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This paper unveils a systematic pattern in China’s processing trade. In a cross-section of
Chinese provinces, the average distance traveled by processing imports {import distance}
is negatively correlated to the average distance traveled by processing exports (export
distance). To explain this pattern, we set up a three-country industry-equilibrium model in
which heterogeneous firms from two advanced countries, East and West, sell their
products in each other's markets. Each firm can use two modes to serve the foreign market.

F12 It can directly export its products from its home country. Alternatively, it can indirectly

F14 export to the foreign market by assembling its product in a third low-cost country, China,
F23 which is located in the vicinity of Egst. Our model establishes two theoretical predictions
Keywords: relating China's geographical location to its processing trade patterns. First, China's
Location processing exports are negatively affected by both an increase in import distance and arise
Trade costs in export distance. Second, China's processing exports to East Asian countries are more
China sensitive to export distance and less sensitive to import distance than its processing

Processing trade
Expert platform FDI

exports to non-Asian countries. We find empirical support for both predictions.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

China’s rapid emergence as an export powerhouse has attracted large attention in both academic and policy circles. In the
past 20 years, China's exports have grown at an annualized rate of 19%, more than twice the rate of growth of world exports.
As a result, China's share of world exports has surpassed Japan and the United States to become the world’s second largest
exporter after Germany.

To a large extent, China's dramatic export rise has been attributed to domestic factors - its relatively low labor costs
coupled with its aggressive export promotion policies {Amiti & Freund, 2008; Branstetter & Lardy, 2006; Huang, 2003; Lardy,
2002). In the mid-eighties, China installed a processing trade regime that grants firms duty exemptions on imported raw
materials and other inputs as long as they are used solely for export purposes. Many foreign firms have talken advantage of
this regime to slice up their value chain and move their labor-intensive final-assembly plants to China. As a result, the share
of processing exports {i.e. exports conducted under the processing regime) in China’s total exports has risen from 30% in
1988 to 55% in 2005. Currently, processing exports account for more than half of China's total export value.

An often overlooked feature of China's processing trade regime is its heavy reliance on imported inputs from neighboring
East Asian countries for its exports. According to a recent estimate by Koopman, Wang, and Wei (2008), only 20% of China’s
processing export value is produced in China, while the remaining 80% consists of the value of imported inputs. These inputs
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Fig. 1. Weighted average export distance versus weighted average impert distance, 2005.

are primarily imported from China’s more advanced East Asian neighbors such as Japan, Korea, and Taiwan (Dean, Lovely, &
Mora, 2009; Lemoine & Unal-Kezenci, 2004; Tong & Zheng, 2008). This import pattern suggests that China’s geographic
location within the dynamic East Asian region may have played an important role in the rapid growth of China’s processing
trade.

In this paper, we use detailed data on processing trade collected by China’s Customs Statistics to analyze the role of
China’s geographic location on its processing trade patterns. This dataset is particularly useful since, by its nature, the
processing trade regime requires all imported inputs to be used for export purposes. As a result, the data provides for each
processing location a unique mapping of the source country of imported inputs and the destination country of its processed
exports. This feature enables us to analyze the role of both import and export distance on China’s processing trade patterns.'

A cursory glance of the processing trade data reveals a distinctive geographical pattern related to China's processing
trade. Using a cross-section of 29 Chinese provinces® for 2005 we show in Fig. 1 that the average distance traveled by
processing imports (import distance) is negatively correlated to the average distance traveled by processing exports {(export
distance).® A similar association between export and import distance can be found for all years from 1997 to 2005.

To explain this pattern, we set up a three-country industry-equilibrium model with heterogeneous firms. In our
frameworl, a continuum of heterogeneous firms from two advanced countries, East and West, sell their products in each
other’s markets. Each firm can use two modes to serve the other market. It can produce its variety at home and directly
export it to the foreign country. Alternatively, it can indirectly export its variety to the foreign country by assembling it in a
third low-cost country, China. Since China is located in the geographical proximity of East, our model provides an explanation
for the negative correlation between export and import distance for China's processing trade: the inputs that China imports
from the nearby East are processed into final goods and exported to the far-away West. Conversely, the inputs that China
imports from the far-away West are processed into final goods and exported to the nearby East.

The model allows us to develop two theoretical predictions relating China’s geographical location to its processing trade
patterns. First, China’s processing exports are negatively affected by both an increase in import distance and an increase in
export distance. Second, China’s processing exports to the nearby East Asian countries are more sensitive to export distance
and less sensitive to import distance than its processing exports to non-Asian countries that are located further away.

Using China's bilateral processing trade data, we find support for the theoretical predictions of the model. Specifically, our
empirical analysis provides some evidence that China’s processing exports are negatively affected by both import and export
distance. Furthermore, it provides strong evidence that processing exports to East Asian countries are more sensitive to
export distance and less sensitive to import distance than processing exports to non-Asian OECD countries.

Our theoretical model builds on an emerging theoretical literature on export platform FDI, i.e. on multinational firms that
process their final goods in a foreign subsidiary for export to a third-country market.® Yeaple (2003) and Ekholm, Forslid, and

! This exercise cannot be conducted with regular trade data since imports are not necessarily used as inputs in the production of experts, but can also be
consumed locally.

2 In this paper, “province” encompasses all of China's first-tier administrative divisions: provinces, municipalities and autcnomous regions. We have
excluded Tibet and Ningxia from cur analysis since they have no processing trade in at least 1 year of our data sample. Furthermore, we treat Hong Kong,
Macau and Taiwan as fereign economies.

3 The sample correlation coefficient of —0.3274 is statistically significant at the 10% level. Note that the data used for this figure are adjusted for
transshipments threugh Hong Keng. See Section 3 for further details.

# Yeaple (2003) uses the term “complex integraticn strategy”.
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Markusen (2007) examine theoretically the determinants of export platform FDI by setting up a model with two similar
advanced “Northern” countries and a third Southern country in which the final good can be assembled at lower cost. Both
studies analyze how firms’ choices of using South as an export platform depends on trade costs, factor-cost differentials, and
the fixed costs associated with foreign investment. Grossman, Helpman, and Szeidl (2006) introduce intra-industry firm
heterogeneity in this type of setting and examine the role of different types of complementarities on export platform
activities. Qur theoretical framework complements these three studies in two ways. First, we use elements of Helpman
et al.’s (2004) model structure to derive a closed-form solution of an export platform’s bilateral processing exports. Second,
we introduce more realistic assumptions about trade costs by exploiting the empirical regularity that export-platform
countries are generally located in the geographical proximity of large markets. For example, China lies in the vicinity of
developed East Asia; Mexico neighbors the United States. This allows us to develop new theoretical predictions that relate an
export platform’s bilateral exports to both export and import distance.

Our empirical analysis is related to Hanson et al.’s (2005) study on the determinants of global production networlks. Their
study uses firm-level data on U.S. multinationals to examine the determinants of trade in processing inputs between parent
firms and their foreign affiliates. Among other findings, they show that a foreign affiliate’s demand for imported processing
inputs is affected by trade costs, wages for less-skilled labor and host-country policies. In line with their findings, we provide
empirical evidence that China's processing exports depend on trade costs on both the import and export side.

This paper is organized as follows. In the following section, we set up the theoretical model and derive our two main
hypotheses. In Section 3, we describe the data. We report the method of analysis in Section 4. We report and interpret the
empirical findings in Sections 5 and 6, and we provide concluding comments in the closing section.

2. Theoretical model

To motivate the empirical analysis, we set up an industry-equilibrium model in which firms centered in East can use two
channels to export their products to the West, and vice versa.®> On the one hand, they can produce their goods at home and
directly export them to the other region. On the other hand, they can indirectly export to the other region by using low-cost
China as a final assembly platform. As we shall see below, the model will provide a theoretical explanation for the negative
correlation between the average distance traveled by China's processing imports and the average distance traveled by its
processing exports. In addition, it will allow us to identify two testable hypotheses related to China's processing trade
patterns.

Consider an industry-equilibrium model with three countries.® There are two advanced countries {East and West) thatare
fully symmetric with high wages and large markets for the industry’s output. In addition, there is a third country “China” that
has low wages, no market for the industry’s output, and that is geographically located closer to East than to West. In this
model, the only role that China plays is thus that it is a potential low-cost location in the vicinity of East for processing final
goods. Note that the assumption that China does not have a marlket for the industry’s output is rather harmless since, by the
very nature of the processing trade regime, processed goods are not allowed to be sold on the Chinese market.

A continuum of firms in East and West has the know-how to produce a single differentiated product. These are the only
active firms in the industry since we assume that the knowledge is nontransferable to domestic firms in China. Each
advanced-country firm needs to produce its intermediate good in its home country, but can process its final good in any of
the three countries.

All consumption of the differentiated products takes place in the East and West. Specifically, in each advanced country
i< (E, W), a representative consumer allocates an amount of expenditure Y' to the industry. Within the industry, the
consumer has a utility function that exhibits constant elasticity of substitution £ = 1/{1 — @). Maximizing the utility function
subject to the consumer’s expenditure generates the demand function that a firm faces in advanced country i:

g=ADp % (1)

where the demand level A’ is exogenous from the point of view of the individual firm.” In this case, the monopolistically
competitive firm charges the following price for its product:

i_C 2
P=c (2)
where ¢ denotes the firm's marginal unit production cost and 1/w represents the markup factor.

We distinguish the countries in several ways. First, wage rates are higher in the advanced countries than in China; in
particular, wf = WW”: 1 >w¢ = w. Second, China is located closer to East than to West, while West is equidistant to both East
and China. Denote 7¥ as the melting-iceberg trade cost of shipping goods from country i to country j, where 7°=1and ¥ = 7' > 1

3 Since this paper focuses on the role of geography on trade, we identify “firms” by their location of preduction and not by their ownership structure. To
demonstrate the importance ofthis distinction, consider the example of the iPed. While the final product is sold by the American company Apple, more than
75% of the factory cost is made in East Asia by Korean, Japanese and Taiwanese firms (Linden, Kraemer, & Dedrick, 2009). Since the gravity of preducticn is in
East Asia, we thus consider it te be an East Asian firm.

5 We cenduct our analysis for a single industry, but it is straightforward to embed cur medel in a general equilibrium framework with many industries.

? As is well known, A' = Y!/ fD"‘ p'iv)' *dv|, where a‘ is the number (measure) of varieties available in country { and p{1) is the price of variety v.
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fori=£j. We assume that trade costs increase linearly with distance so that 77 = t < %"= ¥ = ¢ (see Fig. 2).% These locational
assumptions reflect the notion that China acts as the low-cost processing platform in the vicinity of East. To see this, note the
differential impact thatanincreasein trade costs tand rplay inour model. Arisein t increases trade costs only between East and
China, thus making it less attractive to indirectly export through China. Conversely, a rise in T increases the trade costs between
West and China as well as West and East, thus reducing the incentives of both direct and indirect exports.

The production of a final good variety involves two distinct stages: intermediate good production and final good
processing. Intermediate goods need to be produced in the firm’s home country j at cost aw’ = a, where a equals the firm’s
labor-per-unit-output coefficient. The final good can be processed in any country ! € {E, W, C} at an extra ad valorem cost w'.
The combination of preduction costs and melting-iceberg trade costs then implies that the unit cost of producing an
intermediate good in country j, processing it into a final good in country I and delivering the final goods to country i equals:

o = gri'w!dh, (3)

To interpret this unit cost function, suppose that a firm with labor-per-unit-output coefficient @ conducts both production
stages in the East and sells its output domestically.® From Eq. (3), its unit cost then amounts to a. If it conducts both
production stages in East and then exports the final goods to West, the unit cost equals az. If the firm produces its
intermediate goods in East, processes its final goods in China and delivers it to West, the unit cost amounts to atwt. Since
w <1 and t, 71, it is clear that the attractiveness of conducting processing activities in China depends on the tradeoff
between lower wages and higher trade costs.

Our model features intra-industry firm heterogeneity as developed by Melitz (2003). To set up its headquarters in
advanced country i, a firm needs to bear a fixed cost of entry Fe, measured in labor units. With this fee, the entrant acquires
the design for a differentiated product and draws a labor-per-unit-output coefficient of a from a cumulative Pareto
distribution G(a) with shape parameter z. Upon observing this draw, the firm decides either to exit the industry or to start
producing. If it decides to produce, it bears an additional fixed cost fp of initiating production operations. There are no other
fixed costs when the firm sells only for the domestic market. If the firm chooses to export to the foreign market, however, it
bears an additional fixed cost fy of forming a distribution and servicing network in the foreign country. Finally, if it sets up a
processing plant abroad, it bears an additional fixed cost fp.

We take on the following simplifying assumption:

Assumption 1.

W) 1wy Vs £/, + fo)-

Assumption 1 ensures that {i) at least one firm from advanced country i processes its final goods in China for export to
advanced countryj=£i'®; and (ii) no firm from advanced countryi sets up a processing plant in China to export back to its own
marlet in country i.'' Assumption 1 and the unit cost function in Eq. (2) ensure that, despite China's relative proximity to

8 A recent debate has emerged on whether trade costs are truly a linear function of distance (e.g., Brun, Carrére, Guillaument, & de Melo, 2005; Coe,
Subramanian, & Tamirisa, 2007). In this paper, we follow the standard appreach in gravity regressions of using distance as a proxy for trade costs.

2 We rely on this specific functional form since it ensures that the derivation is symmetric for advanced countries East and West. The key theoretical
predictions of cur model do net hinge on this specific functicnal form.

0 As will become clear below, Assumption 1 ensures that the unit cost of a type-P firm is sufficiently lower than that of a type-X firm so that @}, > u‘

T ew” T implies that the unit cost of cenducting beth producticn stages at heme for demestic sales is lower than cffshering final assembly to Chma
for re-impert. While this assumpticn is not realistic, it significantly reduces the cemplexity of our analysis. Furthermore, relaxing this assumption is
unlikely to change the two key theoretical predictiens of our model.
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Fig. 3. Profits functions for type-D domestic firms, type-X foreign firms and type-f foreign firms.

East, the analysis for countries East and West are completely symmetric. Below, we conduct the analysis for advanced
country i. We call firms from country i “domestic” firms and firms from the other advanced country j “foreign” firms.

In advanced country i, there are three types of firms that sell their final goods: type-D domestic firms that conduct boeth
production stages in country i and sell their output domestically; type-X foreign firms that produce both stages in the
advanced country j and export their final goods to country i; and type-P foreign firms that produce their components in
advanced country j, process their final goods in China and then export to country i. Using Eqs. (1)-(3), we can derive the
operating profits that the three types of firms face:

7 =a' B - fp, (4)
my = (az)! EBi_fx_fD: (5]
m, = (attw}! gBi_fP_fX_fD: (6]

where B'=(1 — a)AYe' .

We depict these profit functions in Fig. 3. In this figure, a' =¥ is represented on the horizontal axis. Since ¢ = 1, this variable
increases monotonically with labor productivity 1/a, and can be used as a productivity index.'? All three profit functions are
increasing with this productivity index: more productive firms are more profitable in all three activities. For a given
productivity level, type-D firm profits are always higher than the other two firm-types since it invokes both a lower fixed cost
and a lower marginal cost (due to Assumption 1). Type-X firms face a lower fixed cost but a higher marginal cost than type-
firms. These profit functions imply that domestic firms with a productivity level below (a",_.,)1 F expect negative operating
profits and exit the industry, while firms with productivity levels above this cutoff become type-D firms. Foreign firms with
productivity levels below (a;)1 " do not sell their products in advanced country i; foreign firms with productivity between
(ai()1 * and (a}})1 * become type-X firms; while those with a higher productivity become type-P firms. Using Egs. (4)-(6), the
cutoff coefficients (ai)' *, (a}' * and (i)' * are determined by:

(ahy B = fy, (7)
(ray) "B = [y, (8)
(zay)' "Bi(tw)' " 1) = [ (9)

Free entry ensures equality between the expected operating profits of a potential entrant and the entry cost Fe. The free entry
condition together with Eqs. (7)-(9) provide implicit solutions for the cutoff coefficients al, ¢} and @b, and the demand levels
B'in every country.

'2 This graphical appreach cf presenting the results is adepted frem Helpman et al. (2004).
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If we take into account China’s bilateral trade patterns for Eastern and Western firms, and the locational assumptions
shown in Fig. 2, our theoretical model fits the stylized facts of China's processing trade well. In line with Fig. 1,
our theoretical model predicts a negative correlation between the distance where China’s inputs are imported from
(import distance) and the distance where China’s final goods are exported to {export distance). The inputs that
China imports from the nearby East are processed into final goods and exported to the far-away West. Conversely, the
inputs that China imports from the far-away West are processed into final goods and exported to the nearby East (see
Fig. 4).

Furthermore, we can use our model to derive a number of testable hypotheses related to China’s processing trade. In
Appendix A, we demonstrate that the bilateral export value of China to advanced country { can be expressed as:

Yi‘
1+ ohplt, T+ 0% (L, T)

2Lt T = (10)
where .\?L denotes the total industry sales of type-P firms in country i, ox p captures the relative market share of type-X firms
to type-P firms in country i; and op,pr captures the relative market share of type-} firms to type-P firms in country i. Eq. (10)
provides the intuitive result that, all else equal, an increase in the relative market share of type-D firms to type-P firms in
advanced country i reduces China’s exports to i. Similarly, an increase in the relative market share of type-X firms to type-£
firms in advanced country i reduces China’s exports to i.

In Appendix A, we derive that:

~ . ﬁ (twy? 1 (z (& 1))/1e 1)_
oy p(t,T) = (tw} fo T T o 1) 1], (11)
[z (& 1p/(e 1)
ey O | SO S
opplt, T) = (Ttw) (fx ] —(rw)s 1) . (12)

It is straightforward to calculate from Eqs. {11) and (12) that:

dox p doxp
L L
% 2o O (13)
dopp  dopp
gt = ar

>0. (14)

Eq. (13) suggests that a rise in t increases the relative market share of type-X firms to type-P firms, ox p, while arise in 7 leaves
ox,punaffected. The differential impact of t and 7 is related to our notion that China is the low-cost processing platform in the
vicinity of East. On the one hand, an increase in t only raises the trade costs related to using China as an export platform. As a
result, it reduces the attractiveness of indirect exports through China, thus inducing some foreign firms to substitute indirect
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exports for direct exports. This leads to an increase in the relative market share of type-X firms to type-P firms. On the other
hand, an increase in 7 raises the trade costs for both direct and indirect exports. In our model, it therefore leaves the relative
market share of type-X firms to type-P firms unchanged. Similarly, Eq. {(14) indicates that a rise in both t and 7 increase the
relative market share of type-D domestic firms to type-P foreign firms, opp, but that the effect of an increase in t is larger.
Combined with Eq. {10), these results suggest that an increase in both t and in 7 has a negative impact on China’s exports to
country i, .Q}j, but that the effect of an increase in t is larger.

Note that t and 7 play a different role in China's processing exports to East and West. When exporting to West, t reflects
the trade costs related to import distance and 7 reflects the trade costs related to export distance. Conversely, when exporting
to East, t reflects the trade costs related to export distance and t reflects the trade costs related to import distance. This leads
to two hypotheses relating import and export distance to China's processing exports:

Hypothesis 1. Ceteris paribus, China’s processing exports are negatively affected by both an increase in import distance and
an increase in export distance.

Hypothesis 2. Ceteris paribus, China's processing exports to East are (i) more sensitive to export distance and (ii) less
sensitive to import distance than its processing exports to the West.

In the two sections that follow, we present the data and methods that we use to test these hypotheses.

3. Data and setting

To test our two hypotheses, we use bilateral trade data between Chinese provinces and their foreign trading partners for
the period 1997-2005 compiled by the Customs General Administration of the People’s Republic of China. For each bilateral
trade, this data set provides information on the country of originfdestination and the type of trade {(ordinary versus
processing).

For the purposes of the present analysis, we focus solely on processing trade. The summary statistics provided in Table 1
show the importance of processing trade in China’s overall trade. Between 1997 and 2005, processing exports consistently
accounted for approximately 55% of total Chinese exports (column 4), while processing imports consisted of 38-49% of total
Chinese imports (column 5). In addition, column 3 of Table 1 illustrates the high foreign content in China's processing
exports. Between 1997 and 2005, approximately two-thirds of China’s processing export value corresponded to the value of
the imported components embodied in these exports.'®

In Table 2, we list the primary source countries of China's processing imports and destination countries of China’s
processing exports in 2005. The table unveils two interesting facts related to China's processing trade. First, columns 1 and 3
of Table 2 show that, despite Hong Kong’s relatively small economic size, it is China’s largest source of processing imports
and second largest destination market for its processing exports. A key reason why Hong Kong is such an important trading
partner is that a large portion of China’s processing imports and exports are transshipped through Hong Kong (Feenstra,
Hanson, & Lin, 2004). Since Chinese Customs do not necessarily lknow the original source country of imports and destination
country of exports transshipped through Hong Kong, they record Hong Kong as the trade partner. To account for these
transshipments, we use a data set from the Hong Kong Census and Statistical Office on Hong Kong re-exports to identify the
original source and final destination of these transshipments {see Appendix B for details). A comparison of columns 1 versus
2 and columns 3 versus 4 in Table 2 illustrates the significant impact that adjusting for transshipments through Hong Kong
has on China's processing trade with its major trading partners. More specifically, it almost doubles the share of processing
imports originating from China’s major trading partners (other than Hong Kong) and increases by a quarter the share of
processing exports destined to these same countries.

Second, Table 2 shows that the main source countries for China’s processing imports differ from the primary destination
countries for processing exports. For the supply of its processing imports, China heavily relies on its neighboring countries,
with 77.2% of its processing imports originating from within East Asia {after adjusting for Hong Kong transshipments).
Conversely, the majority of China’s processing exports are destined outside of the East Asian region, with 61.3% sent to the
non-Asian OECD countries. Overall, more than 90% of China’s processing trade is with the listed East Asian and OECD
countries. In our regression analysis below, we will restrict our data sample of export destination countries to the 10 East
Asian countries and the 28 non-Asian OECD countries listed in Table 2.

In Table 3, we list by province the weighted average distance of the countries where China imports its processing inputs
from (import distance) and where China ships its processing exports to (export distance). The table demonstrates that in a
cross-section of 29 Chinese provinces, export distance is negatively correlated to the import distance (see Fig. 1). In addition,
Table 3 shows that adjusting for transshipments through Hong Kong significantly increases import and export distance. In
2005, for example, the weighted average distance of Guangdong province’s processing exports and imports increased by
1723 and 2174 miles respectively.

'3 This estimate of the import centent share of China's precessing exports is slightly lewer than that of Koopman et al. (2008) since they alse take into
account indirect impert centent in their estimation.
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Table 1
Summary statistics on China’s processing trade, 1997-2005.
Year Processing Processing Preicessing trade surplus as Share of processing Share of processing
s wanrts Thin 1ISE) imparts (hn USE o oshare of processing expurts o expolts in tatal exports fmports in total imports
1997 856 70.1 29.6 54.5 454
B s 1043 685 e 343 o s e SRR e e 48.9
184G 110.9 136 33:6 56:8 444
2000 137.6 92.6 32,7 952 411
2001 147.0 940 36:1 55:4 38.6
S g 995 R e L L e s aiA
2003 241.2 162:9 325 55:.2 38.5
2004 3272 221.5 323 553 395
SapnnsE 4152 el ey B T e e e S L R D e 415
Table 2
The origin and destination of China's processing impert and export, 2005.
Share of processing imports originating from Share of processing exports destined to
Unﬂdjuste([..fo[... ..Adj.u.s.[ed..fg[:..[-.l]{.. somrasiiaUnadjuasted: for A[]justec] for
HK transshipments rransshipments HK transshipments HK transshipments
East Asia 88.16 7724 47.19 31.93
..... Horg Kong AR e s B
Japan 1045 2008 1173 14,15
South Korea 11.33 2178 3.83 4.87
...... Slﬂgapm’ﬁ 3“1 5 6‘05 257 E P P 3‘59
Taiwan 939 1-8.66 2,24 2.96
Malaysia .55 370 140 1.87
Thailand 1.24 239 0.82 1.43
Philippines 1.83 353 051 1.05
Vietnam 0.09 018 0.41 0.74
Indenesia 047 080 0:48 0.71
Macau 027 057 0,21 0.55
Non=Asiaiy DECD countries 817 1571 A7:90 61.26
Uiited States 351 675 25.21 31:08
EU-18 3.30 G35 18:83 24.96
Canada 0.33 063 1.31 1.73
Australia 0.73 140 117 1.58
Mexico 0.05 0.09 0,66 0.88
Turkey 0.03 005 0.29 0.40
Switzerland 0.06 0.1 0,21 0.32
MNewy Zealand 0.08 018 012 0.18
Noway 0.07 0.14 010 0.13
Iceland 0.01 001 0,00 0.00
Rest'of the World 3.67 705 4.92 6.81

4. Methods of analysis

To test our two main hypotheses, we estimate a standard gravity model using the processing trade data described in the
previous section. The dependent variable in the model is the natural log of processing exports from a Chinese province i to a
destination country jin year t {ln £X;;). We include three independent distance variables in our analysis: the natural logs of
export distance, import distance, and internal distance. We measure export distance (ExDist;) as the arc distance between
the Chinese port closest to province i and the destination country j. To measure import distance (ImDist;), we need to take
into account that multiple inputs from various countries are used in the production of a specific export good. As a
consequence, we measure import distance using the following formula:

M

ImDist;; = i m

<EXDfSt;j, (15)

where IMy;; s province i's imports from country j in period t; and ExDisty is the arc distance between the Chinese port closest
to province f and the source country j. Finally, we follow Feenstra et al. (2004) by measuring internal distance ({Dist;) as the
distance between a province and its closest major Chinese port, where distance is given by train time between the two
destinations.
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Table 3
Weighted average export and import distance by prevince, 2005.
Weighted average export distance Weighted average fimport distance
Unadjusted Adjusted Difterence Unadjusted Adjusted Difference
Hangxi 4021 5207 1186 3320 4256 576
: 'GU&IngO]lg BRRD SOE5: O PRF AT 2174
Nifgxia 4731 4865 138 2435 2438 0
Fujian 4186 4666 480 1375 2250 515
SRR 4278 ARG R I 2 AL 6T 39
Higbei 4145 4567 422 3140 3431 291
Hinjiang 4543 4556 13 3808 3913 5
“Sichuan: 3489 T AAZ e AT e 30T T 3805 208
Shanghai 4047 4403 356 2162 2337 175
Tianjin 4162 4356 194 1679 1807 128
Shaanxi 3860 4345 435 4344 4514 170
hejiang 4133 e med s S i
fiangsu 3772 4276 504 1406 1549 143
Beijing 3624 3528 304 1853 2049 156
Cunan B Sgag o Tty Sgeg il 3158 509
hiner:Mongcelia 2665 38502 1137 2236 2705 469
Hebei 3650 3740 80 3210 3265 95
GL[HIngI . X734 SRRl L L LGB L L L L L L L LR A L L Ll L L A8 1487
Shandong 3435 35598 163 2119 2174 95
Guizhou 2365 3456 587, 3474 3766 282
. }]]“1 ...... B3TE o BAS0 FE OS] 2724 73
Hainan 220G 3405 1259 1964 2436 472
Shanxi 2395 3137 242 4653 4830 137
CoHenan:in 2333 ChEARAR I SR R R MR e A 80 32
Liaoning 2686 2802 2006 2770 2830 GO
Heilongjiang 2486 2724 228 2588 2616 28
Yurnan 1667 2505 838 3214 3762 948
LAnsy 2261 2475 214 4956 4955 3
Qinghai 1805 2362 457 4700 4700 )
Average 3339 3854 514 25950 3283 333

To analyze if China’s processing exports to East Asian countries are more sensitive to export distance and less sensitive to
import distance than its processing exports to Western countries, we introduce a dummy variable, East;, that equals 1 if the
country of destination is an East Asian country and 0 if the destination market is a non-Asian OECD country. We then introduce
interaction terms between £ast;and our two distance variables In ExDist; and In ImDist; as independent variables in our model.

Finally, we add a number of standard control variables that may affect the relationship between distance and processing
exports. Specifically, we use data from, respectively, China’s Statistical Yearbook and from the World Bank to include controls
for GDP per capita (GDPpc;;) and population size (Pop;;) for Chinese provinces and destination markets. We also use data from
China’s Statistical Yearbook to add a control for Chinese provincial wages {Wagez).

In summary, we estimate the following equation:

InEX;;y = By + B, IncGDP pci: + B, InGDPpcj + B; IncPop;, + B, InPop,

+Bs InWage; + B ln ExDisty; + 7l IDist; + Bg lnImDist; + ByEast; (16)

+BioEast;  In ExDisty; + B, East; - InImDist, + A + g
where EXy;; is the value of exports from province i to country j in period t; cGDPpcy and cPop; are the GDP per capita and
population of province iin period t; GDPpc; and Pop,; are the GDP per capita and population of the target country jin period t;
Wage;; is province i's wage in period t; ExDist;; is export distance between province i and country j; IDist; is internal distance;
ImDist; is the weighted import distance for province i in period t; East; is a dummy variable that equals 1 if the destination
country is an East Asian country, and is 0 otherwise; A, is the time effect; and ¢ is a white noise disturbance term.

Hypothesis 1 will be confirmed if In ExDist; and In ImDist; both have a negative effect on processing exports. Hypothesis 2

will be validated if (i) the coefficient on the interaction term between East; and In ExDisty; is significantly negative and {ii) the
coefficient on the interaction term between East; and In ImDist; is significantly positive.

5. Results

Table 4 presents our estimation results of Eq. (16), which are OLS coefficient estimates with robust standard errors in
columns 1 to 5 and IV estimates in column 6. Column 1 includes the independent variables that are generally used in gravity
equations. Column 2 adds import distance ln fmDist;; as an independent variables. Column 3 includes the dummy variable
East; and the interaction terms. Columns 4 and 5 show the estimation results for the subsamples of East Asia and non-Asian
OECD countries, respectively; whereas column 6 includes the full sample for the IV estimation.
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Table 4
Benchmark and 1V regression results, 1997-2005.

Dependent variable: log of bilateral processing exports

0L v
All East:Asia OECD All
(1} {2) 3} # (5] (6}
GDI:per capita (province) 1.046™" 05217 0,955 0:8507" 0508 0.872"
S lneGDPpE) (00413 e 00AB) e R0 e e (DB e e 0, 048) {0.386)
GDE:pe: capita (colntry) 0:8417 08207 0.586™" 07877 1.140° 0.985""
(N GOPpE) (0:014) (60743 {0016} (0018 {0.026) {0.017)
“CPopulaticn (province) 13067 282 T2 T2t 13497 1.278°7
{IncPop} (0.023) [6:0233 {0:022) (00373 {0.025) {0.0871)
Population (countiy) 1.0207" 1.020° 05737 0:6607% 11247 09737
SAnPopy- (0.013) e nn(0013) e T D3y e T 0018 e e 1(0.015) (0.013)
Wage (province) 2634770 30137 285577 27247 307177 29977
{Ini Wage) (0.091) {0:693) {0.088) (0.145) {0.107) (D.248)
Exportdistance ~11617T STABI 0271 203015 <0.161 0.307
N ERDisty oy @t O Gody (0127} (0.230)
tnternal distance Z04787 D3 0A32T LA S04477 “DADDT
(I HRISE) (0.0113 (0:614) {0013} ©.021) (0,016} (0.150)
i ..“ﬁljb.ft..d.istance it Sl 70507“‘ 701670‘“ 70‘353“’ 70588“" 7.1 023
(I inaist) [0:069) [0.074Y (0.706) {0,081} (1.581)
East e = 3.260° E = 3417
B 1 e e e e I N L (305 (2389}
East st Export distance = < ~0.66077 s = —0.7007"
(Edst % 1nExDist) 01310 {0.251)
Eastsclmport distance < e AR | %0 ) e e A 05367
{East:x In.imDist) {0:093) [0.165)
Yéair duminy Yes Yes ¥es Yes Yes Yes
Dbservations 8,044 8,044 B.044 23580 5654 5.043
# 0.752 0:755 0774 0.77% 0777 0.773

Notes: Robust standard errors are in parentheses.
° Means significant at 10%.
“ Means significant at 5%.
" Means significant at 1%.

The results generally provide support for Hypotheses 1 and 2. First, we find some evidence for Hypothesis 1. Specifically,
in column 2, both coefficients on import distance and export distance are negative and statistically significant. In column 3,
the coefficient on import distance remains negative and statistically significant, but the coefficient on export distance is
positive. Comparing columns 4 and 5, the results suggest that import and export distance both have a negative impact on
processing exports to East Asian countries; import distance has a negative impact on processing exports to non-Asian OECD
countries, but export distance is an insignificant determinant of processing exports to non-Asian OECD countries.

Second, we find strong evidence in favor of Hypothesis 2. Specifically, we find that in column 3 the coefficient on
East; x In ExDist; is negative and statistically significant, while the coefficient on East; x In ImDist;, is positive and statistically
significant. In line with Hypothesis 2, this suggests that processing exports destined to East Asian countries are more
sensitive to export distance and less sensitive to import distance than processing exports destined to non-Asian OECD
countries. The coefficients on import and export distance in columns 4 and 5 are also in line with Hypothesis 2. Namely, the
absolute value of the coefficient on Ln Exf)ist is larger for processing exports to East Asian countries than to non-Asian OECD
countries; whereas the absolute value of the coefficient on In fmDist is smaller for processing exports to East Asian countries
than to non-Asian OECD countries.

The other coefficients in columns 2 to 5 all take on the expected signs. Processing exports are larger for more populated
provinces, with higher GDP per capita, higher wages, and lower internal distance. In addition, processing exports are greater
for destinations that are more populated and have a higher GDP per capita. Finally, the positive coefficient on the dummy
variable Egst; suggests that there are extra trade costs related to inter-regional trade.

By comparing the other coefficients in columns 4 and 5, we are able to identify additional differences between processing
exports toEast Asian versus non-Asian OECD countries. The results show that the coefficients on In cGDPpcy, In GDPpc;, In cPopy;,
In Papj, ln Wagey, Ln IDist;are inabsolute value alllarger for the subsample of non-Asian OECD countries than for the subsample of
East Asian countries.'*This implies that processing exports to non-Asian OECD countries tend to concentrate in more populated
provinces with higher GDP per capita, higher wages and smaller internal distance than processing exports to East Asian countries.
Moreover, processing exports to non-Asian OECD countries are mainly shipped to richer and larger destination markets.

4 A positive coefficient on Inwage is in line with previcus studies. Using data frem 1996 to 1899 to examine the effect of labor costs en FDI lecation, Gae
(2002) also obtains a pesitive coefficient on the OLS estimation of real wages.
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Fig. 5. Share of precessing trade by province, 2005.

6. Robustness checks
G.1. IV estimation

A potential endogeneity problem may exist in our empirical framework in that unobserved factors that are correlated
with processing exports also influence import distance. For example, locations that are considered ideal for processing
activities due to their proximity to the destination marlket may simultaneously be favorable because of their closeness
to suppliers in the destination market. In order to account for this potential issue, we adopt an instrumental variables
approach in which we use “supplier access” as an instrument for import distance fmDist;. Supplier access is an economic
geography concept proposed by Redding and Venables {(2004) to measure a location’s access to foreign sources of input
supply. To measure supplier access, the authors develop a 25LS procedure to estimate for each location an appropriately
distance-weighted measure of the location of its import supply. This approach was adapted by Ma (2006) to Chinese
data.

To estimate supplier access, in stage one, we estimate a gravity equation of Chinese processing imports by province with
year and country dummies. The estimated coefficients from the gravity equation are then used in stage 2 to calculate the
supplier access variable by applying the following equation:

J N N
SAw = efln x IDist]" x ExDist?, (17)
=1

where Sﬁif denotes province i's supplier access in year t, ilf and Xzf are the coefficients on internal and external distances,
respectively and 7}, denotes the country dummy.

Column 6 of Table 4 shows the estimated results using the instrumental variable. Our instrument passes the Stock-Yogo
wealk 1D at the 10% level and is correctly specified according to the Hansen test. Moreover, the IV estimation using the full
sample yields results that are similar to those in the benchmark specification provided in column 3. Specifically, there is
strong evidence for Hypothesis 2 in that the coefficient on East; x In ExDist; is negative and statistically significant, while the
coefficient on East; x InImDist; is positive and statistically significant. However, contrary to the benchmark results, the
coefficients on ln ExDisty, In ImDist;, and East; are insignificant.

G.2. County-level estimation

Another estimation issue arises from the potential presence of industrial clustering in particular regions and the level of
aggregation in our analysis. First, there might be structural differences between the processing trade patterns of coastal and
internal provinces. As is shown in Fig. 5, 97.2% of processing exports and 97.6% of processing imports are conducted by the
ten coastal provinces listed in the figure.

Provinces may also be specialized in different industries. To measure this, we can calculate a variant of Finger and
Kreinin's {1979) export similarity index that measures the overlap of a province's processing export bundle with that of
Guangdong.'® The motivation for using Guangdong as benchmark is that this coastal province accounts for over 40% of

'3 The expert similarity index is defined as ESl;p = 3o Imin(s; 5,5, ) » 100], where s;; and s;, are HS§ industry 's shares in province j's and Guangdong'’s
processing exports. The index varies between zero and 100, with zere indicating complete dissimilarity and 100 representing identical export composition.
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Table 5
Export similarity index relative to Guangdong, by province, 2005.
Coastal provinces Export similarity index Internal provinces Export similarity index
Beijing 1517 Hebei 6.93
Tianjin 2546 Shanxi 5.68
<:Haoning 2178 Cin Inner:Mongolias o i 6,13
Shanghai 35.65 Jilin 4.52
Tiangsu 47.30 Heilongjiang 3.78
Zhejiang 27.04 Anld 6.80
Shandong 28.8% Henan 2.06
Hainan 2.3% Hubei 11.27
...................................................... BHiRGR o b E TR R R 461
Guangxi 4.15
Sichuan 535
Yunian 1:12
Shaarxi 130
...................................................... GallS s e 0.74
Qinghai 0.25
Niiigkia 0.12
crnfiang 1.30
Average coastal 25.44 Average internal 4.55

China’s processing trade (see Fig. 5). In Table 5, we see that the processing export composition differs significantly across
provinces. Compared to Guangdong, Ningxia {an internal province) has an export similarity index of only 0.12%, while
Jiangsu (a coastal province) has an export similarity index of 41.30%. At the same time, the table suggests that the coastal
provinces are more similar in comparison to the internal provinces. The averages of the export similarity indices are 25.44 for
the coastal provinces and 4.55 for the internal provinces.

Ideally we should control for these structural differences between provinces by disaggregating our analysis at the
industry and county level. However, we are limited by the lack of available data. Specifically, it is not possible to disaggregate
the analysis at the industry level because we do not have the necessary input-output information regarding the combination
of inputs that are used to produce specific exports. For example, semiconductors can be used to produce both cars and
computers. The processing trade data identifies the value of semiconductors that are imported by a certain location but not
in which industry they are put to use. Furthermore, conducting a full analysis at the county level is not possible since we are
limited by the available number of explanatory variables. Most notably, information on Chinese counties’ GDP per capita,
population, and wages is not available.

To at least partially address these estimation issues, we re-estimate Eq. (16) at the county level, while restricting the
analysis to the counties in the coastal provinces that have more similar export bundles (see Table 5).'¢ To control for
unobserved heterogeneity across counties and over time, we include in Eq. {16) county fixed effects, year dummies and
interaction variables between county and year dummies. Moreover, we use Eq. (15] to recalculate import distance at the
county level. The results of the county-level analysis are presented in Table 6. Column 1 of Table 6 provides support for
Hypothesis 2. In particular, an increase in export distance leads to a larger decrease in processing exports destined for the
East Asian countries. Conversely, processing exports shipped to East Asia are less sensitive to import distance than those
exported to non-Asian OECD countries.

We further disaggregate the county-level analysis for the coastal region to differentiate between processing exports
by foreign-invested enterprises {FIEs) and domestic firms. We present the results of this analysis in columns 2 and 3 of
Table 6. In line with Hypothesis 2, we find that for both domestic firms and FIEs, processing exports to East Asian
countries are more sensitive to export distance and less sensitive to import distance. But the coefficient on the interaction
between East and ImDist; is not significant for FIEs. A comparison of the coefficients in columns 2 and 3 of Table 6 suggests
that processing exports by foreign firms are more sensitive to GDP per capita, population and export distance.
Furthermore, processing exports shipped to East Asia by foreign firms are more sensitive to export distance and less
sensitive to import distance than those shipped by domestic firms. This latter result may suggest that FIEs are primarily
used by Western production networks to process goods destined for larger and richer East Asian consumer markets;
domestic firms are used by Eastern production networks to process inputs from neighboring East Asian countries for
goods destined to Western markets. Overall, the results from estimating at the county level for coastal provinces provide
support for Hypothesis 2.

'8 The ceastal previnces are cemmenly censidered to include: Beijing, Tianjin, Liacning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandoeng, Guangdong and
Hainan.
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Table 6
County regression results, 2000-2005.

Dependent variable: log of bilateral processing exports by coastal counties

Total Foreign-invested enterprises Domestic firms
(1) (%) (3)
" DB per capita (count) T paE TRR e Bpepeien
(0.008) [0.009] {0.011)
Population {country) G977 0563 08677
OB e i g s s {0,008}
Expoltdistance = 0.077 17 ~0.080
(0.066) [0.078) {0.094)
CEastoii ARG FBOG 0387
(0:636) [0.747) (0:39%)
East s Export distance =0:232°" =059 —0:158"
1L R 4011150 o R e R e {0.097)
East s Import distance 0201 0062 0.2607"
(0:035) [0:040) (0:044)
s ¥earduininy e Yoo Yes
Coiunty dummy Yes Yes Yes
Year x County dummy Yes ¥€s Yes
Observations CSEBE0HD e e L R R e e 23192
7 0744 0:748 0.667

Notes: Robust standard errors are in parentheses.
“ Means significant at 10%.
“ Means significant at 5%.
“ Means significant at 1%.

7. Conclusion

This paper has unveiled an interesting pattern in China's processing trade. In a cross-section of Chinese provinces,
the average distance traveled by processing imports (import distance) is negatively correlated to the average distance
traveled by processing exports (export distance). To explain this pattern, we have built on the recent literature on
export-platform FD1 to set up a three-country industry-equilibrium model in which heterogeneous firms from two
advanced countries, East and West, sell their products in each other’s markets. Each firm can use two modes to serve the
foreign market. 1t can directly export its products from its home country. Alternatively, it indirectly exports to the
foreign market by assembling its product in a third low-cost country, China. Since China is located in the geographical
proximity of East, our model provides an explanation for the negative correlation between export and import distance
for China’s processing trade: the inputs that China imports from the nearby East are processed into final goods and
exported to the far-away West. Conversely, the inputs that Chinag imports from the far-away West are processed into
final goods and exported to the nearby East. Our model has also established two theoretical predictions relating China's
geographical location to its processing trade patterns. First, China's processing exports are negatively affected by both
an increase in import distance and a rise in export distance. Second, China's processing exports to East Asian countries
are more sensitive to export distance and less sensitive to import distance than its processing exports to non-Asian
countries.

Using data on China’s processing trade, our empirical analysis finds support for the theoretical predictions of the
model. Specifically, we find some evidence that China's processing exports are negatively affected by import and export
distance. Furthermore, we find a strong confirmation that processing exports to East Asian countries are more sensitive
to export distance and less sensitive to import distance than processing exports to non-Asian OECD countries. The
empirical evidence is consistent with the claim that China's attractiveness as a labor-intensive offshoring location is,
among other factors, driven by its geographic location. Production networks centered in East Asia consider China's
proximity to input suppliers in the East Asian region to be a driving factor of their offshoring decisions. Conversely,
production networks centered in the West deem China’s vicinity to East Asian markets as a main determinant of their
offshoring decisions. This paper provides new insights into China’s role in world trade, which is of major concern to
policy makers.

One limitation of our theoretical analysis is our assumption that downstream production stages are more footloose than
upstream production stages. That is, we follow the literature on export-platform FDI by assuming that advanced country
firms decide where to locate final assembly activities while taking the location of intermediate good production as given.
This assumption may not hold in all industries. In some cases, it may be that upstream activities are more footloose than
downstream production stages. Contrary to our model, advanced country firms then may decide to move their upstream
production stages to East Asia in order to be located in the vicinity of downstream production stages in China. As our
empirical analysis may also support this scenario, further empirical research is therefore required to analyze the relative
footlooseness of China’s processing activities.
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Appendix A. Theoretical model

In this appendix, we derive Eqs. (10)-(12) of the text. We start with the derivation of Eq.{10). In our model, three types of firms
sell their products in advanced country i: type-D domestic firms, ty pe-X foreign firms and type-P foreign firms. The representative
consumer spends amount ¥’ on industry output:

Y, = $2, + 2 + 2}, (A1)

where Qi,, 52;( and .Q}, denote the total industry sales of type-D firms, type-X firms and type-Pfirms, respectively. If we divide
both sides of the equation by £2, and rearrange, we obtain Eq. (10):

. yi
= A2
P ]+O4D‘p+o4x‘p, ( )
where
) _Qi)
Opp=—=, A3)
Dp 2, {
) 2
o, =—%, Ad)
Xpr _Q;, (

Next, we need to derive industry sales for the three firm-types: 2, .Qi( and .Qij. Denote a firm’s type with subscript k € {D, P,
X). Using Egs. (2) and (3), the revenue that a firm with type k receives in advanced country i equals:
. Bl
LR L

(A5)

where unit cost ¢, is given by Eq. (3). Using the unit cost function in Eq. (3) and the cutoffs presented in Egs. (7)-(9), we can
then aggregate the industry sales of firms with type k to be:

-Qi) _B]V_(ao,:-,!)’ (AG)
a2 B 7l S[V](a_x)o; V(ap)]’ (A7)
X i 1 &
where
_ (% sdex. A

V(a) fg %' *dG(x) (A9)
Inserting Eqs. (AG)-(A8) into {A3) and (A4) yields:

ol p = (Ttw)’ ACH] (A10)

Vigp)’
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Ol p = (W) ! (V(G%) - 1). (A11)

Viap)

In the text, we have assumed that firms randomly draw a labor-per-unit-output coefficient of a from a cumulative Pareto
distribution G{a) with shape parameter z. In that case, Helpman, Melitz, and Yeaple (2004 ) show that V(a), is also Pareto with
the shape parameter z — (g — 1). The Pareto distribution implies that

V(al)_ a z (8 1)
7o~ (&) #12)

for every a; and az in the support of the distribution of a. Inserting Eq. {A12) into Eqs. (A10) and {A11) and using the cutoff
conditions in Eqs. {7)-(9) then yields Egs. {11) and (12).

Appendix B. Adjustment for transshipments through Hong Kong
B.1. Export side

1. X = exports from province i to Hong Kong by HS-2 category k at time t.

2. 5,4, =share of Hong Kong's re-exports from China to country j by HS-2 category k at time .

3. Ty = S0t X Xize = Province i's exports to Hong Kong that are re-exported to country j by HS-2 category k at time t.
4. Add Ty to Xj. to obtain a province i's total exports to country j for category k at time t.

B.2. lmport side

1. Mz = province i's imports from Hong Kong by HS-2 category k at time t.

2. 1 =share of Hong Kong’s re-exports from country j to China by HS-2 category k at time ¢.

3. Vijre = Tojre % Mz = province i's imports from Hong Kong that are re-exports from country j by HS-2 category k at time t.
4. Add Vi, to My, to obtain a province i's total imports from country j for category k at time ¢t.
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