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Abstract  The gravity equation is usually employed by researchers in the field 
of international trade to explain the growth of a country’s imports and exports 
volume, especially the manufactured goods. But in China, variables in the model, 
such as exchange rate, tariff, transportation cost, and spatial distance etc., are not 
sufficient to explain the riddle of China’s growth in trade volume. In fact, this 
growth in China’s trade volume is owing to the disintegration of production in 
the process of economic globalization, to the multinational corporations’ (MNC) 
vertical outsourcing of their manufacturing processes and procedures, and to the 
timely readjustment of Chinese enterprises on their strategies of participating in 
the international intra-product specialization. In this paper we establish an 
equilibrium model of intra-product specialization dominated by MNCs, and do 
some empirical tests on the growth in trade volume in China by using the 
variables including technological conditions of trade, similarity of economies, 
policy conditions of trade, disintegration of production and level of per capita 
capital equipment. The empirical results support our basic judgments. 
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1  Introduction 

Since the reform and opening up, the import and export volume of China has 
been growing up steadily. The ratio of the imports and exports to GDP as well as 
the ratio of the finished products trade to GDP is growing up steadily year by 
year (see Fig. 1). 

 
Fig. 1  Ratio of Imports-and-Exports and Finished Products to GDP  

Data source: Statistic Yearbook of China (1987–2006), and Statistic Bulletin of the National 
Economic and Social Development of the People’s Republic of China in 2009. 

At the beginning of the reform, the products made in China are almost primary 
products and they occupy only a small part in the international market. However, 
the exports volume has increased over 50 times through 30 years’   
development. When making an inventory of the trade distributed in countries like 
OECD, over 90% of the Chinese products are manufacturing products. Today, the 
mark “Made in China” can be seen all over the world. At present, the total trade 
amount has exceeded that of Japan and has been approaching that of German. 
China will be the second largest trading nation in the world according to the trade 
growth at the present speed. Nowadays, although the international trading 
friction constantly aggravates and the expectations of the RMB appreciation is 
increasing, China’s trading volume has been developing rapidly. Since the middle 
of 1990s, China’s fast increasing of trading volume has become a riddle and 
attracts the researchers around the world. 

How can the growth of trade volume of China maintain a high speed for a long 
time? First, the favorable external environment of economic growth provides a 
stable demand for the commodity exporting from China; second, China has 
enlarged the scale of processing trade during the period of international industry 
shift; third, the process of industrialization has promoted enterprises to upgrade 
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their technology and the commodity; and the fourth, the rapidly growing domestic 
economy has promoted the development of imports and exports trade. In order to 
explore the riddle of the rapid development of China’s trade volume, researchers in 
academic circle have been discussing such issues from different aspects. 

Generally speaking, most of the discussions are from the macroscopic view. 
However, the view concerning the microscopic view appears recently even 
though most of the existing studies are qualitative illustrations which lack of the 
quantitative explanation. Besides, these only occasionally cover China’s growth 
of trade volume without specific research on it. Among the macroscopic 
theoretical literatures, researchers are inclined to discuss China’s growth of trade 
volume in terms of FDI and foreign exchange rate (Xie, 2005), or from the 
viewpoint of market division (Zhu and Jin, 2005), and some illustrate from the 
viewpoint of the national trade policy (Pan, 2005). The paper attempts to 
demonstrate that it is more significant to clarify the riddle of China’s growth in 
trade volume from the microscopic viewpoint. 

Here, the means about Lemoine and Ünal-Kesenci’s research (2004) should be 
mentioned. Although their research focuses on revealing the relation between the 
assembling trade and technology transfer and only simply discusses China’s 
processing trade growth, their statistic description, which is about the role of the 
specialized production from China’s garment industry to electronic industry in 
enhancing China’s exports volume of trade growth, gives certain implications for 
our further empirical research. Zhu and Jin (2005) attributes the tremendous 
growth of China’s exports to the distorted behavior of the forced exports of the 
enterprises which cannot meet the huge domestic demand and the merit of scale 
economy due to the serious home market division. Liao (2005) attributes the 
growth to multi-national corporations, that is, for the sake of integrated business 
and the prevention of technological advantage diffusion, those corporations often 
purchase semi-finished products from abroad or home. Meanwhile, there are no 
proper incentive mechanism and smooth financing channel for manufacturing the 
semi-finished products among the China’s enterprises, and kind or quality of the 
domestic-produced semi-finished products cannot meet the requirements of 
export. Moreover, China’s current processing trade policies are favorable to the 
imports of semi-finished products of processing trade but unfavorable to the local 
purchase. These not only cause the rapid increase of China’s processing trade but 
also occupy a large proportion in foreign trade. When focusing on the 
determinants of the exports of the foreign-funded manufacturing enterprises, He 
and Wei (2004) argue that, China’s volume of trade growth in a large extent is 
related to the exports of foreign-invested enterprises. The convergence of 
foreign-funded enterprises and industries in space prompts the exports of 
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foreign-funded manufacturing enterprises, especially the Asian investors and 
enterprises adopting the labor-intensive working procedure. As Gu and Wu (2003) 
say, the export-oriented trade transfer is a new impetus embedded in the 
international trade development of transferring economy by China’s foreign trade 
development. Taking the trade statistic difference and Sino-US trade balance as 
examples, Shen (2005) supposes that the different pricing pattern and the 
transportation lag effect between China and the US result in the bilateral trade 
statistic difference. If we eliminate the gross profit by transferring trade in Hong 
Kong and take into consideration the differences between imports-and-exports 
volume and statistics of the service trade and foreign-funded enterprises, the 
estimated value of the trade from China to the US will be very close to that from 
the US to China. Still some researchers probe more regional elements, for 
example, Li (2005) analyzes the determinants of China’s foreign trade, and Liu 
and Wu (2006) carry out empirical tests to the correlation and Granger causality 
relationships between the trade integration and the production disintegration 
further. 

Indeed, the above researches pay much more attention from different aspects 
of China’s trade growth. However, they are not specific studies on China’s trade 
growth, so they do not illustrate the microeconomic mechanism and do not give 
empirical evidence on the volume of trade growth in China and thus cannot crack 
the riddle of the rapid growth of China’s trade volume. In fact, the trade growth 
in China is mainly improved by labor-intensive products and low-added-value 
manufacturing products. Therefore, in order to find out the authentic causes of 
the rapid growth in China’s trade and figure out whether this growth will last for 
a long term, it is necessary to explore the microeconomic mechanism. This paper 
is an attempt to carry out the empirical research on China’s manufacturing 
industry participating in the international labor division, so as to provide the 
empirical evidence for analyzing the microeconomic mechanism of trade growth 
in China for the over past 30 years. 

The structure of this paper is as follows: In Section 2, we will point out the 
potential deficiency of various theoretical explanations for China’s trade growth 
through successive analyses, and present the main idea in this paper. In Section 3, 
we intensively analyze the microeconomic mechanism in trade growth in China 
under the international background of vertical disintegration of manufacturing 
industry driven by multinational enterprises by establishing the theoretical model. 
In Section 4, we will give some empirical evidence for these hypothesis by 
empirical tests based on the description of the driving forces of China’s trade 
growth. The last section gives the conclusion and further discussion.  
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2  Arguments and Review 

2.1  Theoretical Arguments 

 
In order to discover the myth of the growth of trade volume in China, researchers 
around the world give the following reasons to explain trade growth of a certain 
economic body under the background of economic globalization. First, the trade 
growth of a nation or a region is related with its policies of trade liberalization, 
that is, the tariff decline between nations will enhance the volume of trade; 
Second, the trade growth is concerned with the decline of the transportation cost, 
the shorter the distance between nations is, the higher their volume of trade will 
be; Third, the more similar among the nations’ economies are, the larger their 
volume of trade will be; and the last, the production disintegration in the 
international vertical labor division asks for more foreign trade of semi-finished 
products, which drives the growth of foreign trade.  

In terms of technology and market, the above reasons can, to some degree, be 
used to explain the foreign trade growth; however, these factors are hard to be 
quantified. Even so, the research (Feenstra, 1998) points out that the decline of 
transportation cost and tariff can only explain 2/5 of trade growth in the world, 
while the remain 3/5 cannot be explained by the above two, though the 
explaining power of the tariff decline theory is two times that of the 
transportation cost decline. In recent years, some scholars have tried to establish 
the gravitation model to explain the sayings like these, among which Feenstra & 
Markusen’s (2001) and Haveman & Hammels’ (2004) research can be judged as 
representatives. Although these models are delicately designed, their explaining 
power is still limited. It is shown by the database of the World Bank that the 
average world tariff level had been declining tremendously, while the volume of 
trade had been growing incrementally during the past thirty years from 1978 to 
2007. Consequently, although the average tariff level of the world is declining, 
and the explaining power of the tariff decline theory is two times that of the 
transportation cost, it is still difficult to be the real cause of the trade growth in 
China. 

Although all kinds of theoretical models attach great importance to the 
variable of transportation cost decline, the geographical distance between nations 
is becoming unimportant with the development of information and network 
technology, which reduces its explaining power of the trade growth of a nation. 
Some scholars (Helpman, 1987; Hummels, 1995) have carried out the research 
from the view of imperfect competition on the saying that “the more similar the 
nations’ economies are, the higher their volume of trade will be”, but the studies 
are just illustrative introductions. 
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Why does China’s trade grow in such a high speed? Accounting for China’s 
specific condition, the general explanations are as follows: firstly, China has 
seized the precious opportunities of the three world economic restructuring. The 
worldwide industrial restructuring in the 1980s is the first opportunity, which 
drives the foreign trade of China into the phase of rapid development. The 
second improvement of the structure of China’s exporting products took place at 
the beginning of 1990s, when China accelerated the exports of manufacturing 
products mainly on mechanical and electronic products. The third one is the 
significant growth of the exports of hi-tech products, which are represented by IT 
industry. Secondly, China has been attaching importance to improving the 
investment environment and absorbing foreign capital, which have yielded rich 
harvest, especially on the eastern coast area which attracts more foreign capital 
than the other part of China. Thirdly, China readjusts the foreign trade policies in 
time, such as the foreign trade contract policy, the foreign trade rights, the 
transferring from an examination and approval system to a registration system, 
and the permission of the private enterprises to deal with foreign trade directly. 
Fourthly, China’s economy has been growing steadily and constantly at an 
average annual rate of 9% since the reform and opening up 30 years ago. This 
establishs a firm base for the foreign trade development. 

Although the above four causes can explain the trade growth of China in some 
extent, they have not revealed the microeconomic mechanism of the trade growth 
since the reform and opening up; besides, they have not provided a reliable 
empirical evidence from the empirical view, either. Based on the above analysis, 
this paper will provide a new theoretical explanation for the internal mechanism 
of the trade growth in China, that is, it is supposed to be concerned with the 
international background of vertical disintegration of the multinational 
manufacturing industry. The most important transformation of the current world 
economic and trade pattern is mainly manifested as the international transfer of 
trade, investment and technology, which is constantly promoted by the economic 
globalization. Judging from the basic principles of economic analysis, the 
promotion of the economic globalization will inevitably be accompanied by the 
international labor division, which is the basis of economic linkages. Nowadays, 
the vertical disintegration has become an important feature during the production 
procedure of many manufacturing industries, especially the computer, appliances, 
automobile, garment and toy, mechanical and electronic products. Under the 
current economic globalization, even a new type of international labor division 
pattern, which features the working procedure division, has taken place to a 
certain extent in the service products, which is traditionally considered as 
untradable. 

Therefore, it is supposed in our paper that the microeconomic mechanism of 
dissolving the riddle of the rapid trade growth in China is the vertical 
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disintegration or the vertical production disintegration of the multinational 
manufacturing industry under the circumstance of intra-product specialization, 
and the results from the transform of the international production system driven 
by its globalization strategy of multinational enterprises. 

 

2.2  Our Viewpoint 
 
From the analysis above we can say that the analysis of the foreign trade features 
of China in the past thirty years is helpful in illustrating this problem, because 
China’s foreign trade is not distributed evenly among regions. It is shown in the 
statistics that the top three nations or areas with which China does trade and 
enjoy the largest imports and exports volume partners are Hong Kong, Japan and 
the US, while Guangdong, Jiangsu and Shanghai rank the top three in the major 
domestic imports and exports regions. Although the intermediary trade in Hong 
Kong plays an important role in transferring China’s foreign processing trade, it 
is only an important channel for the surging of FDI and the volume of trade, but 
not the final absorber of commodity trade. Such features of China’s foreign trade 
are greatly relevant with the vertical disintegration of the value chain in the 
international manufacturing industry operated by multinational enterprises. Due 
to its affluent human resources and strong supporting abilities to the 
manufacturing industry, the eastern coast region of China is proper to play the 
leading role of international agent of multinational enterprises, because, in order 
to enter the huge potential product market of China, multinational enterprises 
bring in not only FDI to China, but also some imported equipments, 
self-established factories, or vertical outsourcing, which promotes China’s 
imports and exports volume objectively. For example, the main reasons for the 
large multinational corporations, such as GM and Ford, entering the Chinese 
market are not only to avoid the tariff, but also, more importantly, to utilize 
China’s low wage as their cost advantage. When they distribute the 
made-in-China products to overseas countries, these corporations will not only 
enjoy the taxation benefit, but also cater to China’s “purchasing from China and 
selling outwards” foreign trade policy. Since foreign enterprises devote to 
investing and establishing factories in China, and distributing the products 
labeled with “Made in China” to overseas countries, China’s foreign trade 
volume has grown up.  

3  Mechanism Analysis 

3.1  Theoretical Base 
 
Generally speaking, there is little research on the trade growth in terms of the 
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production disintegration. Among the current literatures, the major studies are as 
follows: Dixit and Grossman (1982) explore the distributing methods in different 
nations of the multi-working procedure system by establishing theoretical models; 
Jones and Kierzkowski (1986) study the spatial detached fragment production 
during the production; Feenstra (1998) focuses on the symbiotic relations 
between the trade integration and the production disintegration in the global 
economy; Gereffi (1999) analyzes the production disintegration in terms of 
global commodity value chain by taking the garment industry as an example; Ng 
and Yeats (1999) discuss the volume growth of the parts and components trade in 
East Asia from the view of the production disintegration; Hummels et al. (2001) 
study the processing trade with the input-output statistics; and Yi et al. (2003) 
present the causes of the rapid growth of the volume of trade in the modern 
world from the view of vertical international labor division. The above 
mentioned researches are all qualitative descriptions, and most in the view of 
developed countries, while ignoring the situations of developing countries. 

In fact, apart from the tariff decline and the trade policy dynamic adjustment, 
China’s trade growth has more relations with its timely participation into the 
production disintegration of multinational corporations. That is to say, the 
vertical disintegration of the production disintegration or the production 
procedure has made it possible for parts and components and semi-finished 
products in the production of some specific products transferred among different 
nations for many times. The repeated calculations on the semi-finished and 
finished products are the main causes of that China’s trade growth is obviously 
faster than its GDP growth during the last decades. The different procedures of 
one product, because of the production disintegration, are detached to different 
nations and regions, and are finally accomplished through a great deal of 
trans-boundary transmission of parts and components and semi-finished products, 
which results in the situation that the international trade value derives from the 
production process of specific products exceeding much that of the finished 
products. It is shown by a lot of statistics that the more the products are adapted 
to the production disintegration, the faster their international volume of trade will 
grow. Therefore, China’s participation into the production disintegration of the 
international production system reform led by multinational corporations plays a 
key role in explaining its rapid trade growth. 

Since an important tendency of the current international labor division is the 
transfer from the product division to the procedure division, which is 
demonstrated by the fact that more and more production procedures of specific 
products are detached to different countries and regions. Theoretically, economic 
rationality of the production disintegration mainly comes from comparative 
advantages and scale economic advantages. Comparative advantages are 
guidance for the international distribution structure of the production 
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disintegration, while the economic advantage of scale can exert the influence as a 
substitute for the vertical economy to some extent. Lu’s (2004) study is the most 
innovative one in this field. It is pointed out that the production disintegration, as 
a new type of international labor division which distinguishes the traditional 
inter-industrial and intra-industrial labor division, has broken through the 
features of high centralization of the spatial distribution in early factories. It 
gradually separates the traditional working procedures and distributes them to 
different nations and regions, which results in the trans-regional or transnational 
production chains or systems. Therefore, more and more countries directly take 
part in the different working procedures or production activities of some specific 
products, which establishes the domestic and international production 
disintegration. 

Because the production disintegration has a short history, most of the current 
models on trading growth theory take the products as the basic unit, and set the 
impartibility of product as the underlying prerequisite, so as to reject a priori 
hypothesis on the attention to the international labor division of work procedures. 
As a result, these models does not bring the production disintegration into 
consideration, so that they cannot be used as the explanations on the 
contemporary processing trade, and the internal mechanism of the trade growth 
in China through the reform and opening up policy. Nowadays, the significant 
fact of the Chinese foreign trade is growing rapidly in processing trade. From 
1978 to 2007, the average annual growing rate of the processing trade is 27%, 
which is over four times that of the world trade, and two times that of the 
Chinese non-processing trade. Therefore, when analyzing the trade forms, the 
processing trade dominated by the international capital flow of multinational 
corporations is a breakthrough point to interpret the mechanism of trade growth 
in China, and explore the riddle of the rapid trade growth in China. 

 

3.2  Model Analysis 

 
In the international production system with vertical disintegration, intra-product 
specialization is dominated by the multinational corporations. It is assumed that 
there are nations h (homeland of the multinational corporation) and f (the host 
country), and both of which produce homogeneous products, X and Y. There are 
two factors of production, the general production factor, L (abstracted as work) 
and the special production factor K (abstracted as capital). L can flow freely 
between industries but not between nations. L can produce both X and Y, while K, 
as a special production factor, is mainly used to produce Y. L can be regarded as 
either fixed cost or variable cost, when it is used to produce X, and if L flows 
between nations, there will exist transaction cost. It is assumed that one unit of L 
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can produce one unit of X. There will be no transaction cost when Y flows 
between nations. 

In the model, the subscript (i, j) stands for the two nations (h, f). Produced by 
nation i, and Y is the C-D function of production, while Ki is the factor 
endowment of nation i. The production function of product Y is:  

αα −= 1
iiyi KLY ， h, fi =  

Since wi stands for the wage of L, and r  stands for the rent of K, both are 
determined by the marginal production function of the Y production, namely:  

1)/( −= αα iiyi KLw ， αα )/)(1( iiyi KLr −= ， h, fi =  

If the scale of production X increases, L will flow from department of Y to that 
of X, thus enhance the ratio of LK / which stands for capital assembly rate per 
capita, as well as the capital cost rate of element L. If L cannot flow between 
nations, the supply curve of production Y must curve upward and backward. 
Therefore, within a closed economy, when the production scale enlarges, the 
multinational corporation will be surely limited by the rising of its wage cost. On 
the contrary, when the global outsourcing is taken into consideration, the 
multinational corporations will consider distributing some vertical separable 
production procedures to developing countries with low wage. Owning to our 
labor market is nearly full elastic supply, which meets the low wage cost demand 
for multinational corporations, the non-core production procedures will be 
outsourced to China. 

The vertical disintegration of production procedures in spatial distribution 
helps the manufacturing enterprises in China utilize its comparative advantages 
in the production disintegration. It is assumed that the Y-axis is the homeland (h) 
of the capital-intensive multinational corporations, while the X-axis is the 
labor-intensive host country (f). The expansion line of production in nation h is Y, 
while the expansion line of production in nation f is X. If the expansion line of 
production Y has larger slope, the proportion of capital investment will be larger 
with a capital-intensive feature. It is reverse of production X, which is 
labor-intensive. The whole process can be shown in Fig. 2. 

According to the above analysis of C-D function as well as Lu’s analyzing 
method of intra-product specialization, it is assumed that line AC and BD 
respectively represent the Iso-cost curves with the same value of nation h and f. 
Obviously, the lower relative capital-to-labor price shows the factor structure 
feature of developed countries with comparatively richer capital, while the lower 
relative labor-to-capital cost shows the structure feature of the developing 
countries with comparatively more labor resource. According to the standard 
theory of international labor division affected by comparative advantages, the 
comparatively labor (or capital)-intensive products should be produced in the 
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Fig. 2  Production under Vertical Disintegration 

countries whose labor (or capital) resource is richer and thus price is lower. The 
ray OS is the vector or blending proportion of the designated labor and capital. It 
intersects the Iso-cost curves with the same value of the two nations at point N, 
so it implies the critical point of international labor division.  

The left region over the line OS is the capital-intensive region, while the zone 
beneath the line is the labor-intensive region. Without including the 
transportation and other transaction costs, there are some factors with the higher 
capital proportion, and the production expansion line slope larger than that of the 
line OS. Therefore, this part of products should be produced in a specialized 
method by nation h which has the richer capital resource and comparatively 
lower capital price. As for the factors with the lower capital proportion and the 
production expansion line slope smaller than that of the line OS, this part of 
products should be produced in a specialized method by nation f, which has the 
richer labor resource and comparatively lower labor price. Specifically, the 
higher the K/L ratio in China is, the more competitive China’s trade will be. 

Because the factor L cannot flow freely between nations under the closed 
condition, the increasing of Y in nation h transfers L from sector X to Y, which 
increases K/L, the capital assembly per capita of the production of X, and finally 
enhances the cost of factor L. If the production procedures can stay vertical 
disintegration in space, then nation h can make vertical disintegration in its 
production procedures, such as the detachment of OV procedures to nation f, 
which is labor intensive, and keep the K intensive procedure of OZ to itself. 
Whether the final vector OZ should be at the top left or the bottom right is 
decided by the value increase from procedure OV and OZ, and the degree of the 
procedure complexity, as well as the ratio of the production volume of X and Y. 
The Iso-cost curve of Z ' lies in the inner part of that of N ', which finally gives 
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extra economic benefits. 
The feature of spatially vertical disintegration of production procedures in Fig. 

2 can be demonstrated by Fig. 3. In Fig. 3, under the domestic labor division 
condition with production factors not flowing freely, the equilibrium points of the 
production and consumption of nations h and f will be at P and C, and the X of 
exported amount of PA equals to the value of Y of imported amount of AC. In the 
international labor division with factors that can freely flow, the equilibrium 
point of production is at point E. Compared with the trade level point D which is 
not spatially separable in its production procedure, at the trade level point E, not 
only the production efficiency grows a lot, but the intra-industry volume of trade 
of the economic bodies also increases tremendously.  

 

 
Fig. 3  Trade under Vertical Disintegration 

 

According to the above, the production disintegration of multinational 
corporations will promote the growth of the internal trade or the foreign 
investment and international outsourcing of multinational corporations, which 
will enhance the volume of trade, especially the manufacturing product volume 
of trade for the host country. It is obviously that the spatially vertical 
disintegration of the manufacturing procedures of multinational corporations 
exerts certain endogenous relationships between the production disintegration in 
the microscopic view and the volume of trade growth of the host country in the 
macroscopic view. It is worthwhile to noting that the matching capacity of host 
country and the foreign capital is a very important bounded variable. Therefore, 
the LK / , the capital assembly rate per capita of the host country plays an 
important role in its processing trade, which will be measured in the following.  
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4  Empirical Evidence 

4.1  Model Setting 

 
According to the theoretical analysis above, we can set the following functions to 
show the relationships among the different variables. 

),,,,,( VertDperKPolicyAkinTransfTrade =  

According to the research requirement of this paper, when taking the 
characters of the gravity model structure into account, the above function can be 
developed as following: 

)ln()ln()ln()ln()ln()ln( VertDperKPolicyAkinTranscTrade +++++=  

In this model, Trade refers to the volume of trade; Trans is the technical 
variable of trade, which can be demonstrated by the decline of the transportation 
cost; Akin refers to the similarity degree of economic entities; Policy is the policy 
variables of trade, which can be shown by the comparison between the 
processing trade and the general trade; VertD refers to the production 
disintegration or the degree of vertical disintegration; and perK is the capital 
assemble level per capita. 
 

4.2  Data and Variables 
 

(1) The data of Trade comes from the total volume of imports and exports 
derived from Statistic Yearbook of China and Foreign Economic and Trade 
Yearbook. 

(2) The data of Trans is figured out by weighing sums of the statistics of the 
main international transportations of products in the Statistic Yearbook of China, 
including the mileage and miles per hour of railways, the throughput and berth 
number of shipping ports, and the air cargo transportation volume. 

(3) According to China’s foreign trade model, and the intra-corporation and 
intra-industry trade formula, the data of Akin is calculated from the imports and 
exports volume of the processing industry in the Statistic Yearbook of China and 
the Foreign Economic and Trade Yearbook. The basic formula is: Akin=100(1－
/(X－M)//(X＋M)), here, M refers to imports, while X refers to exports. 

(4) The data of Policy is accounted from the statistics of FDI, as well as the 
imports and exports intensity of the processing and general trade in the Statistic 
Yearbook of China and the Foreign Economic and Trade Yearbook. The imports 
and exports volume of processing trade is divided by the sum of the processing 
trade and the general trade, and then multiply the proportion of FDI. 
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(5) The data of perK is calculated by statistics in the Statistic Yearbook of 
China, which including the outlay law in the national economic accounting, the 
total volume of capital of manufacturing industry in GDP, and the amount of 
people engaging in manufacturing. The formula is perK= total volume of capital 
/ amount of people. 

(6) The data of VertD is calculated with the statistics in the Statistic Yearbook 
of China, applying the definition of the VAS method and I-O method. In the VAS 
method, VertD=M/Y=1－ VA/Y, in which M refers to the investment of 
semi-finished products, VA refers to the increased value, and Y refers to the sales 
income or the output. In the I-O method, VertD=(the value of import 
semi-finished products/total output)×export value. The data of VertD can be 
calculated as follow: with the direct input coefficient matrix in the input-output 
table of the Statistic Yearbook of China, the value of semi-finished products 
investment of imports every year is gotten. With the [I−AD]−1 of the I-O method, 
the share of the exports part in the imported semi-finished products investment 
can be figured out. Finally, the product of the above two data should be divided 
by the total outputs. In order to avoid the year discontinuity in the input-output 
table, the VAS method is utilized to convert and analyze the data of each year in 
the statistic yearbook. The converted proportion multiplies the data from the 
[I−AD]−1 of I-O method, so as to get VertD.1  

The data of the manufacturing industry has been selected by this article, 
because it is the manufacturing industry where the production disintegration of 
international labor agent mainly appears. This solution is consistent with the 
theoretical model and assumptions mentioned above. 

According to the above definition, the time-series data of the six variables of 
the thirty years from 1978 to 2007, Trade, Trans, Akin, Policy, perK and VertD 
can be figured out.  

 

4.3  Empirical Tests 
 

4.3.1  OLS Regression and Result Analysis  

 
In the following, Trade will be treated as the dependent variable, while Trans, 
Akin, Trade policy, perk and VertD will be used as the explanatory variables to 
                                                        
1 Due to the definition of I-O method of vertical specialization by Hummels (2001), the 
production disintegration mainly includes three aspects: (1) one product produced in two or 
more consistent phases; (2) two or more nations provide the value increase in the production 
procedures; and (3) at least one nation has to use the imported inputs during its production, and 
there must be one part of the products used in export besides the part used in domestic 
consumption and investment.  
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carry out the simple OLS regression. It can be found that the effect of the 
regression is significant. If we set the logarithms of the variables as the level of 
the significance improved. The results of the multi-stage regression of the 
variables’ logarithms are shown in Table 1. 

Table 1  Regressions on China’s Volume of Trade Growth (1978–2007) 

Dependent variable: ln (Trade) Explanatory 
variables 1978–1992 1993–2007 1978–2007 

–47.46 –3.04 –34.85 –89.35 –1.48 –0.50 –50.70 –1.45 –25.19 
Constant 

(4.97) (1.82) (6.03) (24.17) (0.54) (6.37) (11.55) (0.45) (4.45) 
5.65***  3.71** 9.42***  0.23* 5.85***  2.62***

ln (Trans)
(0.54)  (0.80) (2.31)  (0.14) (1.26)  (0.48) 
0.03  0.19 –1.12  0.43* 0.78**  –0.10* 

ln (Akin) 
(0.16)  (0.18) (1.10)  (0.27) (0.28)  (0.06) 
0.18**  0.05 2.05**  1.37*** 0.25*  0.14** 

ln (Policy)
(0.07)  (0.12) (0.74)  (0.40) (0.13)  (0.06) 

 1.22** 0.81**  0.85*** 1.22***  0.96*** 0.94*** 
ln (perK)

 (0.59) (0.46)  (0.12) (0.13)  (0.08) (0.06) 
 0.12 –0.09  0.33*** 0.10*  0.18*** 0.09** 

ln (VertD)
 (0.09) (0.07)  (0.07) (0.09)  (0.04) (0.05) 

R2 0.985 0.961 0.983 0.845 0.983 0.991 0.965 0.993 0.996 
Adj. R2 0.981 0.953 0.979 0.771 0.974 0.983 0.947 0.981 0.987 
D–W stat 1.337 0.809 1.928 1.145 2.031 2.110 0.635 1.112 1.854 

Note: ***, ** and * denotes statistical significance at the level of 1%, 5% and 10% respectively, 
while numbers in parentheses are standard deviation.  

In Table 1, the result of ln (Trans), namely the logarithm of the transportation 
cost, declines, and it is very significant in both the subsection and the whole 
process regressions. As for the ln (Akin), namely the logarithm of economic 
entity similarity, the effect of subsection regression between 1978 and 1992 is not 
very significant, while that of the whole process regression between 1993 and 
2007 and between 1978 and 1992 is very significant. For the ln (Policy), namely 
the logarithm of trade polices, the significance of regression result is between 
that of ln (Akin) and ln (Trans). Besides, as for the ln (perK), namely the 
logarithm of the capital assemble rate per capita, the result of subsection and 
whole process regression is very significant. As for the ln (VertD), namely the 
logarithm which reflects the production disintegration and the vertical 
disintegration, the regression result of subsection regression between 1978 and 
1992 is not very significant, while that of the whole process regression between 
1993 and 2007 and between 1978 and 2007 is very significant. The regression 



314 Fuxiang Wu, Zhibiao Liu  

result also shows that the explaining power of models increases while ln (perK) 
and ln (VertD), as explanatory variables, are brought in on the basis of ln (Trans), 
ln (Akin) and ln (Policy). Therefore, all of the explanatory variables are 
consistent. 

The regression results in Table 1 are consistent with the facts and judgments of 
the international production system reform resulted from the vertical organization 
structure disintegration of the multinational manufacturing enterprises. As 
pointed out by Feenstra (1998), the vertical integration had always been the 
major operation pattern before 1980s. While the trend of economic globalization 
is the most significant after 1990, the vertical disintegration has become the main 
developing direction of the global manufacturing industry. With the logarithm 
forms of China’s volume of trade as dependent variables, the empirical results 
support Feenstra’s judgments. 

Of all the explanatory variables, the empirical effect of the subsection and 
whole stage regression from 1978 to 2007 is significant on the transportation cost, 
trade policy and capital assembly per capita. Thus there is a positive correlation 
among the technical conditions, trade policy, capital assembly per capita and 
trade volume, and they have long-term influence on the trade. The situation for 
the similarity of economic entities and the production disintegration is just on the 
opposite side. Taking China as an example, it shows a reverse changing 
relationship between the economic entity similarity and the trade growth from 
1978 to 1992. It implies that before 1990s, although China had not been fully 
enrolled in the international production system of manufacturing industries of 
multinational corporations, most of the foreign trade of multinational 
corporations, organized by the vertical integration, are intra-corporation trade, 
and the higher the similarity of economic entity is, the smaller the volume of 
trade is. However, since 1990s, some large global multinational manufacturing 
corporations cover a lot of fields in the manufacturing industry, but when taking 
the global competitive strategy into account, they will rapidly reduce their 
self-designed and produced production, and transfer their attentions to the core 
business and the investment to key products, components and system devices. 
They also carry out the strategic outsourcing to non-core business, and realize the 
vertical disintegration of the organizational structure; therefore, the similarity of 
economic entity is positively correlated with the volume of trade. Based on the 
same logic, the relationship between the production disintegration and the 
volume of trade is as following: it was not obvious from 1978 to 1992, while its 
positive relationship had been enhanced magnificently since 1990s when China 
began to be fully involved in the international production system driven by 
multinational corporations. 

The conclusion is that not only the trade policy, transportation cost and 
similarity of economic entities can be used as variables to explain the trade 
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growth in China, but also since 1990s, the power of the production disintegration 
and capital assembly per capita in explaining China’s trade growth has been 
enhancing. It is shown by the empirical tests that after bringing in variables like 
the production disintegration, the explanatory power of traditional variables is 
enhanced instead of being reduced. When bringing the trade policy, 
transportation cost and economic similarity into the regression model with the 
production disintegration and capital assembly per capita as the explanatory 
variables, its explanatory power also increases, and the explanatory variables are 
consistent. Consequently, in order to dissolve the riddle of China’s trade growth, 
it is necessary to bring China’s volume of trade growth into the international 
production system dominated by the production disintegration of multinational 
corporations. Thus the influence of the production disintegration of multinational 
corporations on China’s trade growth is not isolated, which will exert its 
influence through intermediate variables such as the trade technique, trade policy 
and human resource investment etc. 

 

4.3.2  Unit Root Tests and Co-integration Analysis 
 
In the above model, although the decline of transportation cost, the similarity of 
economic entities, trade policies, the capital assembly per capita and the 
production disintegration can explain to a certain degree the trade growth in 
China, and the three variables, Trans, Akin and Policy emphasize on the technical 
efficiency, trade basis and systematical conditions. Besides, the decision of these 
variables tend to be exogenous, but not the results of one person’s economic 
behavior. Therefore, the following part of our paper is emphasized on the 
analyzing of the long-term causal relationships between the production 
disintegration and the trade growth. Due to the reason of the transformation 
effect of the capital assembly per capita on the production disintegration and the 
trade growth, and of the non-balance of the time series of these variables 
especially, it is necessary to carry out the unit root tests and the co-integration 
analysis. 

Here, we use the ADF method and carry out the unit root tests to the logarithm 
variables of the time series of ln (Trade), ln (VertD) and ln (perK), so as to prove 
whether there exists stable relationship. If the statistic data is larger than the 
critical data of MacKinnon, the assumption ( 0H : 0=γ ) is accepted, and the time 
series is believed to have unit root, namely, the series is non-stable. On the 
contrary, the assumption ( 0H : 0=γ ) is rejected, and the series is stable. In the 
process of testing, we find that the first order difference of all the logarithm 
variables is stable in time series. The result of the ADF tests of all variables is 
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given in Table 2. 

Table 2  Unit Root Tests 

Variable ADF t-statistic 1% critical value 5% critical value DW stat Robustness 
ln( )Trade (c, t, 1) –2.168285 –4.3735 –3.6025 1.975312 no 

ln( )TradeΔ (c, N, 0) –4.001829 –3.7203 –2.9849 1.914023 yes 

ln( )VertD (N, 0) 4.307233 –2.6557 –1.9537 1.388311 no 

ln( )VertDΔ (c, N, 0) –4.105639 –3.7204 –2.9838 1.977323 yes 

ln( )perK (c, t, 2) –2.776765 –4.4167 –3.6208 2.331195 no 

ln( )perKΔ (N, 3) –2.232985 –2.6819 –1.9576 2.014979 yes 
Note: This table only presents the results of ADF unit root test of the minimal Akaike info criterion 
and Schwarz criterion value, and all the equations are significant at the level of 1% or 5%. In the test 
form of ADF (c, t, k), c refers to the intercept term, t the linear trend term, and k the lag orders. The 
lag term is added to turn the residual term to the white noise.  

By comparing the t-statistic value of ADF tests of all variables and the 
corresponding critical value in Table 2, it is obvious that the original series is 
non-stable, while their corresponding first order series is stable. Therefore, the 
three logarithm variables in this article, ln (perK), ln (VertD) and ln (Trade), are 
unit root variables, called I (1) variables. 

Although the three logarithm variables, ln (perK), ln (VertD) and ln (Trade), 
are all I (1) variables, they still call for further co-integration analysis. Through 
the unit root tests of the residual series of OLS regression of ln (VertD) and ln 
(perK) by ln (Trade), the statistic value of t-test of ADF is –3.746567, which is 
obviously smaller than the critical value –2.6763 at the significance level of 1%. 
Therefore, the residual series e can be regarded as stable (referring to Fig. 4). 
Under the multi-variable condition, we adopt Johansen’s (1995) maximum 
likelihood co-integration tests to bring in the capital assembly per capita with 
controlling variables in the correlation model between production disintegration 
and volume of trade growth, and compare it with the correlations between the 
production disintegration and the volume of trade growth without controlling 
variables. 

The results of trace statistics show that all the tests reject the assumption that 
the co-integration vector is zero at the significance level of 1%. It shows that 
there is a long-term co-integrative relation between the volume of trade growth in 
China and the production disintegration of multinational corporations. Besides, 
the trace statistics is more significant under the condition with controlling 
variables. Therefore, bringing controlling variables into the models can enhance 
the long-term interrelations between the production disintegration and the 
volume of trade growth. 
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Fig. 4  Graphs of Logarithm Variables, the First Order Difference  

and the Residual Series 

 
4.3.3  Granger Causality Tests  
 
The co-integration analysis can only illustrate the possible one-way causal 
relation between different variables. It still cannot tell the cause from the result. 
Therefore, it is necessary to carry out Granger causality tests to confirm the 
causal order of the volume of trade growth in China and the production 
disintegration. The regression model is as follows:  

1 1
ln( ) ln( ) ln( )

p p

t i t i i t i
i i

Trade c a VertD b Trade− −
= =

= + +∑ ∑  

it

p

i
iit

p

i
it VertDdTradeccVertD −

=
−

=
∑∑ ++= )ln()ln()ln(

11

 

The first equation above shows whether the production disintegration is the 
Granger cause of the volume of trade growth, while the second proves whether 
the volume of trade growth is the Granger cause of the production disintegration. 
According to the basic requirement of the most basic method of OLS Granger 
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causality test, the two economic variables, ln (Trade) and ln (VertD), must be 
stable series. The above unit root tests and co-integration analysis of ln (Trade) 
and ln (VertD) show that there exists causal relationship between these two 
variables. Taking the test of null assumption that ln (VertD) is not the cause of the 
change of ln (Trade) as an example, its test model is:  

Non-restraint regression model: 
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Here, the white noise series tε  must commit the stationary condition with 
zero mean, equal variance and non-autocorrelation. In the test of null assumption, 
if there is one which is significantly not zero, the null assumption that ln (VertD) 
is not the cause for the change of ln (Trade) should be rejected, so the ln (VertD) 
is the Granger cause of the change of ln (Trade) should be accepted. The test 
result is shown in Table 3. It can be demonstrated from the result of Granger 
causality tests that there is a one-way causality correlation between the volume of 
trade growth in China and the production disintegration of multinational 
corporations since the inception of the reform and opening up policy. The result 
of the test supports the relative assumption of Feenstra and Grossman & 
Helpman et al. (2003). 

Table 3  Granger Causality Tests 

Null Hypothesis: Obs F-Statistic Probability Conclusion 
Δln(VertD) does not Granger Cause Δln(Trade) 28 9.00956 0.00163 Reject 
Δln(Trade) does not Granger Cause Δln(VertD) 1.70428 0.20713 Accept 
Δln(perK) does not Granger Cause Δln(Trade) 28 4.05621 0.03315 Reject 
Δln(Trade) does not Granger Cause Δln(perK) 5.45923 0.01271 Reject 
Δln(perK) does not Granger Cause Δln(VertD) 28 0.02253 0.97789 Accept 
Δln(VertD) does not Granger Cause Δln(perK) 4.63609 0.02215 Reject 

Note: The statistical significance level of all Granger causality tests is at 1% or 5%. 

The transform of the international production system driven by the vertical 
disintegration of multinational corporations is the cause of the continuously rapid 
growth of volume of trade in China. Therefore, when bringing in the production 
disintegration, it can not only solve the mysteries of the volume of trade growth 
in China, but also reflect the important transmitting role played by the investment 
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intensity shown by capital assembly per capita accompanying with the new 
international capital flow trend between the production disintegration and the 
volume of trade growth. 

 
4.3.4  Vector Error Correction Models 
 
According to the principles of Granger causality tests, there is an expression of 
the error correction model in the group of co-integrative variables. Since it has 
been proved that there are first order co-integration correlations between ln 
(Trade) and ln (VertD), the VECM can be established between them. The models 
are as follow:  

           tttt ecmVertDTrade νλββ ++Δ+=Δ −110 )ln()ln(  (1) 

ttttt vVertDVertDTradeTrade ++++= −− 132110 )ln()ln()ln()ln( ββββ   (2) 

In Eq. (1), ecm  is an error correction item reflecting the degree of variables 
that step aside of its long-term proportional relation during short-term fluctuation, 
which called an equilibrium error model. Although Eq. (1) has some differences 
with Eq. (2), the vector error correction models established by these two 
equations are tantamount. Based on the Johansen test, we can get the vector error 
correction model after taking the integration of trade and the dispersion of 
production as dependent variables. As for Eq. (1), its OLS result is (Data in the 
brackets are the results of t-tests, and hereinafter):  

tttt ecmVertDTrade ν+−Δ+=Δ −10.269121)ln(0.4136340.096437)ln(  
           (7.014812)***            (–3.018845)*** 

Here, Adj. R2=0.698532, F=22.31275. In this equation, the long-term 
equilibrium coefficient contribution of variable ln( )TradeΔ  to variables 

ln( )VertDΔ  is 0.413634. It means that the first order difference of logarithms of 
volume of trade will increase by the 0.413634 unit, when the first order 
difference of logarithms of vertical disintegration or production disintegration 
increase by one unit. Although the short-term fluctuation of ln( )VertDΔ  is to 
some degree deviated from the degree of ln( )TradeΔ , their long term correlation 
is still stationary, and the equilibrium error is very small. Therefore, not only 
there is a long-term stationary the same-direction variation correlation between 
the volume of trade growth in China and the production disintegration, but the 
equilibrium error of the short-term fluctuation of production disintegration is 
very small.  

As for Eq. (2), its OLS result is:  

ttttt vVertDVertDTradeTrade +−++= −− 11 )ln(321.0)ln(338.0)ln(617.0273.1)ln(  
                  (6.456481)***         (7.941087)***      (–2.419345)** 
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F=524.804, Adj. R2=0.976601. The suit form of this model is very effective. 
Although the forms of Eq. (1) and Eq. (2) are different, the error correction 
model established by these two methods is equivalent. The correlation between 
the volume of trade growth in China and the production disintegration of 
multinational corporations becomes very clear.  

5  Conclusion 

For a long time, researchers in the field of international trade prefer to adopt the 
“gravity equation” to explain the growth of a country’s imports and exports, 
especially the manufactured goods. However, in China, variables in this model 
such as exchange rate, tariff, cost of transportation, and spatial distance etc., are 
not sufficient to explain the riddle of China’s trade growth. In view of these 
defects in the model, we give some explanations in our paper by producing 
hypotheses from the perspective of micro-economic analysis of China’s trade 
growth, that is, the trade volume of China’s “explosive” growth is owing to the 
disintegration of production in the process of economic globalization, to the 
MNCs’ vertical outsourcing their manufacturing processes and procedures, and 
to the timely readjustment of Chinese enterprises and their strategy of 
participating in international intra-product specialization. In this paper, we 
establish an equilibrium model of intra-product specialization dominated by 
MNCs, and do some microeconomic analysis and empirical tests for the riddle of 
China’s trade growth by using variables including the technological conditions of 
trade, the extent of similarity of economies, the policy conditions of trade, the 
extent of disintegration of production and the level of per capita capital 
equipment etc. The results of our empirical tests support the basic judgments of 
this article. They are confirmed by the results of the recent research by Wang & 
Wei etc. By establishing the theoretical model, this paper carries out some 
quantitative analysis for the correlations between the variables of the production 
disintegration and the trade growth of China during the last 30 years.  

In fact, the strategy of using the international intra-production specialization to 
pursue the economic development strategy is an important experience 
accumulated from the success of China during the last 30 years. The research on 
the currently dominant production disintegration plays a positive role in 
explaining the microscopic mechanism of the trade development and economic 
growth of China. However, the processing trade and FDI have resulted in the 
“double surplus” for the Chinese international balance of payments for many 
years, and it also made China face the process of industrialization the exterior 
trading protectionism and the pressure of currency appreciation of RMB earlier. 
Therefore, besides the variables like technical conditions of trade, trade 
efficiency and trade system, the successful solving of the riddle of trade growth 
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in China still calls for an analysis of the inner product labor division of 
multinational corporations by introducing in the volume of trade growth of China 
to get the reasonable interpretations within the same logic skeleton. 

The illumination of this article is as follows: First, the vertical disintegration of 
the organizing structure of the multinational manufacturing enterprises not only 
promotes the significant reform of the international production system, and 
boosts the international trade and investment with a series of novel features, but 
also provides China with an opportunity to enter the international economic 
system by participating into the international subcontracting based on the 
principle of comparative advantage. Second, the growing complexity of the inner 
product labor division of production disintegration of multinational corporations 
provides the possibility for the steadily growth of the internationalization of the 
manufacturing industry in China. Therefore, the reforms of the international 
production system will not only result in the trade growth in China, but also 
bring in an intensive reform in all aspects of the economic development of China. 

This paper also reveals that the rapid growth of the volume of trade in China 
recently has much to do with the branch organizations of multinational 
corporations as the subcontracting subjects, and that the domestic enterprises of 
China do not indeed deeply enroll into the international economic circulation, 
though the rapid increase of the trade of manufacturing products shows the 
merits of China when taking part in the international competition in the current 
phase. The reform of the international production system resulted from the 
production disintegration of multinational corporations not only exerts the 
positive effect on the trade growth in China, but also features a new trend for the 
circulation of the international capital. All these changes will influence 
intensively and extensively the trade investment, employment and economic 
development of China by industry linkages effect and circulation effect, which 
calls for paying further attention. 

The main conclusion of the paper is that economic globalization brings about a 
vertical separation of enterprise organizational structure, ant that when the global 
multinational corporations re-distribute their core resources, they often pursue to 
taking vertical outsourcing strategies in products, processes, and links, phase or 
components of production. Such vertical linkages across national borders give 
chances for many Chinese enterprises taking part in international product 
specialization in the international economy to acquire a huge and fast growing in 
trade flows. It can be seen that the vertical separation of the organizational 
structure of multinational corporations in the global manufacturing enterprises 
not only brings about the vast transformation of international production system 
and a series of new features in global trade and investment, it also provides a new 
opportunity to participating in international product specialization and enrolling 
into the international economic cycle for our manufacturing enterprises on the 
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bases of the principle of comparative advantage. Thus, with the refinement of the 
intra-product specialization of the multinational corporation, it provides us a 
realistic opportunity and probability in the context of globalization to grow up 
and to upgrade in industries steadily, and it also requires us to exert our efforts in 
participating in the international intra-production specialization continually and 
actively as our long-term strategy principle for seeking our economic 
development presently and even in the future. 

In order to dissolve the riddle of China’s trade growth successfully, it is 
necessary to introduce the analysis framework of the international intra-product 
specialization driven by multinational corporations apart from the variables such 
as the trade-related technical condition, the transaction efficiency and trading 
institution etc. And we also believe that it is of great significance when 
introducing this analytical framework for our next stage research in China’s trade 
and industrial upgrading and even for our opening up development policies since 
they promotes each other. The driving mechanism is that for the long term, the 
goals of the intra-product specialization driven by multinational corporations are 
not only to find the lower value effects in short-term but also to achieve their 
goals in the global strategy to fulfill their purposes in the host country to seize 
the top-end market and to carry out their brand strategies by implementing of 
some dynamics adjustment strategies such as parallel competition, 
cross-penetration and technology capturing etc. Thus, it is an important 
successful experience in China to seek our goal of economic development over 
the past thirty years by using the theory of dispersion of production international 
specialization as our reform and opening up policy, and the rapid growth of the 
trade on manufactured goods in China reflects our current advantages in 
international competition. Moreover, in the process of our local enterprises 
enrolling into the international economy recycling, how to climb to and keep up 
the top-end segments in the global value chain, how our Chinese enterprises 
create more international brands accompanying output of national culture and 
strengthen their trade competitiveness in the global economy in the next round of 
international product division of labor, are very important problems. 
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