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ABSTRACT

We construct new interregional input-output tables for China, which
can be used to analyze changes in the interindustry linkages within
and between eight Chinese regions, and their consequences. We
claim that analyses based on these tables yield more accurate results
than analyses using existing interregional input-output tables for
China, because our tables explicitly account for a typical feature of
the Chinse economy: the importance of processing exports activi-
ties. These activities rely heavily on imported inputs and much less
on inputs sourced from domestic regions. Accounting for such dif-

ARTICLE HISTORY
Received 23 May 2020

In final form 26 November
2021

KEYWORDS

Processing trade;
interregional input—output
tables; China; data
construction; interregional
trade

ferences between processing exports and other production activities
reduces aggregation biases. We illustrate the usefulness of the tables
by computing supply chain fragmentation indices for China and
quantifying the biases that are avoided by using our input-output
tables instead of conventional ones. We make our tables (for 2002,
2007 and 2012) publicly available.

1. Introduction

The deepening of international production fragmentation that accelerated in the period
1995-2007 led to a boom in the trade of intermediate goods. Consequently, analyses of
data on gross imports and exports no longer accurately reflect how trade affects value added
and income. They were supplemented by studies adopting the so-called global value chain
(GVC) perspective (Johnson, 2014, 2018; Timmer et al., 2013). To arrive at results using
this GVC perspective, global intercountry input-output (IO) tables are necessary. Their
construction is at the heart of several large research projects (see Tukker & Dietzenbacher,
2013, for an early overview). Many studies analyze the effects of the vast changes in the scale
and structure of China’s trade on the national economy (e.g. Aichele & Heiland, 2018; Chen
et al,, 2012; Duan et al., 2012, 2021; Koopman et al., 2012; Los et al., 2015). But can thor-
ough analyses also be done for regional economies? This issue is important, given China’s
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substantial regional inequalities, in terms of both regional involvement in globalization
and in the nation’s economic growth. Reducing income inequalities across regions has
always been high on the agenda of the Chinese government. A general conclusion of the
existing literature is that China’s interior benefits from China’s export orientation by pro-
viding intermediates to the production of exported products in coastal regions (Duan &
Yan, 2021; Jiang et al., 2017; Meng et al., 2017; Pei et al., 2017; Zhang et al., 2019).! Hence,
issues regarding interregional trade in China are important. Decisions in this policy arena
should be based on solid estimates.

In this paper, we introduce new interregional IO (IRIO) tables for China and make
them publicly available. We argue that interregional supply-chain effects are captured more
accurately in these tables than in currently available equivalents. We argue our new tables
correct biases in earlier tables that ignore the prevalence of ‘processing trade’ activities,
which are featured in China’s economy. The term ‘processing trade’ refers to the three-step
business activity of (i) purchasing all (or part of) the raw and auxiliary materials, compo-
nents and parts, accessories and packaging materials abroad, after which (ii) these goods
are processed and assembled, before (iii) the finished products are re-exported (Yang et al.,
2015).

This feature of China’s economy developed over time and became very unevenly dis-
tributed across regions.? According to China’s Customs statistics, processing exports
comprised about half of the gross exports since the early 1990s. From approximately 2002
onwards, however, this share started to decline, reaching 34% in 2016.

The left panel of Table 1 shows the shares of regional processing exports in the national
totals. In 2012, for example, processing exports from East Coast and South Coast consti-
tuted 75% of China’s total processing exports, while the inland provinces accounted for less
than 15%.> Moreover, processing trade appears to play very different roles in the respective
regions. The right panel of Table 1 gives the share of a region’s processing exports in its total
exports. It shows that processing exports in the South Coast, the most important exporting
region of China, accounted for 48% of its total exports in 2012. In the inland region North-
west, however, this proportion is only 8%. From 2002 to 2012, the shares of processing
exports have decreased for all regions, except the Central Regions and Southwest.

Imported materials for processing trade were exempted from taxes in China. Thisled to
their heavy reliance on imported inputs (Yang et al., 2015). That is, in comparison to regular
manufacturing production, processing exports involves only limited domestic activities. At
the national level, this causes biased results in IO analyses that do not separate processing
exports from other manufacturing production. For example, Pei et al. (2012) show how

T For example, Pei et al. (2017) demonstrate that interior regions tend to specialize in upstream activities (such as providing
natural resources and raw materials) while coastal regions predominantly carry out downstream activities and export final
products. Adopting an environmental perspective.

2 Ma and Van Assche (2016) analyze the factors that affect the location choice of China's export processing plants.

3 Northeast includes Heilongjiang, Jilin, and Liaoning; Northern Municipalities includes Beijing and Tianjin; North Coast
includes Hebei and Shandong; East Coast includes Shanghai, Jiangsu, and Zhejiang; South Coast includes Guangdong,
Fujian, and Hainan; Central Regions includes Shanxi, Henan, Hubei, Hunan, Anhui, and Jiangxi; Northwest includes Inner
Mongolia, Shannxi, Ningxia, Gansu, and Xinjiang; Southwest includes Sichuan, Chongging, Yunnan, Guizhou, Guangxi,
Qinghai, and Tibet. See Appendix B of the Online Supplementary Information for a map. Note that Liaoning, Tianjin and
Guangxi, which are coastal provinces, are respectively included in Northeast, Northern Municipalities and Southwest.
Therefore, the share of processing exports in inland provinces is smaller than the sum of the shares in Northeast, Northern
Municipalities, Central Regions, and Southwest.
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Table 1. Distribution of processing exports across regions, 2002—-2012.

Share of processing

exportsin all
Distribution of processing exports (%) exports (%)
2002 2012 Change 2002 2012 Change

Northeast 4.1 29 —-1.2 45.0 244 —20.6
Northern Municipalities 6.2 5.6 —0.6 57.9 21.4 —36.5
North Coast 6.0 6.8 0.8 423 373 —5.0
East Coast 245 344 9.9 434 40.4 -3.0
South Coast 56.6 40.8 —15.8 73.7 48.2 —25.5
Central Regions 1.1 4.7 3.6 16.0 38.2 22.2
Northwest 0.4 0.3 —0.1 16.5 7.8 —8.7
Southwest 1.0 4.7 3.7 23.6 40.7 171
Total 100.0 100.0 0.0 553 395 —15.8

Notes: The data are from Chinese customs, which provides Chinese annual trade statistics at the HS-8 digit level for different
trade regime and cities. We aggregated them to the regional level.

it inflates China’s exports contribution to economic growth.4 Dietzenbacher et al. (2012)
and Su et al. (2013) demonstrate how it overestimates the importance of international trade
to China’s emissions generation. Yang et al. (2015) show how it underestimates China’s
vertical specialization. Thus, similar biases in regional studies will also lead to misleading
conclusions. So, what are the ‘true’ intra-regional and interregional linkages in China? Can
we at least better articulately separate interregional flows for processing trade and other
manufactured goods?

Of course, in the case of China, accurately answering these questions requires interre-
gional IO tables that differentiate between the production of processing exports and other
production. Such tables are not readily available from any official agencies and need to be
constructed. At the national level, several IO tables have been constructed (Chen et al.,
2001; Koopman et al., 2012; Ma et al., 2015; and Su et al., 2013). Chen et al. (2019) and the
OECD have distinguished China’s production of processing exports from other produc-
tion activities in international IO tables. While various institutions have compiled IRIO
tables for China, none have systemically distinguished processing trade activities across
China’s regions.”

To fill this gap, we construct IRIO tables with separated processing exports (henceforth,
‘IRIOP tables’) for 2002, 2007, and 2012. We describe explicitly how we harmonize, recon-
cile and merge information from a wide range of data sources to arrive at these new tables.®
We make the tables publicly available as online supplementary material. This enables an
important foundation for extensive research on many important issues in China, some

4 Pei et al. (2012) analyzed the contribution of changes in exports to China’s value-added change between 2002 and 2007.
They found to be 32% higher when the ordinary 10 tables were used than when the tables capturing processing trade
were used. Amiti and Freund (2010) found a significant skill upgrade in China’s total exports between 1992 and 2005, but
they found no evidence of skill upgrading when processing exports were excluded from total exports. See also Dean et al.
(2011), Johnson and Noguera (2012), Koopman et al. (2012), and Upward et al. (2013).

> Pei et al. (2017) only split the processing exports from the total exports in the IRIO tables (without estimating the inter-
mediate input coefficients and value added coefficients of processing exports industries). They admit that this is only a
half-way treatment, and formal IRIO tables that fully distinguishing processing trade are required to conduct more accurate
analyses.

6 The IRIOP tables can be downloaded (as excel-files) from the Online Supplementary Information on the journal’s website,
or the corresponding author’s personal homepage.
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of which we already have briefly discussed. The tables can also be used to answer ques-
tions related to environmental policy, if linked to satellite accounts on energy use, carbon
emissions, environmental pollutants, etc.

By way of illustration of the relevance of the IRIOP tables, we also show how disre-
garding the different production technologies and sourcing patterns of processing exports
activities and how regular production activities lead to biases in computing recently devel-
oped indicators of supply chain fragmentation (Timmer et al., 2021). This has important
implications for investment in infrastructure related to interregional transportation.

2. IRIOP tables and their construction
2.1. Structure of IRIOP tables

The general structure of an IRIOP table is shown in Figure 1, which depicts a two-region
case to keep the exposition simple. Compared with a standard IRIO table, the unique fea-
ture of the IRIOP table is that the production of each sector in each region is divided
into two types: the production of processing exports and ordinary production. Processing
exports includes two types of export regimes: Processing & Assembly’ (P&A) exports and
‘Processing with Imported Materials’ (PIM) exports.” Ordinary production then incorpo-
rates all production for the domestic market and the production of ‘ordinary’ exports (i.e.
any exports but processing exports).

Before introducing the main parts of Figure 1, we introduce some notational principles
regarding the use of indices. The subscript indices 7, j, and k represent sectors, the subscript
indices , s, I, and w represent regions, and the superscripts represent the different types of
production and products, that is, (output of) ordinary production activities (O), (output of)
processing exports production activities (P), and (output of) foreign sectors, i.e. imports
(M).8 The cells in the IROP table contain monetary values (10,000 of RMB), expressed in
current, basic prices.

An IRIOP table contains several parts: the matrix ZO (with typical element zgg ) gives
the intermediate deliveries from ordinary production in region r to processing exports pro-
duction in region s”; the matrix ZM© (with typical element zﬁ\go) gives the imports used as
intermediate inputs for ordinary production in region s; the (row) vector (vf )’ (with typical
element VSP;-) gives the amounts of value added generated in the production of processing

exports in region s; the vector x¥ (with typical element x&) gives the gross output levels
of ordinary production in region s; the vectors el (with typical element ef) and e? (with
typical element e9) contain processing exports and ordinary exports by region r, respec-

tively; the vectors cg (with typical element cgi) and f,? (with typical element ,?Z-) represent

7 P&A trade and PIM trade differ in terms of ownership and payment for the imported materials. Under P&A trade, materials
and components are supplied by a foreign company and processed by a Chinese enterprise on a consignment basis. Own-
ership of raw materials and components remains with the foreign company. The Chinese enterprise (i) does not pay for
the imported materials, and (ii) receives a processing fee. After processing and assembly, the finished products are owned
by the foreign company, which distributes them further. In contrast, under PIM trade, a Chinese enterprise purchases the
raw materials and components. It becomes the owner of the imported commodities. After processing and assembly, the
Chinese enterprise exports the finished products to foreign customers.

8 Bold-faced lowercase letters are used to indicate vectors, boldfaced capital letters indicate matrices, italicized lowercase
letters indicate scalars (including elements of a vector or matrix). Vectors are columns by definition, row vectors are
obtained by transposition, denoted by a prime (e.g. x’). Diagonal matrices are denoted by a circumflex (e.g. X).

9 For brevity, we give the meanings of parts of the table related to specific activities (e.g. 0) or pairs thereof (e.g. OP). Similar
meanings apply for similar parts of the table.
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Figure 1. Schematic outline of the IRIOP table (2-region case).

Intermediate use Final use
EX | TOT
Region r Region s Region r Region s INV »
P (0] P o DFC | FCF | DFC | FCF
Region | P 0 0 0 0 0 0 0 0 0 el | xP
rolo|ze |z |29 |29 | o |62 | eq | 82| a2 | e | x
Region | P 0 0 0 0 0 0 0 0 0 el | xf
s |02y | 20 | Ly | Z30 | e | f5 | ci | f5 | qf | ef | x7
IMP zvP | gMo | gup | gmo | oM | gm | oM M [ | g | oy
£ V) | () | () | (v
ToT | (x7) | (x7)" | (x5)" | (x¢)'

Notes: P = production of processing exports; O = other (or ordinary) production; DFC = domestic final consumption;
FCF = fixed capital formation; INV = inventory changes; EXP = exports; TOT = gross sector outputs or total imports;
IMP = imports; VA = value added.

the sectoral deliveries of ordinary products from region r for final consumption and fixed
capital formation in region s, respectively; the vector q¥ (with typical element q9) gives
the sectoral inventory changes of ordinary products in region r; the vectors cM (with typ-
ical element c?l” ) and fSM (with typical element fS]lVI ) give the sectoral imports used for final
consumption and fixed capital formation in region s; the vector m gives the sectoral total
imports by all regions. Note that re-exports are not included.

2.2. Overview of available information

The availability of consistent and reliable data is often regarded as a major barrier to con-
struct a new IO table (Peters et al., 2011). In the ideal case, data for all the variables in
the IRIOP table are obtained through a series of comprehensive surveys. But conducting
such surveys is extremely time-consuming and expensive, i.e. such data are not readily
available. Therefore, we develop a semi-survey approach that uses a combination of survey
data, some proportionality assumptions, and RAS.1°

We primarily used four data sources. First, national IO tables that capture processing
trade (NIOP, for more see Table A.1 in Appendix A of the Online Supplementary Informa-
tion), a set of conventional IRIO tables, international trade statistics from China’s Customs,
and China’s Regional Economic Accounts (REA). The Chinese Academy of Sciences (CAS)

10 The RAS method is commonly used to bi-proportionally scale a matrix of unbalanced preliminary estimates of an
unknown real matrix to prescribed row and column sums (Stone & Brown, 1962; Bacharach, 1970; Lenzen et al., 2009,
2014). Itis a mainstream semi-survey technique and is widely used in estimating interregional trade flows (Mi et al., 2018;
Zheng et al., 2019). While other complex forms of the algorithm exist, we stick to the conventional algorithm to balance
each block of the tables.
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and the National Bureau of Statistics (NBS) compiled the NIOP tables.!! They include 42
sectors and are available for 2002, 2007, and 2012 (see Chen et al., 2001; Chen et al., 2012).12

The IRIO tables are derived from the national IO tables and provide all inter- and intra-
regional deliveries in a country. The State Information Center (SIC) and the NBS (Zhang
& Qi, 2012) compiled the IRIO tables that we used. They are available for 2002, 2007, and
2012, cover eight regions but just 17 sectors (see Appendix B of the Online Supplementary
Information for the definition of the regions and Appendix C for the sector classification).!3
Provinces are grouped into regions not only based upon geographical proximity but also
based on the similarity of their macroeconomic environments (e.g. stages of economic
development). While the regions assure the capture of several key economic characteristics,
they inevitably obscure much economic heterogeneity.

The third type of data that we used are the international trade statistics from China’s
Customs. For each province, they have detailed data on exports and imports based on the
origins and destinations of the deliveries of goods.!* The imports of a province thus give the
value of the foreign commodities that are consumed or used in this province. The exports
of a province indicate the delivery abroad of commodities for which the production, or the
final assembly, or the original dispatch occurred in this province (NBS, 2017). The data are
not only by commodity (at eight-digit Harmonized Commodity Description and Coding
System, i.e. HS for short), but also by trade regime (e.g. P&A trade, PIM trade, and ordinary
trade) and by firm type (e.g. foreign-invested enterprises and domestic enterprises). The
HS eight-digit data are further aggregated using the NBS concordance table, which yields
the trade data of processing trade and ordinary trade classified by the IO sector at the
regional level.

The last data source we have used are the REAs published annually by the NBS. They
provide value added for several broad industries (including agriculture, manufacturing,
construction, trade and transport, and other service sectors) at the province level.'> More-
over, the provincial totals for final consumption, fixed capital formation, and inventory
changes are also taken from the REAs.

" Koopman et al. (2012) also constructed a 2007 NIOP table using quadratic optimization. We used the tables from the CAS
and the NBS, since they are semi-official, publicly accessible and are available for more years.

12 The original CAS and NBS NIOP tables are not ‘bipartite’ but rather are ‘tripartite’. This is because ‘other production’ was
splitinto two parts: production of domestic enterprises to satisfy domestic demand, and a combination of the production
of non-processing exports and the production of foreign invested enterprises to satisfy domestic demand. Due to data
limitations, however, this split of other production cannot be made at the regional level.

13 Also, other institutes (e.g. the Development Research Centre of the State Council of China) have constructed Chinese IRIO
tables, using different compilation methods and different classifications of provinces into regions. We have used the SIC-
NBS tables not only because they are semi-official and publicly accessible but also because they adhere to the division of
regions that is most common in China.

™4 In China’s Customs statistics, two types of provincial trade data are available. One type is based on the source or destina-
tion of a delivery, the other type is according to the location of trading companies. Usually, the two types of trade data
show significant differences. Products that are produced in one province are often exported (or imported) by a trading
company that is located in a different province (Fu, 2004). For example, the exports of Guangdong by origin of goods are
about 9.3% larger than the exports by location of trading companies in 2016 (NBS, 2017). In this paper, we have used data
based on provincial trade statistics by origin or destination of a delivery. This is because in an interregional |0 table we are
particularly interested in knowing the region in which an imported product is used and in knowing the region in which
the exported goods were produced.

15 The correspondence between this broad five-category classification and the 17-sector classification in the interregional
10 table is given in Appendix C of the Online Supplementary Information.
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2.3. Inconsistency issues and some underlying construction principles

2.3.1. Inconsistencies

The use of different data sources implies conflicts between the sources. For example, ideally,
aggregating the NIOP table over the two types of production and aggregating the IRIO table
over the regions should both give the national IO table. This is not the case, however; all
variables (except value added) show clear discrepancies.!® This is not surprising because
the NIOP and the IRIO tables are based on different data. The NIOP tables are based on the
official national IO tables and the IRIO tables are largely based on provincial IO tables. In
the rest of this subsection, we summarize the main inconsistency issues across data sources.

First, P&A imports are treated differently in NIOP tables from IRIO tables and national
IO tables for 2007 and 2012. Recall that P&A imports are materials that are owned by for-
eign companies and that are supplied to Chinese enterprises to produce P&A exports. This
production involves processing and assembly activities for which the Chinese enterprises
receive a processing fee. The national IO tables and the IRIO tables record just these pro-
cessing fees and not the P&A imports and exports themselves.!” The NIOP tables, however,
aim at reflecting the underlying technology of the processing sector. All imports (including
P&A imports) used to produce processing exports are therefore recorded as intermediate
inputs. As a result, imports, exports, and outputs are all larger in the NIOP tables than in the
IRIO and the national IO tables. If we subtract the P&A imports from the corresponding
items in the NIOP table, it is basically consistent with the official national IO table.!®

Second, the value of trade differs considerably at the regional level between the IRIO
table and China’s Customs’ statistics. Part of the explanation is that P&A imports are
included in both the imports and the exports in China Customs’ statistics, but not in the
imports and exports in the IRIO tables. However, after deducting the P&A imports from
Customs’ statistics, considerable gaps still remain between the two sources. In the NIOP
tables, on the other hand, merchandize trade is basically consistent with China’s Customs
statistics and with the official national IO tables (provided we correct for the different
treatment of P&A imports).

Third, discrepancies exist also between IO tables and the REAs. For example, in 2007,
Chinese GDP in the NIOP table is 3.5% lower than national value added (i.e. provincial
GDP summed over the 31 provinces) in the REAs. This is not surprising, given the huge
gaps between the sum of provincial GDP and nationwide total GDP mentioned by Holz
(2004). Sources are not consistent at the regional level either. For example, value added in
South Coast is 5.7% lower in the IRIO table than in the REAs.!”

16 For example, the total exports in 2007 are 24.6% larger in the NIOP table than in the IRIO table.

17 China’s national and regional 10 tables treat processing trade following the SNA 2008 system. Chinese customs provide
the value of total exports and P&A exports, while BOP (Balance of payment) provides the information for processing fee.
The export value in official 10 tables is arrived by minus P&A exports from total exports plus processing fee. It worth
mentioning that though processing fee is accounted as part of service trade in BOP, it is treated as trade in goods in
Chinese 10 tables.

'8 This inconsistency issue does not exist for 2002. For that year, P&A imports were included both in the national |0 table
and the IRIO table. This was in line with the SNA 1993 guidelines.

19 According to Zhang and Qi (2012), the value added in the IRIO table is obtained by adjusting the value added in provincial
10 tables to the official national 10 tables.
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2.3.2. Underlying principles and choices

The inconsistencies discussed above imply that choices and adjustments need to be made
in the actual construction of an IRIOP table. In this subsection, we describe some choices
that we made and their underlying principles.

First, reliable and accurate trade statistics received the highest priority in connection to
the separation of processing exports production from ordinary production - the distin-
guishing feature of IRIOP tables. This implies that the NIOP table (rather than the IRIO
table), which are basically consistent with China’s Customs’ statistics (while the IRIO tables
are not), was our preferred data source. This is because China’s Customs is the only official
institute to monitor international trade and is responsible for the trade statistics following
strict regulations.

So, we use the NIOP table as a benchmark and distribute two types of production in
it across regions. Thus, a spatially aggregate IRIOP table yields a NIOP table. The distri-
bution is obtained from the IRIO tables, which reflect the input linkages across regions.
Another advantage of our approach, which takes the NIOP table as the benchmark, is
that all imported materials for processing exports (including P&A imports) are recorded
as intermediate inputs in the IRIOP tables. Thus, they provide a full picture of the input
structure of processing exports production.

We give the REAs the next highest priority; They are officially published and more
authoritative than other data sources. Data on regional value added, final consumption,
and fixed capital formation are taken from the REAs and not from the IRIO tables, which
also embody these variables. But data from the REAs first must be rescaled, so they match
with the NIOP table - the national benchmark for our approach.

Third, we match the 42 sectors in the NIOP tables to the 17 sectors in the IRIO tables.
We could have tried to disaggregate certain IRIO sectors, because more sector detail gen-
erates more accurate results (as argued by Su et al.,, 2010). But splitting sectors requires
additional data that were not readily available and, further, might lead to results as biased
as the aggregates if the additional data are sufficiently inaccurate. Therefore, we have cho-
sen to aggregate the NIOP tables in line with the IRIO sector classification. (See Appendices
B and C of the Online Supplementary Information for the details on regions and sectors.)

2.4. The construction approach

To construct the IRIOP tables, the variables in Figure 1 are estimated. We estimate them
blockwise and balance the IO tables blockwise as well, instead of balancing the table all at
once as many others have (Mi et al., 2018; Zheng et al., 2020). By doing so, we keep the
table as consistent as possible with available data and minimize information loss. The esti-
mation in Step 1 includes the processing exports and ordinary exports, domestic inventory
changes, and outputs, all at region-sector level; Step 2 covers the imported final consump-
tion and fixed capital formation; Step 3 deals with value added and Step 4 estimates the
intermediate use of imports (i.e. the import matrices). These four steps together with
the NIOP tables constrains the domestic intermediate-input matrix, while the domestic
final-demand matrix ensures balanced IRIOP tables.

Step 5 yields the intermediate input use, the final consumption, and the fixed capital
formation, all for domestically produced goods and services. Steps 3, 4 and 5 assure reason-
able initial estimates for each variable upon which the RAS balances the table and assures
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its consistency with the official statistics. In the rest of this subsection, we sketch the main
construction steps; details are in Appendix D in the Online Supplementary Information.

2.4.1. Step 1: exports, inventory changes, and outputs
This step estimates the exports (vectors el and e? in the case of country r), inventory
changes (q?), and outputs (x]r‘D and x?) in IRIOP tables.

Exports. For manufacturing sectors, region-sector data for processing exports and for
ordinary exports are obtained by aggregating data from China’s Customs’ statistics. The
region-sector data are scaled to match the export data in the NIOP tables. Processing
exports of services mainly are wholesale and retail trade margins but also are other services
used when processing exports of manufactured goods. Estimates of processing exports of
services at the regional level are regional distributions of the processing exports of services
in the NIOP table and based upon each region’s share of processing exports in manufac-
turing. Ordinary exports of services at the regional level are estimated via the regional
distribution of ordinary exports of services from the NIOP tables by using the regional
distribution of sector-specific services exports in the IRIO tables.

Domestic inventory changes. Note that a region’s inventory changes are the inventory
changes in the whole of China regarding products delivered by that particular region. We
adopted a two-step procedure to estimate it at the region-sector level (the elements g9 of
the vector q°). First, we took regional totals of the inventory changes for region r from the
REAs and distributed over the sectors using shares based on the sector-specific inventory
changes for region r from the IRIO table (i.e. §°, where a tilde indicates that the variable is
from an IRIO table). This yielded the initial estimate of g. Next, we rescaled these initial
estimates such that the aggregation over the regions equals the inventory changes in the
NIOP table (i.e. @°, where an overbar indicates that the variable is from a NIOP table).

Outputs. By definition, the output of processing exports production is the exports them-
selves (i.e. x” = ef). To arrive at the regional output of ordinary production (x2), we
first estimate the domestic sales of regional ordinary production (d° = x0 — q¥ — ¢9). At
the national level, the domestic sales are obtained from subtracting the ordinary exports
and inventory changes from the output of ordinary production in the NIOP tables, i.e.

d’=x0 - q° — &°. Next, we distributed these domestic sales by regions of origin using
the regional distribution of domestic sales in the IRIO table, i.e. d =% — q, — €. This
then enabled estimates for d°, after which we defined regional gross output levels in the
IRIOP table via x© = d9 + q© + e?.

2.4.2. Step 2:imported final demands

This step estimates the vectors of imported final consumption (cM), imported fixed capi-
tal formation (fIrVI ), and imported inventory changes (qM ). We distinguish between imports
that are only used for producing processing exports (which we call processing imports) and
imports for other purposes (which we call non-processing imports). We also distinguish
between merchandise goods (sectors 1-15) and services (sectors 16 and 17). By definition,
only non-processing imports can be used as final demand. Therefore, for merchandise
goods, we adopted the revised BEC (‘broad economic categories’) (Dietzenbacher et al.,
2013) to allocate the region-commodity-specific nonprocessing imports from China’s Cus-
toms statistics into three use categories: ‘final consumption’, ‘fixed capital formation’, and



ECONOMIC SYSTEMS RESEARCH (&) 575

‘intermediates’.> We then aggregated the data into the 17 IRIO sectors and scaled them
to match with the imported final demands from the NIOP table. We thus obtained the
regional imports used for consumption (c!) and for fixed capital formation (f}1). In addi-
tion, we also obtained the total imports that are used as intermediate inputs in ordinary
production (3~ zM© in the IRIOP table).

J

rij

Processing imports are, by definition, exclusively used as intermediate inputs in the
production of processing exports. We aggregate the region-commodity-specific process-
ing imports from China’s customs statistics into the 17 IRIO sectors and scale them to
match the processing imports from the NIOP table. For merchandise goods, this yields the

region-commodity-specific processing imports in the IRIOP table (i.e. the totals ) zﬁ\gp ).
j

For services, we distribute the sector-level total imports data from the NIOP table over
the regions using the allocation of merchandize imports. The imported inventory changes
(gM) are directly obtained from the NIOP table.

2.4.3. Step 3:value added
Values added for sector j in region s is obtained via RAS. The initial estimates follow
from the value-added coefficients from the NIOP tables (i.e. T/JP /56}) and T/JQ /&jo). These

are combined with region-sector outputs from step 1 (i.e. xﬁ; and xg). The column con-
straints follow directly from the NIOP table, i.e. ) vﬁ; = ;,JP and ) Vg- = T/jo. For the row
N N

constraints, we use the REA data. They include value added at the regional level (not distin-
guishing between P and O) for five broad sectors. One is manufacturing, IRIO sectors 2-14.
Its total value added is Vs manufacuring> Which we split into value added by IRIO sector using
region-sector-specific value added from the IRIO table (vg) to get IROP value added ¥ for
all 17 IO sectors. By summing, we can get national value added for industry j as T/JP + szo
(using the NIOP table), as well as ) Vsj (using REA data). Given the inconsistency between

N
data from REAs and NIOP tables and our preference for benchmarking on NIOP data, we
split T/JP + T/JO by region using v;. This constrains rows vﬁ; + vg = (T/JP + T/]Q) (i}Sj /> i},j).
r

Finally, we apply RAS using the initial estimates and the set of given row and column sums.
Subsequently, we also estimate the components of value-added (i.e. compensation of labor,
fixed asset depreciation, net indirect production taxes, and operating surplus) for all indus-
tries and all regions by both types of production (production of processing exports and
ordinary production).

2.4.4. Step 4:import matrices

We use RAS again to estimate industry use of imports by region. As initial values we use
information from the NIOP tables. We then assume that for the same production type (e.g.
processing exports P), the national use of imported intermediates applies across all regions,
although levels of use vary across them. The initial import matrices in the IRIOP table are
20MP — 22./”) [(xg — VS-) / (&}) — T/JP )], where xs and vs are obtained from the IRIOP table

Si

20 A major advantage of this revised BEC method is that it allows a good to go into more than one category.
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(and estimated earlier) and z z P is the import matrix of processing exports from the NIOP
table.

There are three constraints that should be satisfied by ng and ZSZ]O First, summing

zﬁ‘gp and zsij over the regions should yield the corresponding import matrix in the NIOP

table. That is, Z z?fp = Ef}’lp in the case of production of processing exports. Second, aggre-

gating z Sl] and zsy over the destination sectors (e.g. Y zP) yields the total imports of

sij
product i by region s for intermediate use. These totais were obtained in step 2 above.
Third, for each region-sector the sum of imported inputs cannot be larger than the total
amount of inputs that is required. In other words, the domestic intermediate inputs cannot
be negative. RASing results in final estimates for le] P and le] .

2.4.5. Step 5: domestic intermediate deliveries and final demands

In this step, we estimate the matrices with domestic intermediate deliveries ( with ele-

ments erz] and Z with elements erg) and the domestic final demand vectors (cQ with

ZOO

elements c¢; and f with elements f©). All these variables should be consistent with the
variables estimated in prior steps to ensure balanced IRIOP tables. To this end, we adopt
a hierarchical estimation method. We first estimate the sub-aggregates of the elements in
the target matrix, and then use the sub-aggregates as column or row constraints to estimate
the target matrix. By doing so, we minimize information loss.?! The estimation procedure
includes three parts, each of which uses RAS.

In step 5.1, we estimate the total intermediates and the fotal final demands of each
product i, provided by each origin region r. The total is obtained by summing over the desti-
nation regions. The estimation is done by splitting the total region-sector-specific domestic
sales that we obtained in Step 1 (i.e. dg) into the three use categories: total intermediate
use (yg), total final consumption (ctg ), and total fixed capital formation (ftg ). Initial val-
ues for RAS are assigned by splitting the sector-level national intermediate use (or national
final consumption, or national fixed capital formation) from the NIOP tables among origin
regions using information from the IRIO tables. Meanwhile, y2, ct, ft9 are subject to two
constraints. First, aggregating y%, ct9, and ft9 across origin regions should exactly yield
the corresponding elements at the national level in the NIOP table. Second, the sum of y,

ctQ, and ft9 must equal d< for any r and i.

In step 5.2, we estlmate the domestic final demands (c2,, £J) by using RAS agaln The

initial values for c%; and 2 are obtained from the IRIO tables Meanwhile, the ¢, and <

rsi rsi
are subject to two constraints. First, aggregating 2, and £ over the destination regions
s gives the totals that were estimated previously in part 5.1 (i.e. ¢t and ft9). Second,
aggregating ¢<; (f9) over the origin reglons and adding the 1mported final consumption
M (imported fixed capital formation f2) must yield the total consumption (fixed capi-
tal formation) consumed by each region, which is obtained by adapting NIOP data with

information from the REAs.

21 The hierarchical estimation here follows a similar logic to TRAS (three-stage RAS). However, there are too many additional
constraints other than the row and column sums, so we use the hierarchical estimation to simplify the algorithm. The
estimation can make sure the domestic intermediate deliveries and final demand are exactly consistent with the variables
in the NIOP tables, and therefore will yield more accurate estimations with minimum information loss (Gilchrist & St Louis,
1999).



ECONOMIC SYSTEMS RESEARCH (&) 577

In step 5.3, we estimate the domestic intermediate deliveries (z2F and zm 9). To this

end, we first allocate the intermediate dehverles from the NIOP table over the dest1nat10n

regions (that is, we first estimate ztS?JP Z zmj and ztS(I)JO Z zm] 9). Then, we allocate

these estimates over the origin regions.
Based on previous steps, the IRIOP tables contain estimates for the total intermediate
inputs used by each region s and sector j. That is, x Z ZSIJ vs and xg -3 MO
i

These are further split over sectors of origin using the input structure in the IRIO tables.

This yields the initial values for ztOJP and zrosyo Further, ztS?JP and zg,? are subject to two

constraints. First, aggregating zt9

si (zm] ) over regions should give the national intermedi-

ates deliveries in the NIOP tables Second, aggregatmg 2t

5 (zm] ) over the origin sectors

should equal to x” Z Sl] (or x Z zSU —vg ) Based on the initial values and

tOP tOO

and zt ;" is obtamed from the RAS procedure.

OP (0]0]
tsy and ztﬂ]

the initial values we use the IRIO tables for this allocation. Meanwhile, z& Zysii P and zm] are

subject to two constraints. First, aggregating zm] and zm] over destination regions s and

constraints, the solutlon for z

Then we estimate z¥' and z9 by allocatlng z

reif reif over the or1g1n reglons For

destination sectors j should yield the total 1ntermediates supplied by each region-sector y
(obtained in step 5.1). Second, aggregating zOF (z09) over origin regions should yield the

rsij \“rsij

sector-level intermediates consumed by each region-sector ztszj (zts(;o) Finally, the RAS
procedure results in the estimate of the domestic intermediate deliveries matrix. Note that
we use the NIOP tables, which are balanced, as the benchmark. Therefore, as we ensure the
sub-matrix in each block balanced and consistent with the NIOP tables, our estimations

automatically ensure that we arrive at balanced IRIOP tables.

2.5. Validation analysis

The outcome of conducting all the above-described procedures is the set IRIOP tables for
2002, 2007, and 2012. They each include 17 sectors for 8 regions and distinguish in each
region and sector between production of processing exports and ordinary production. The
constraints we impose during the construction ensure that the IRIOP tables are balanced,
are perfectly align with NIOP tables, and are maximally consistent with the information in
the official statistics and the IRIO tables.

In this subsection, we compare the variables in the IRIOP tables with the existing IO
tables to test the reliability of the IRIOP tables. As previously mentioned, when aggregat-
ing the IRIOP tables across regions, they exactly arrive at the NIOP tables. Therefore, the
variables in the IRIOP tables are consistent with those in Chinese NIOP tables as well as the
official national IO tables (at the national level). We therefore only compare the variables in
the IRIOP tables with those in the SIC-NBS IRIO tables at the regional level. To this end, we
aggregate the variables in the IRIOP tables across different production types, which yields
variables with the same dimension as those included in the IRIO tables. After that, we cal-
culate the correlation coefficients between value added, output, value-added coefficients,
exports, domestic intermediate input and final use in the IRIOP tables and IRIO tables.
Table 2 shows the dimensions of the variables as well as the correlation coefficients (mul-
tiplied by 100). The correlations are all very high, which suggests that the data in the IRIO
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Table 2. Validation Analysis of IRIOP tables.

Variable Description 2002 2007 2012
Value added levels Vectors with 136 elements 99.9 100.0 99.2
Gross output levels Vectors with 136 elements 99.6 99.5 98.8
Value added Vectors with 136 elements 95.6 97.6 96.7
coefficients
Domestic Matrices with 136x136 elements 96.8 98.4 98.1
intermediate
trade flows

across regions

and sectors
Exports levels Vectors with 136 elements 93.4 91.0 96.7
Final demand Matrices with 136x8 elements 99.7 98.5 98.1

Note: All variables are at the region-sector level. The right three columns provide the correlation coefficients between the
variables in the IRIOP tables and the SIC-NBS IRIO tables, multiplied by 100.

data have been little affected by the reconciliation procedures used to arrive at the IRIOP
tables. This is reassuring. The table shows that the exports levels in the IRIOs have been
affected more than have domestic variables. This is not surprising, given our purposeful
choice to attach more importance to exports data in the NIOP and in customs data.

3. Separating processing exports from ordinary production matters, also for
regional analysis!

Chen et al. (2012), Dietzenbacher et al. (2012), Koopman et al. (2012) and Pei et al. (2012)
show that disregarding processing trade leads to serious estimation biases of domestic
value added (DVA) in Chinese exports at the national level. Similar biases are undoubtedly
inherent to similar computations based on conventional IRIO. We, thus, now compare
them to the IRIOP tables introduced in this paper. We compare these two sets of tables
using a recently developed indicator, the Supply Chain Fragmentation (SCF) index (Tim-
mer et al,, 2021). When computed on the basis of interregional IO tables for a specific
country, the SCF index gives the value of all shipments that cross borders (interregional
trade in both goods and services) in all stages of production involved in producing one unit
of final demand. We present the derivation (based on Timmer et al., 2021) in Appendix D
of the Online Supplementary Information, and just present the mathematical expression
in matrix notation here:

(T o {A[(I— A) " (Fuca)]Ducy

—
uc-yFucy

SCFg = (1)

Equation 1 gives the SCF index for the part of final demand considered, the matrix F. If
applied to the interregional IO tables that are central to this paper, the number of regions
is denoted by C, the number of sectors by N and the number of final demand categories by
M, this matrix has dimensions CN x CM. It contains the values of the final demand block
in which we are interested, and zeros elsewhere. By selecting the non-zero elements of F
appropriately, it can relate to, e.g. final demand for products from South Coast, or to exports
from all Chinese regions simultaneously, or to final demand by users in East Coast. uis a
column vector containing ones (the subscript indices give the number of elements). The
NxN blocks along the main diagonal of the CNx CN matrix T contain zeros, while all
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other elements of T are equal to one. The symbol o stands for elementwise (Hadamard)
multiplication. The upper bar indicates a diagonal matrix.

The numerator of Equation 1 gives the value of all interregional trade (wherever in
China) due to the bundle of final demand considered. The denominator gives the value
of this final output. Consequently, the SCF index can be viewed as a weighted average of
SCFs for the output of single sectors in single regions. The index has policy relevance,
for example, because interregional trade requires transport infrastructure. If, for example,
exports from East Coast grow and if a given amount of these exports generate increasing
interregional trade between Northwest and Central Regions in upstream stages of produc-
tion (due to relocation of stages of production), investment in roads and railways linking
these regions might become necessary.

As discussed in the introduction, the input structures of processing exports production
and ordinary production within a sector tend to be different, both in terms of the quantities
of inputs per unit of output and in terms of where inputs are sourced. These input structures
are represented by the matrix A in Equation 1, of which the typical element a,; gives the
value of inputs of sector 7 in region r required per unit of output of sector j in region s.
The heterogeneity between the two types of production is hidden when conventional IRIO
tables are used, while it is explicit in our IRIOP tables. We are interested in getting some
insights into the magnitude of the differences between SCF indices based on the two types
of tables.

To this end, we compare the results based on the IRIOP tables with the results based on
IRIO tables (obtained by aggregating the IRIOP tables over processing exports and ordi-
nary production activities, on a sector-by-sector basis). We make the results for the two
tables comparable (the IRIOP tables have twice as many rows and columns as the IRIO
tables) by specifying the matrix F in Equation 1 appropriately: if we are interested in the
SCEF for a specific subset of final output, we keep the final output in the IRIOP of both
processing exports and ordinary production in that subset unchanged, and set all other
elements to zero.??

Table 3 presents a first set of results. The SCF indices it contains relate to the final
output of each of the eight regions, aggregated over the final use categories. The upper
panel considers final output of all sectors, the lower panel only considers final output of
manufacturing sectors.

A first finding is that the SCFs generally increased in the period 2002-2012, implying
that the domestic parts of value chains fragmented interregionally. In East Coast, for exam-
ple, the IRIOP-based results in the upper panel indicate that in 2012, 1,000 RMB of demand
for its final products generated 300 RMB of interregional trade anywhere in China, while
the corresponding value for 2002 was only 160 RMB. East Coast is an exception, however,
to the general finding that the SCF indices grew mostly in the early subperiod (2002-2007)
and remained much more stable afterwards.

Another finding is that the SCF indices vary considerably over regions. The upper panel
shows that supply chains for final output in Northwest were structured in such a way that
they generated more than twice as much interregional trade as final output of North Coast,

22 The matrix T in Equation 1 has twice as many rows and columns if SCFs are computed on the basis of the IRIOP tables
rather than on the basis of the IRIO tables. The dimensions of the summation vectors u vary accordingly.
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Table 3. Comparison of SCF indices, for the final output of the eight Chinese regions.

IRIOP 2002  IRIOP 2007 IRIOP 2012 IRI0 2002 IRIO 2007 IRIO 2012 DIFF2002 DIFF2007 DIFF 2012

ALL SECTORS

NE 0.16 0.27 0.25 0.15 0.27 0.25 0.00 0.00 0.00
NM 0.27 0.41 0.29 0.27 0.41 0.29 0.00 0.00 0.00
NC 0.17 0.32 0.16 0.17 0.32 0.16 0.00 0.00 0.00
EC 0.16 0.23 0.30 0.16 0.23 0.30 0.00 0.00 0.00
SC 0.17 0.25 0.21 0.18 0.26 0.21 0.01 0.01 0.01
CR 0.21 0.29 0.30 0.20 0.29 0.30 0.00 0.00 0.00
NW 0.32 0.40 0.41 0.31 0.39 0.40 —0.01 —0.01 0.00
SW 0.15 0.25 0.23 0.15 0.24 0.22 0.00 —0.01 0.00
ONLY MANUFACTURING

NE 0.19 0.31 0.29 0.19 0.32 0.29 0.00 0.01 0.00
NM 0.23 0.39 0.25 0.26 0.41 0.25 0.02 0.02 0.00
NC 0.19 0.37 0.20 0.20 0.37 0.20 0.01 0.01 0.01
EC 0.16 0.22 0.32 0.17 0.23 0.33 0.01 0.01 0.01
SC 0.14 0.28 0.22 0.17 0.31 0.24 0.03 0.03 0.02
CR 0.26 0.35 037 0.25 0.35 0.38 0.00 0.00 0.00
NW 0.34 0.44 0.44 0.34 0.44 0.44 0.00 —0.01 0.00
SW 0.16 0.25 0.25 0.16 0.25 0.25 0.00 0.00 0.00

Notes: NE: Northeast; NM: North Municipality; NC: North Coast; EC: East Coast; SC: South Coast; CR: Central Regions; NW:
Northwest; SW: Southwest. The values in columns labeled DIFF have been obtained by subtracting the SCF indices based
on the IRIOP tables from the SCF indices based on the conventional IRIO tables for the same year.

in 2012. The main cause of this difference is related to what Northwestern final producers in
ordinary production activities require in terms of intermediate inputs from other regions.
One might expect that the SCF indices for all final output as presented in the upper
panel of Table 3 are affected by final demand for services, which tend to be produced much
more locally than goods (see Timmer et al., 2021, for results in an international context).
To study this, the lower panel of Table 3 documents the SCF indices if only final output of
manufacturing sectors is considered (see Appendix C for the sectors included). Focusing
on results for 2012, we indeed observe that the SCF indices for manufacturing output tend
to be somewhat higher (North Municipality is the exception). The differences are modest,
however. This appears to be largely due to the fact that the shares of processing exports
production in total production tend to be much larger in manufacturing sectors than in
services. As discussed before, processing exports production relies heavily on imported
inputs, rather than on inputs produced in China. Hence, the final output of processing
exports tends to have lower SCF indices than the final output of ordinary production.
This brings us to the results related to the bias when using conventional IRIOs. The
results in the rightmost part show these biases. A positive value indicates that the SCF
index is overestimated if the conventional IRIO is used, while a negative value points at the
opposite. With the exception of the results for manufacturing sectors in the South Coast,
the biases are very modest. The result for South Coast gives a hint at the cause of the gener-
ally small biases. Looking at final output as a whole might hide heterogeneity. Exports rely
partly on processing exports production with low SCF indices. Domestic final demand,
however, is exclusively on ordinary production with higher SCF indices. If computed on
the basis of a conventional IRIO, the elements of the A-matrix with intermediate input
coeflicients in Equation 1 are weighted averages of the input coefficients for both types of
production. The biases in SCF indices for exports can thus be expected to be positive, while
those for domestically sold final output are most likely negative. In South Coast, a relatively
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Table 4. Comparison of SCF indices, by the final output of the eight Chinese regions, by final use
category.

IRIOP 2002  IRIOP 2007 IRIOP 2012 IRIO 2002 IRIO 2007 IRI0O2012 DIFF2002 DIFF 2007 DIFF 2012
ONLY MANUFACTURING, consumption

NE 0.21 0.29 0.20 0.19 0.27 0.20 —0.02 —0.02 —0.01
NM 0.32 0.48 0.30 0.24 0.44 0.29 —0.08 —0.04 0.00
NC 0.16 0.36 0.17 0.14 0.34 0.16 —0.02 —0.02 —0.01
EC 0.18 0.27 033 0.16 0.24 0.30 —0.02 —0.04 —0.03
SC 0.27 0.51 0.31 0.19 0.40 0.25 —0.08 —0.11 —0.06
CR 0.25 0.31 033 0.24 0.30 0.32 —0.01 —0.01 —0.01
NW 0.36 0.38 0.37 035 0.38 0.36 —0.01 —0.01 —0.01
SW 0.15 0.17 0.18 0.14 0.16 0.18 —0.01 —0.01 —0.01
ONLY MANUFACTURING, Capital goods

NE 0.25 0.34 0.31 0.19 0.27 0.20 —0.06 —0.07 —0.12
NM 0.33 0.50 0.34 0.24 0.44 0.29 —0.09 —0.06 —0.05
NC 0.29 0.45 0.25 0.14 0.34 0.16 —0.14 —0.10 —0.08
EC 0.19 031 0.40 0.16 0.24 0.30 —0.04 —0.07 —0.11
SC 0.31 0.42 0.41 0.19 0.40 0.25 —0.12 —0.02 —0.17
CR 0.32 0.46 0.48 0.24 0.30 0.32 —0.08 —0.16 —0.16
NW 0.47 0.61 0.63 0.35 0.38 0.36 —0.12 —0.23 —0.27
SW 0.22 0.38 0.36 0.14 0.16 0.18 —0.08 —0.22 —0.18
ONLY MANUFACTURING, Exports

NE 0.13 0.27 0.30 0.19 0.32 0.32 0.06 0.05 0.02
NM 0.17 0.35 0.20 0.25 0.39 0.21 0.08 0.05 0.01
NC 0.13 0.30 0.16 0.18 0.37 0.20 0.05 0.07 0.04
EC 0.13 0.19 0.28 0.17 0.22 0.33 0.04 0.03 0.05
SC 0.10 0.24 0.16 0.16 0.31 0.23 0.06 0.08 0.07
CR 0.24 0.32 0.29 0.26 0.37 0.39 0.02 0.05 0.10
NW 0.32 0.41 0.43 0.34 0.41 0.47 0.02 0.00 0.04
SW 0.17 0.24 0.22 0.19 0.27 0.27 0.02 0.03 0.05

Notes: NE: Northeast; NM: North Municipality; NC: North Coast; EC: East Coast; SC: South Coast; CR: Central Regions; NW:
Northwest; SW: Southwest. The values in columns labeled DIFF have been obtained by subtracting the SCF indices based
on the IRIOP tables from the SCF indices based on the conventional IRIO tables for the same year.

large share of final output is produced to meet export demand, so the positive bias reported
for that region gives some support for this explanation.

The results in Table 4 confirm the explanation more systematically. In this table, we focus
on results by type of final use, rather than on all final demand aggregated over uses. The
results are presented for final output of manufacturing sectors. For exports, we find sizable
positive biases, especially for the coastal region and in 2012 also for the Central Regions,
which is a part of China that the government targeted for the development of processing
exports activities in later stages of China’s rise as a manufacturing giant. Not taking the dif-
ferences between the two types of production into account clearly leads to overestimation
of the amount of interregional trade due to further export rises for the Central Regions.

As expected, we find the opposite for the two final uses of manufactured products in
China itself. Especially for capital goods, the negative biases in the SCF indices when
computed on the basis of conventional IRIOs are often very substantial. For household
consumption, we also find negative biases but these tend to be smaller. The differences in
sizes of the biases between consumption goods and capital goods are a consequence of the
differences in the composition of the two product bundles.

The results we present in this empirical illustration shows that the biases that can be
avoided by using the IRIOP tables instead of conventional IRIO tables can either be small
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(Table 3) or large (Table 4). For some research questions, using IRIOs does not cause prob-
lems, but for other questions, the results can be quite inaccurate. Hence, it is up to users to
figure out whether the distinction between the two types of production in the IRIOP tables
is relevant for their specific purposes or not.

4. Summary and conclusion

Processing trade is important to China’s economy, and it is spatially unevenly distributed.
Any good analysis requires adequate data at a minimum. We, therefore, develop a new
interregional input-output table for China that explicitly distinguishes the production of
processing exports from ordinary production. The new tables - for 2002, 2007, and 2012
- contain 17 sectors, including eight regions. After describing the available data, we detail
how the information from the different data sources can be harmonized and reconciled.
Then we give a step-by-step approach to the construction of the tables. The approach is not
only applicable to China. It may also be adopted for countries like Mexico that also engage
in a lot of processing trade activity that is unevenly distributed across regions.

We expected that failing to separate processing exports would yield misleading conclu-
sions for regions as well as for a nation. So, we use the new table to investigate whether
separating the production of processing exports from ordinary production matters when
computing interregional supply chain fragmentation indices. To this end, we compare the
empirical results derived from the new tables with the results derived from an aggregated
version of them. The aggregate combines the two types of production and, thus, results
from it mimics results from ordinary interregional input-output tables that do not dis-
entangle processing trade. We found that inherent biases vary in size and depend on the
question at hand.

Besides yielding more accurate empirical results, IRIOP tables have other advantages.
They can enable answers to questions that cannot be secured from ordinary IRIO tables. An
example of such a question is ‘How is the value added generated by processing exports dis-
tributed over regions and how much does processing trade contribute to regional growth,
regional inequality, as well as the regional environment changes?” By making the IRIOP
tables publicly available, we believe these (and related) questions can be addressed via
improved data. One challenge to constructing a Chinese IRIO table is the absence of official
interregional transactions data. We estimate regional transaction flows by using existing
IO tables in China. A better method might estimate them using firm-level survey data, for
example, the value-added tax invoice data that record transactions among firms. We will
leave this for future research.
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