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Abstract This paper studies the relationship between China’s trade and its
economic development. More than two centuries ago Adam Smith argued that it
is the use of imported intermediate goods that constitutes the vector through
which openness improves productivity. Imported intermediate goods can relieve
what would otherwise be key constraints allowing faster growth, together with
better human development. While China’s trade reform is often related to its
productivity growth, there has been remarkably little attention to the relationship
between imports and productivity growth at the industry-sectoral level. Our
paper examines the sector-specific impact of intermediate goods utilizing a time
series for the share of imported intermediate goods in each sector derived from
our model calculations. Our study indicates that imported intermediate goods are
playing an important role in the growth of Chinese productivity.

Keywords intermediate goods, vertical specialization, total productivity
growth, international linkages to development

JEL Classification F15, O19, F23, L60

1 Introduction

China’s economic growth over the past two decades has caused the largest
reduction in poverty in world history (Rodrik, 2010). While the dramatic
increases in inequality that accompanied China’s economic ascent will challenge
policy makers for the foreseeable future, and cast a shadow over its future growth

Received July 15, 2011

John Berdell, Qi Hong Dong (D<)

Department of Economics, College of Commerce, DePaul University, Chicago, IL 60604,
USA

E-mail: qdong@depaul.edu




Developmental Aspects of China’s Trade Pattern 557

prospects, the extraordinary size and scope of its recent achievements are simply
unparalled in history.

While agricultural reform was clearly central to the early phases of this
process, the growth of manufactures and exports has become the driving force of
Chinese urbanization and economic growth. Growth of Chinese manufactures,
and more particularly of exports of manufactured goods, over the 1990’s, was
inextricably linked to its internationalization or more precisely to the formation
of an East Asian Production network (Gaulier et al., 2007). The most observable
metric of this network is the increasing prominence of intermediate goods within
the web of bilateral international trade flows. Vertical specialization in Asian
manufacturing has been particularly prominent in electronic products
(Athukorala and Yamashita, 2006).

Much has been written about the impact of imported intermediate goods (off
shoring and outsourcing) on wages and employment in developed countries with
long-established manufacturing sectors (Feenstra and Hanson, 1999). And
considerable effort has been devoted to ascertaining the actual domestic content
of manufactured exports of developing countries (Dean et al., 2007; Hummels et
al., 2001; Koopman et al., 2008) since that domestic content has been posited as
having a particularly strong impact on the labor market in developed countries
(Krugman, 2008). China’s politically sensitive trade deficit with the US has
drawn particular attention to the domestic content of her exports, as low domestic
content might make exchange rate appreciation less effective as a means of
adjustment (Koopman, Wang and Wei, 2008).

China’s tremendous export growth, 14% annually from 1987 to 1996 (Breslin,
1999), has justified various formulations and investigations of Export Led
Growth (ELG) hypotheses of Chinese economic growth (De Melo and Robinson,
1992; Shan and Sun, 1998). Vertical specialization doubtless requires export
growth. Any form of specialization requires structural change and the relative
growth of sectors of comparative advantage must exceed the growth of the
overall economy. In the case of vertical specialization the growth of exports will
be considerably more rapid relative to the growth rate of the economy, because
specialization occurs in the later segments or activities in the product chain
which embody very large values of imported intermediate goods relative to the
value added. This is the case with many Chinese exports, where the prominent
use of imported intermediate goods raises important questions about the
influence of vertical specialization on long term growth that are obscured by
excessive attention to exports as the driver of growth.

The classical economic liberalism of David Hume and Adam Smith focused
on the role of imports in growth. Hume emphasized the power with which
imported goods stimulated the production of surplus marketable goods in
previously self sufficient economies, as well as the emulative impetus that novel
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imports imparted to domestic emulative and invention capacities (also see
Feenstra, 1996; Grossman and Helpman, 1991). The growth of trade worked as
well towards reinforcing political and legal changes (Hume, 1987). Smith’s
reinforcing division of labor and extent of the market create precisely the
network-like flows of intermediate goods that characterize vertical specialization.
Smith emphasizes productivity gains set in motion by the rise of markets for
intermediate goods and capital goods. While a growing market for exports and
output is a necessary condition for greater specialization, Smith chooses to
emphasize intermediate goods and imports. This vision of the growth process
conditions the productivity of individual nations upon their continued
interdependence and was obviously developed to counter the notion that the
balance of trade constituted the motor of growth or national gain. Precisely how
the growth of imports and exports should be seen as contributing to the past,
present and future of Chinese long term growth will remain very much an open
subject, but one dimension that certainly deserves attention is the extent to which
imported intermediate goods have increased the productivity of Chinese industry.

In this paper we put the increasingly sophisticated calculations of the domestic
value added contained in Chinese exports to a different purpose. Here we seek to
examine the extent to which Chinese use of imported intermediate goods is
related to productivity growth, that is, we seek to establish the applicability and
strength of Smith’s posited relation between imports and productivity.
Additionally we will attempt to see whether (and how strong) the influence of
exports really is once the use of imported intermediate goods has been accounted
for. Section 2 examines the relationship between “directly” imported
intermediate goods and productivity. Section 3 examines the relationship
between “indirect” imported intermediate goods and productivity. Section 4
concludes.

2 Directly Imported Intermediate Goods and Productivity

Our metrics look at the differential growth of productivity within Chinese
manufacturing sectors and do not attempt to capture, or account for, the increase
in productivity that has accompanied the movement of resources from traditional
(largely agricultural) sectors into modern (usually internationally integrated
manufacturing) sectors. Stated differently we are examining the growth of
productivity across Chinese manufacturing sectors rather than seeking to explain
the factors that account for the structural change of Chinese industry.

We use a data set produced by Koopman, Wang and Wei (2008) for the
purpose of estimating the domestic content of Chinese exports, and we are most
obliged to Dr. Wang for access to their data and calculations. We will take two
different approaches to what this data reveals about the influence of imported
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intermediate goods on industry level productivity. In the first instance we
examine only the influence of directly imported intermediate goods on
productivity growth. Later we will distinguish between imported intermediate
goods directly used by each Chinese industry and those that are indirectly used,
that is they are successively used by two or more Chinese sectors before being
embodied in an export or final good. With this distinction in place we can assess
the influence of direct and indirect foreign goods on Chinese productivity at the
sectorial level.

All analyses of the role of imported intermediate goods draw principally from
Input-Output tables and import statistics, with supplementary information derived
from various industry level data sources. Like Feenstra and Hanson’s (1999) path
breaking work as well as that of Hummels, Ishii and Yi (2001) allocated
imported intermediate goods to using sectors in a national economy by assuming
that each sector as well as final consumers used imported and domestically
produced goods of any given type in the same ratio. In Feenstra and Hanson’s
notation the distribution of imported intermediate goods to each sector i (iii;) is:

i, =Z[input purchases of goods j by industry 7] *
J
imports of goods j
consumption of goods j | |

(1.1)

where the (apparent) “consumption” of goods j is simply the gross output of the
goods less exports plus imports. Apparent consumption might have been called
apparent absorption since it is the amount of the goods j that appears to have
been consumed or used as an input during the period in question. There are a
number of countries in addition to China and Mexico that provide additional
customs information on imports that are of considerable use in allocating imports
to intermediate as opposed to consumption uses. Koopman, Wang and Wei,
(2008) use the UN Basic Economic Categories (BEC) that distinguish capital
from non capital goods, together with the information that Chinese customs,
official record when imports enter tariff free for further processing and export.
Such tariff free imports can be reliably allocated entirely to input use rather than
final consumption, and the BEC may be appealed to in order to distinguish
intermediate goods from capital goods. They aggregate the very detailed Chinese
customs trade statistics into the 122 sectors specified in the Chinese Input-Output
Table of 2002 using a concordance made available by the NBS (National Bureau
of Statistics). Using this information allows considerably greater precision in
allocating imports between goods as opposed to consumption, but imports that
are not destined for the processing sector must be allocated across input use by
the “normal” part of the economy as opposed to final consumption just as
Feenstra and Hanson do. Using the shares that koopman, Wang and Wei identify
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we can specify the imported intermediate goods of any goods j as:

My = 0.01% (pintsh +nintsh) : *ymtot , (1.2)
where we indicate element by element multiplication as (: *) note that pintsh and
nintsh are 122+*1 vectors of the process imported and normal imported input
shares and ymtot is a 122 * 1 vector of the yuan value of imports. The vector of
imported intermediate goods m,, is allocated to each sector to create iii, a
vector of (the yuan value) of imported intermediate goods used (directly) by a
subset (due to data limitations) containing 77 of the 122 Chinese 10-sectors. This
is done in three steps.

First, we construct a flow IO matrix that represents the goods required by the
selected firms (large in size) the sum of whose gross value of output X*““’ are
reported by the NBS industrial enterprise survey, which only include industrial
firms with an annual revenue more than 5 million yuan.

Zse[ect = A% )?select ’ (1 3)
where X*“““ has the elements of X*““ on the diagonal. We construct an 10
matrix Z for 1998, 2002, 2005 and 2006 as these are the years we have output
and trade data. In each case, however, the unit input requirement matrix 4 is from
the 2002 IO table. The Z*“’ matrix is essentially a constructed IO flow matrix
for years in which an IO table is not available. Second, we sum over the rows of
this constructed 10 flow matrix (multiply by i, a column vector of ones, to get the
total intermediate use (#iuz), which is a column 122 * 1 vector.

tiu = 75 (1.4)

Third, we assume that each using industry utilizes the same ratio of imported to
total input. This ratio is the import ratio () which is another 122 * 1 column vector.

2/ tiu, (1.5)
where we indicate element by element division by (:/). The import ratio is a
column (122 *1) and is different in each of the four years. Each element of the
previously created flow IO matrix is multiplied by the appropriate import ratio to
produce an imported intermediate input matrix (Z**“*) for each of the four
years.

r= minput

ZM,select [l,j] — I"[l] % Zselect [l,]] . (16)
is then a constructed flow counterpart to the 4 matrix of unit imported
intermediate goods reported by some countries—but not China. Now we can sum
over the columns of the imported intermediate input flow matrix to construct a
row vector (iii which is 1% 122) of the imported intermediate goods (directly)
used by ‘j” in each of the four years.

iii = colsum(ZM-se"y | (1.7)

In summary our calculation of the value of imported intermediate goods used

ZM, select
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in Chinese sectors is similar in spirit to Feenstra and Hanson’s calculation of the
imported intermediate goods used in US industries, but we make use of the fact
that Chinese import statistics unambiguously identify some flows of imports as
intermediate goods.

Our procedure identifies roughly 70% of Chinese imports in 2002 as being
intermediate goods. Total imports in 2002 were approximately 2.3% of the total
of the collective total value reported in X*“* and imported intermediate goods
were 1.7%.

In order to relate the use of imported intermediate goods to the process of
specialization and productivity growth in China some metric of total factor
productivity must be employed. Unfortunately the China component of the World
KLEMS (capital, labor, energy, material and services) project is not yet available,
so our factor information is limited to total assets and employment (NBS). This
information only covers the manufacturing sectors of the Chinese economy; in
2006 data is available for 77 of the 122 10 sectors. There are roughly 54 million
workers reported in this data. We use the factor shares reported in the 2002 year
book to calculate the Cobb Douglas TFP residual growth over the three intervals
available to us: 1998 to 2002, 2002 to 2005, and 2005 to 2006. Changes in the
definitions of sectors between 1998 and 2002 are of considerable concern so we
will report results only for 2005 and after.

g=chgX — 0" x1— 0% xk —0™ =i . (1.8)

So the (proportional) growth rate of TFP (g) is the residual of the (proportional)
growth rate of gross output (chgX). Since we are working with gross output the
proportional growth rate (of the value of) total intermediate goods (#ii) and their
share in gross output 8" appear in the growth accounting. The shares are drawn
from the 2002 IO table. In order to assess the influence of internationally sourced
goods we will use the ratio of internationally sourced vs. domestically sourced
intermediate goods as a regressor (dellllvsDII). The coefficient on this term
indicates the effect on growth of shifting resources from domestically sourced
goods to foreign sourced goods. Here we regard all goods as either entirely
domestic or entirely foreign, so domestic goods (Dii/j]) are simply the total use
of intermediate goods (#ii/j]) less that sectors use of imported intermediate goods
(@iifj]). (Note that Diifj] = tii[j] — iii[j]). Definitions and summary statistics for
all variables used appear in tables 1 and 2. In addition to dellllvsDII, we are
interested in delVAvsX, which is the change in domestic value added to gross
output value ratio, as well as chgEvsX, which is the proportional growth rate of
export value to gross output value ratio.

As indicated in Table 3, the influence of changes in the ratio of internationally
sourced intermediate goods is not statistically significant when entered as the
only regressor. Productivity growth and output growth are clearly related and the
inclusion of output growth has a strong influence upon the statistical as well
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Table 1 Definitions for Variables

Variable Definition

g (proportional) growth rate of TFP

dellllvsDII change in imported to domestically sourced intermediate input ratio
chgX (proportional) growth rate of gross output value

chgEvsX (proportional) growth rate of export value to gross output value ratio
delVAvsX change in domestic value added to gross output value ratio

Table 2 Summary Statistics (2005-2006)

Variable Obs Mean Std. Dev Min Max

g 155 0.1406585 0.1870027 -0.1161372 1.159103
dellllvsDII 155 -0.0027211 0.0041272 —-0.0187003 0.0125713
chgX 155 0.7518653 0.7264186 0.0789508 4.662109
chgEvsX 149 0.0568835 0.3714418 —-0.5669737 2.243022
delVAvsX 155 —1.60e-06 1.84e-06 —-0.0000113 -9.02¢-08

Table 3 Pooled OLS (Productivity Growth and Direct Use of Imported Intermediate Goods)

1) &) 3
g g g
4.527 6.421 6.523
dellllvsDII (1.24) (.01 (3.13)%*
hoX 0.208 0.214
chg (17.16)** (18.04)%*
-0.049
chgEvsX 2.10)*
Constant 0.153 0.002 0.003
(8.51)** (0.11) (0.21)
Observations 155 155 149
R-squared 0.01 0.66 0.70

Note: Absolute value of ¢ statistics in parentheses: * significant at 5%; ** significant at 1%.

as substantive significance of changes in the ratio of internationally sourced
goods. In regressions (2) and (3) of Table 3 the coefficient on dellllvsDII is
approximately 6.5 which indicate that a change of one percent (0.01) in the use
of imported intermediate goods relative to domestically sourced goods has a
more than six fold influence on the productivity growth rate.

The results in Table 4 differ only by the specification of robust, in this case
clustering by industry standard errors. We place some emphasis upon the fact that
in the third regression the change in the export (E) to output ratio (X) does not
appear to have a similarly strong positive effect on productivity growth, but it
must be noted that we have included the growth of output in the TFP regression
(in order to account for economies of scale) which an adherent to the export led
growth hypothesis might regard as having been caused by the expansion of
export markets. Figures 1 and 2 are scatter plots of TFP growth (g) against the
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Table 4 Pooled OLS with Cluster-Robust SE by Sector (Productivity Growth and Direct Use
of Imported Intermediate Goods)

@ 2 3
g g g
4.527 6.421 6.523
dellllvsDII (0.98) 2.13)* 221y
hoX 0.208 0.214
chg (10.27y%* (11.96)%*
-0.049
chgEvsX (1.77)
Constant 0.153 0.002 0.003
(6.71)** (0.12) (0.24)
Observations 155 155 149
R-squared 0.01 0.66 0.70

Note: Robust ¢ statistics in parentheses: * significant at 5%; ** significant at 1%.
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Fig. 1 TFP growth vs. Output Growth
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Fig. 2 TFP Growth vs. Change Intermediate Source Ratio
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growth rate of output (X) and the change in the ratio of internationally sourced
intermediate goods (dellllvsDII).

3 Accounting for Indirect International Goods

Koopman, Wang and Wei (2008) utilize a far more sophisticated approach to
tracking the movement of imported intermediate goods through the Chinese
economy. In addition to tracking the directly used foreign intermediate goods,
Koopman, Wang and Wei identify and measure the indirectly foreign content in
the output of Chinese industries. They employ a linear programming procedure
to estimate separate 10 flow matrices for the processing and non processing
components of the Chinese economy. Since they produce both an import flow
matrix and a domestic flow matrix they construct four flow matrices: the flows of
domestic goods into the “normal” component of Chinese using industries, the
flows of imported intermediate goods into the “normal” component of Chinese
using industries, the flows of domestic goods into the “processing” component of
Chinese industries and the flows of imported intermediate goods into the
“processing” component of Chinese industries. Their central aim is to more
accurately establish the domestic content of Chinese exports, but a felicitous
outcome of their calculations is a division of the output of each Chinese IO sector
into three components: domestic value added, directly foreign value contributed
by imported intermediate goods, and lastly indirect foreign value contributed by
imported intermediate goods that are embodied in the “domestic” goods that each
sector uses. They find that for Chinese exports the shares of both domestic values
added and direct international value have been falling (over the same years as we
discuss in this paper) and this is necessarily because the indirect foreign value
has been rising. We now make use of their calculation of the domestic value
added in Chinese industries. This is essentially the polar opposite of the measure
we have just examined in the preceding section. Let us then see if the sort of
relationship we found in the preceding section, seems to be at work when we
examine how productivity growth varies with changes in the share of a goods overall
value that is directly domestic content, that is value added in the traditional sense.

We see in Table 5 that the coefficient on de/VAvsX is negative and ferociously
large in absolute value. But the mean change in the ratio of value added to total
gross output value (de/VAvsX) is only —1.60e—06 (Table 2) so the average growth
associated with the shrinkage of domestic direct value added is
—35131.96+(—1.60e—06) = 0.05621114 which is really quite large as the mean
value for g over 2005 and 2006 is 0.1406585. Taken literally it suggests that 1/3
of all productivity growth is associated with shrinkage in domestic value added,
hence with the growth of either direct or indirect foreign sourced intermediate
goods. The cluster-robust standard errors are reported in Table 6. Fig. 3 illustrates
the relation between g and the change in the value added ratio.
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Table 5 Pooled OLS (Productivity Growth and Direct Use of Domestic Factors)

) (@) (©)
g g g
delVAvsX 75,674 —34,845 -35,131
(13.72)** (5.32)** (5.50)**
chgX 0.143 0.149
(8.63)** (9.24)**
chgEvsX —-0.025
(1.11)
Constant 0.019 —-0.023 -0.023
(1.45) (1.87) (1.98)*
Observations 155 155 149
R-squared 0.55 0.70 0.73

Note: Absolute value of 7 statistics in parentheses: * significant at 5%; ** significant at 1%

Table 6 Pooled OLS with Cluster-Robust SE by Sector (Productivity Growth and Direct Use
of Domestic Factors)

@ @ (€))
g g g
delVAvsX 75,674 —34,845 -35,131
(4.98)** (1.87) (1.87)
chgX 0.143 0.149
(3.72)** (3.90)**
chgEvsX -0.025
(1.12)
Constant 0.019 —-0.023 -0.023
(1.18) (1.91) (2.36)*
Observations 155 155 149
R-squared 0.55 0.70 0.73

Note: Robust ¢ statistics in parentheses: * significant at 5%; ** significant at 1%.

1.5F

=5.00e-06
delVAvsX

|" £ Fitted valucsl
Fig.3 TFP Growth vs. Delta VA Ratio
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4 Conclusion

China’s engagement with the global economy has been transformative for both
China and her trade partners. The way countries gain from trade, and the ways
those gains are, or can be made to be, mutually advantageous has been among the
most persistently asked questions in political economy. The growth of
productivity across Chinese industries certainly seems to be consistent with
Adam Smith’s emphasis upon the strong links between the use of internationally
sourced goods and the progress of domestic specialization. Whether we relate the
growth of sertoral productivity to the direct use of imported intermediate goods,
or to the contraction of the domestic value added component in Chinese products,
a similar message emerges: Imported intermediate goods are playing an
important role in the growth of Chinese productivity.

Adherents to export-led growth hypotheses, which come in a variety of
formulations, will no doubt find the method of proceeding here unsatisfactory.
We have, after all, included the growth of gross output in our regression along
with changes in the export to output ratio. But some versions of the export-led
growth hypothesis might wish to attribute that very growth in output to exports.
Excessive enthusiasm for export driven growth, if it is manifest as a growing
trade deficit with the rest of the world is potentially very problematic. Given the
difficulties inherent in an unbalanced expansion of Chinese trade as China looms
ever larger with world trade and output, the linkage examined here should be
both of some reassurance and perhaps some guidance as well: Substitution of
domestic demand growth for external demand growth need not have any negative
influence on productivity growth as that is linked to imports (and output growth)
rather than exports per se.
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