for all provinces in China. RD refers to R&D; FAB to production; MAR to sales and
marketing; OTH to other support activities. Source: Authors’ calculations.
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