1
Introduction to the thesis
During the last 20 years China’s foreign trade has grown remarkable, by almost 15% per year on average. Most remarkable have been the rapid expansion and the diversification of its industrial manufactured exports. These exports have shown a growth of 20% a year on average since 1980. Moreover, China became the largest exporter of information and communications technology (ICT) goods in 2004. This thesis shows that China attained such export performance due to its role in the international production process. It states that exports of ICT goods have been promoted by using different trade policies. Specialization in the labour-intensive production segments within the ICT sector is another explanation for this performance. The first chapter reviews the export performance of China and the United States. Both countries are selected for comparison of the production structure. The second chapter of this thesis explains the production structure of a country on the basis of the factor endowments capital and labour. The relationship between goods and factor prices is also explained. Then, it presents a case study of the development of fragmentation within the ICT industry worldwide and a review of fragmentation in the electronics industry in China. The trading partners of China within the ICT industry and the composition of the trade balance within this industry for China is given in the fourth chapter. The fifth chapter presents an empirical study of China’s trade balance by manufacturing sector, showing a dominant share in the contribution to the trade balance for the unskilled-labour intensive sector. This result makes the occurrence of fragmentation within the ICT industry in China likely.
1.1
Introduction to the topic
China overtook the United States as the world’s leading exporter of ICT goods in 2004
. These goods are e.g. mobile phones, notebook computers and digital cameras. In that particular year the value of the export of ICT goods from China was equal to $ 180 billion, compared with exports from the United States of $ 149 billion
. This exceeded the export value of the United States, which noted $ 125 billion. Figure 1 shows this development of exports of electronic goods from four regions for the period 1996-2004.
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Fig. 1 Exports of electronic equipment from selected countries 1996-2004. Source: OECD, ITS database, bn $.
It is not only the export of these goods, which is threatening the United States’ lead in technology. Also China’s ever increasing spending on technology research and development (R&D), now already exceeding that of Japan, poses a serious threat. The Organization for Economic Cooperation and Development (OECD) finds that R&D spending is rising by over 20% a year in China and only by 4% a year in United States. If this current trend continues, China’s R&D spending will surpass the EU in four years and the United States in seven. China could be the worldwide technology leader even sooner if it’s spending on R&D grows even faster or when the rate in United States tends to slow down
.
Apart from these developments, showing China’s increasing dominance over the international economy, the thesis focuses on the trade flows to and from China to the rest of the world. The direction of trade flows between countries depends on the relative supply of production factors. Two production factors are available, i.e. labour and capital. The theory behind this framework is explained in the second chapter. The essential part of the theory can be summarized as: countries export the goods making intensively use of the abundant production factor. This is the factor abundancy theory. 
When comparing, for example, two countries, it is to be expected that the country with relatively more labourers will export goods that are made using the production factor labour intensively. The country with relatively more capital will export goods which are made using capital intensively. Considering the lead of China in the export of ICT goods, it is interesting to scrutinize the supply of labour and capital in both the United States and China. Analyzing this supply of production factors is one way to explain the exports of ICT goods from China.

A comparison between the supplies of capital and labour for both countries can be made, using the widely used Summer-Heston data. Figure 2 shows the development of the total capital stock from 1952 for the United States and China. In 2004 the capital stock of the United States was 1.8 times larger than the stock of China. The capital stock of China shows a rapid increase of the capital stock starting at the end of the 1980s. For the United States the increase of the capital stock has been stable over the entire period.
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Fig. 2 Development of the total capital stock in China and the United States 1952-2004. Source: NBER website, in constant 1985 bn $. Preliminary data subject to change.
Looking at the worldwide ranking of the capital stock, the United States has the largest capital stock followed by China. Table 1 presents the total capital stock ranking. Still, the capital stock per worker in China is rather modest, relative to the other top ranked countries.
	                                                 Capital stock ($ bn)                Workers (m)                     Capital stock per       

                                                                                                                                                     worker ($)

	1.   United States
	24.106
	154
	156.837

	2.   China
	13.366
	768
	 17.404

	3.   Japan
	11.777
	 67
	175.895

	4.   Germany
	 6.490
	 41
	158.994

	5.   France
	 4.567
	 27
	169.748

	6.   Italy
	 3.685
	 24
	153.552

	7.   India
	 3.317
	 421
	    7.873

	8.   United Kingdom
	 3.079
	 30
	101.413

	9.   Canada
	 2.485
	 17
	143.035

	10. Spain
	 2.430
	 20
	119.497


Table 1 Total Capital stock ranking. Source: NBER website, data for 2004 in constant 1985 $. 
What conclusion can be drawn from these facts? Given the supplies of labour and capital, the United States will end up producing and exporting goods which are made using the production factor capital intensively. China will specialize in the production and export of labour-intensive goods using the production factor labour intensively. Figure 3 shows the development of the capital stock per worker for the United States and China. The development is similar to that of the total capital stock: the capital stock per worker in China is rapidly increasing relative to the United States.
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Fig. 3 Development of capital stock per worker in China and the United States 1952-2004. Source: NBER website in constant 1985 bn $. Preliminary data subject to change.
To highlight the main conclusion: due to the higher capital stock per worker the United States will end up in specialisation of goods making intensively use of the production factor capital. China will, given the vast amount of workers, specialize in the production of goods that make intensively use of the production factor labour.
To further examine this analogy, it is useful to broaden the selection of goods. So far, only electronic goods were subject of discussion. These goods make intensively use of the production factor capital. Table 2 shows the production and export share of clothing and textiles for China and the United States. These goods make intensively use of the production factor labour. Evidently, China dominates the production of both labour-intensive goods. This production structure is in accordance with the capital and labour endowments, presented in table 1. China is the labour abundant country and specializes in the production of goods that make intensively use of the production factor labour, i.e. textiles and clothing. After broadening the selection of goods the specialisation of China in the production of labour-intensive goods is confirmed.
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	Clothing
	         95.4
	         30.6
	            4.9
	             1.6

	Textiles
	         48.7
	         22.3
	          12.67
	             5.8


Table 2 Exports of textiles and clothing. Source: WTO Trade Statistics value in bn $. Share is the countries’ share in world exports.
However, this conclusion is still in contrast with China’s leading export position of ICT goods. In the light of the factor abundancy theory, this takeover of China is an occurrence which seems to be unlikely.
1.2
Problem statement

This thesis investigates whether the traditional trade theory can explain China’s takeover as the largest exporter of high-technology goods. The theory used to explain the developments in trade flows, within the neoclassical framework, is the factor abundance proposition of Heckscher-Ohlin. The factor abundance proposition of Heckscher-Ohlin is subject of analysis in the next chapter.
2
Theoretical analysis of the trade flows

How can the rising export of electronics equipment, as described in the previous section, be explained in terms of economic theory? In answering this question, I make use of the neoclassical trade theory framework. An introduction to this neoclassical trade theory is given in the first part. Of this trade theory, the Heckscher-Ohlin theorem is selected and applied in this thesis.
This Heckscher-Ohlin theorem for international trade is derived by applying different relationships. First, we start with explaining the relationship between the goods and factor prices. The factor price is the remuneration for the use of the relevant production factor. This relationship leads to a production equilibrium, which represents an optimal production point, for a country in autarky. This equilibrium in autarky is explained in the second part. Next, using (1) the relationship between goods and factor prices, as explained in the first part and (2) the theory of factor endowments, the international trade equilibrium between two countries can be established. This Heckscher-Ohlin theorem in international trade is analyzed in the third part.
2.1 Introduction to the neoclassical trade theory
Developed countries (for example the United States) have relatively more skilled workers than developing countries (for example China), and developing countries have relatively more low-skilled workers. This division of labour for the United States and China is confirmed by figure 4. The United States has a relatively more high skilled population. China on the other hand is supplied with a relatively more low skilled population.

[image: image4]Fig. 4 Division of labour in the United States and China in 2006. Source: Global Market Information Database
According the neoclassical trade theory of the Heckscher-Ohlin theory, the developed countries will specialize in capital-intensive production which requires skilled labour. The developing countries will specialize in the more labour intensive production, resulting in low-tech products. Considering the neoclassical trade theory, China, which has relatively more low-skilled workers, should specialize in the production and export of low-tech products.
As described earlier, China is already the leading exporter of high-technology goods. So, is there a flaw in the traditional trade theory? How can the leading position of China in the exports of electronic equipment be explained using the traditional trade theory?

The Heckscher-Ohlin proposition implies, that a country will export that good produced with the abundant factor of production in that particular country. This factor of production can be labour or capital. Differences in factor endowments, i.e. the existing stock of labour and/or capital, determine the direction of trade flows and productivity differences. International trade can be explained only through differences in the factor endowments between countries.
Summarizing: A country will export the good that intensively uses its relatively abundant production factor, and will import the good that intensively uses the relatively scarce production factor. In this situation international trade prevails.
2.2
Heckscher-Ohlin theorem in Autarky

The production equilibrium of the closed economy, i.e. autarky, is mainly based on the relationship between goods and factor prices. The first step in determining the production equilibrium for the closed economy is deriving the isocost line function. This function writes input capital (K) in terms of input labour (L) with slope 
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. The second step is to add an isoquant into the developed framework. An isoquant is a set of efficient input combinations of capital and labour resulting in the same level of production for a certain good and is calculated with a production function. The third and final step in determining the relationship between goods and factor prices is composing a so-called Lerner diagram. At last, some concluding remarks are given regarding the production equilibrium.
Due to the assumption of perfect competition, the market price equals the production costs. Hence, profits are zero. Total production costs (
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Equation 1.1 represents the total production costs
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 times the rental rate. In determining the production equilibrium, we first derive the isocost line from equation 1.1. The isocost line represents different combinations of inputs K and L leading to the same level of production costs and can be written as:
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Equation 1.2 represents all combinations of inputs of capital and labour with the same level of production costs, taking the w and r as given. The isocost line function is determined by intercept 
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. The more inputs are used, the higher total production costs
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This situation is represented by isocost line
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 in figure 5. The isocost line 
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 represents the combination of capital and labour inputs resulting in the lowest production costs.

The following step in determining the production equilibrium is to add an isoquant into the current framework. An isoquant is a set of efficient input combinations of capital and labour resulting in the same level of production for a certain good and is calculated with a production function
. This isoquant is the bold line in figure 5 and represents the optimal production level of the firm. The final step in determining the production equilibrium is fulfilled by the firm. The firm chooses the isocost line which results in the lowest production costs. This isocost line is tangent to the isoquant, as indicated by point
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Fig. 5 Effect of change in factor endowments on the production equilibrium for a country in autarky
Point
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can also be interpreted in the light of the two-country model. This point represents the equilibrium point with equal factor endowments of capital and labour for each of the two countries. Now assume, that country 1 becomes more labour abundant. In this case, capital has become relatively more expensive.
Local producers reduce their production costs by substituting relative cheaper labour for the more expensive capital. As labour inputs rise, the new production equilibrium for country 1 shifts to point
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. The increase in labour supply reduces the factor reward for labour, resulting in a lower value of w. The production equilibrium for country 2, which is relatively capital abundant, remains at point
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Hence, an increase in the production factor labour makes the use of capital more expensive and, therefore, the rental rate increases. We can derive the relationship between goods and factor prices graphically. This is subject of analysis in the following part. The relationship between goods and factor prices holds for only one country with 2 sectors each producing a single good, i.e. cloth and electronic machinery. This framework is also explained graphically and is captured in figure 6: the Lerner diagram.
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Fig. 6 Lerner diagram

Figure 6 depicts three so-called unit value isoquants; 
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. These kinds of isoquants represent a production level which generates revenue of 1 dollar when sold on the market. The isoquants are represented for both the goods cloth and electronic machinery. The relevant initial prices are respectively 
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The unit value isoquant and the price are inversely related to each other. When the price of EM rises, less of this good has to be produced in order to generate revenue of 1 dollar when sold on the market. The same relationship holds for good C.

In analyzing the relationship between goods and factor prices both goods are produced in the domestic economy. Again, we have an isocost line with slope
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. To achieve an optimal production point, the unit value isoquants needs to be tangent to the isocost line. These points are depicted in figure 6 by the blue coloured circles C0 and EM0. Both unit value isoquants are equal to the isocost curse because both sectors face equal returns to labour (w) and capital (r).  Now we are able to analyse the desired relationship between goods and factor prices.

Assume an increase in the price of cloths:
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. Remember that an increase in the price of the good implies a reduction in the production of that good. Hence, the production of cloths decreases and therefore the isoquant shifts towards the origin from 
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. To end up in a new optimal production point, the unit value isoquant of both goods needs to be tangent to an isocost line. Therefore, the line must rotate clockwise to the optimal production points represented by the red coloured circles C1 and EM1. In this new situation the slope of the isocost line has increased. The wage rate is increased relative to the rental rate. Clearly, an increase in the price of cloths leads to a lower production of cloths and a higher wage rate. Therefore, the isocost line shifts clockwise to a new isocost line with slope; 
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. The slope of the new isocost line is higher due to the higher wage rate in the new production equilibrium.
A negative consequence of this new production equilibrium is a reduction in the total use of labour, represented by the new point L’. The higher wage rate induces producers to substitute relatively cheaper capital for labour. The workers benefit from a higher wage, because the cloth industry makes intensively use of the production factor labour.

Concluding, a positive relationship is determined between goods and factor prices. An increase in the price of labour intensive cloth leads to an increase of the factor price wage relative to the rental rate. The unit cost curve, 
[image: image40.wmf]r

w

/

-

, shifts clockwise, as seen in figure 5. Applying this for the electronic machinery means that an increase in the price of this good leads to an increase in the rental rate, relative to the wage rate. Hence, the unit isocost curve shifts counter clockwise. Finally, the goods prices and production are negatively correlated. As result of an increase in the price of a particular good (and therefore an increase in the price of the production factor that is used intensively in the production of that good) producers substitute the relatively expensive production factor for the relatively cheaper one. Hence, the production decreases.
2.3
Heckscher-Ohlin theorem in international trade
After explaining the theory of factor endowments and the relationship between goods and factor prices for a domestic economy, the Heckscher-Ohlin model in an international trading perspective can be explained. First, the initial autarky production structure for two countries will be subject of analysis. The different optimal production points, due to the different relative prices, prevailing in the two countries are summarized in the first part. The second part discusses the production structure after international trade is allowed for. The effect of international trade on equalization of the relative prices between the countries is also described in this part.
This model concerns two countries with differences in factor endowments (characterized by the two different unit cost curves). Again, country 1 is the relative labour-abundant and country 2 is relative capital-abundant. The result for the international trading perspective is explained graphically.

In autarky, when no trade takes place between the two countries, the wage-rental ratios differ between the countries. Because country 1 is relatively more labour-abundant, this implies in autarky a lower wage-rental ratio in country 1 relative to the other country:
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. Due to the positive relation between goods and factor prices, as explained earlier, a lower relative price 
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. In other words, the relative abundancy of labour in country 1 is reflected by a lower price of the labour-intensive cloth in autarky. 
For country 2 the same holds for the relative abundancy of capital, reflected by a lower rental rate for the capital-intensive electronic machinery in autarky. Hence, a higher relative price for country 2. 

The reasoning behind this mechanism is the supply of the production factor. The labour-abundant country can produce labour-intensive cloth at lower costs because of the lower wage rate. The capital-abundant country faces a lower rental rate. Hence, production of electronic machinery is taking place at lower costs relative to the labour abundant country. 
These differences in prices, or relative prices as represented in figure 6, causes differences in factor prices, i.e. the wage and rental rate, and is the reason for trade between countries
.
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Fig. 7 Changes in the relative (autarky) prices when allowed for international trade between countries
When costless trade is taking place, arbitrage behaviour of traders will ensure an equal final good price for both goods in both countries. Hence, the relative price,
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This new equilibrium point is represented by the red circle in figure 6. At this point the new relative price for cloth 
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 prevails. This relative price is in between the two autarky prices. The new relative price for cloth is higher in country 1 and lower for country 2. Both the consumers and producers are affected by the change in the relative price:
1. Consumers of cloth in country 1 will consume less cloth due to the increase in the relative price. For the same reason, the increase in the relative price, producers of cloth in country 1 are induced to produce more cloth. Hence, production exceeds consumption in the new trade equilibrium and country 1 exports the labour-intensive cloth. In the autarky point, production was equal to consumption.

2. Consumers and producers of electronic machinery in country 2 are affected as result of the decline in the relative price, due to a rise in the rental rate. The result is the same as for country 1, consumption of electronic machinery declines and production increases. Country 2 exports the capital-intensive electronic machinery.

Considering these two results, the Heckscher-Ohlin theorem can be stated: A country will export the good that intensively uses its relatively abundant production factor, and will import the good that intensively uses the relatively scarce production factor. Appendix A addresses six assumptions to the Heckscher-Ohlin theorem
.
Comparing this theorem to the Chinese’ exports statistics, described in the introduction, we cannot explain the leading export position of China regarding electronic equipment. The likelihood of the Heckscher-Ohlin theorem to hold in reality is discussed in the next chapter. This chapter focuses on fragmentation in both the ICT industry and China.   
3
Case study of fragmentation in both the ICT industry and China

In the international trade equilibrium, as discussed in the previous chapter, both countries produce the goods C and EM and factor price equalization will prevail. Hence, only the factor endowments between countries differ. In this context multination behaviour does not occur, because the price of the production factors, i.e. the wage and rental rate, are equal in both countries. Firms are indifferent between producing at home or abroad. This chapter discusses the concept of fragmentation in theory and practice. A general explanation of fragmentation is given in the first part. The second part discusses the event of fragmentation in the electronics industry. A more detailed description of fragmentation in the Chinese electronics industry is given in the third part. Finally, the development of the production of notebooks by Taiwanese producers in China is described in the fourth part.

3.1

A general explanation of fragmentation

This situation of factor price equalization is not likely to arise in reality. Three arguments can be given why factor price equalization is likely to fail:

1. Barriers to trade cause domestic prices to deviate from the price prevailing in the world market.

2. In reality, more than two goods and production factors exist. Therefore, deviations in the price of production factors may occur even in a free trade equilibrium, due to large differences in factor rewards, i.e. the wage and rental rate.

3. Countries completely specialized in the production of one good, after international is allowed for but before factor price equalization is realised, cannot shift more production factors into the export sector. All resources are already in use.

In all of these three situations firms are triggered to engage in multinational behaviour. In case of different factor rewards, as in the second argument, firms can reduce their production costs by replacing or slicing up their production process. The lexicon for this event varies widely from outsourcing, fragmentation, vertical specialization to slicing up the value chain. In this thesis, I prefer using the term fragmentation. Rent seeking behaviour of firms result in breaking up the production process in different stages and different countries leading to lower production costs.
If lower wages persist in the foreign country, the firm might consider relocating the labour-intensive part of the production process to the foreign country
. Hence, the country realizes comparative advantage in some stage of the production process, called vertical specialization. In case of horizontal specialization, a country specializes in the whole production process. An important condition for the existence of fragmentation is the differences in factor prices between countries.

The expansion of worldwide fragmentation has been made feasible by three jointly reinforcing developments over the last few decades
:

1. Rapid advancements in production technology have enabled industries to apply fragmentation on the value chain into finer components.
2. Technological innovations in communications and transportation have decreased the once existing distance between world’s nations and improved speed, efficiency and economy of coordinating geographically dispersed production process.
3. Liberalization policy reforms in both home and host countries have reduced barriers to trade and investment.

Furthermore, if it becomes less costly to organize activities in more than one location or country, the attraction provided by lower-wage countries for labour-intensive production processes becomes obvious
. The intensity of fragmentation differs by industry, depending on four factors:

1. The technical ‘divisibility’ of production process: engineering activities in the electronic industries have discrete separable stages of production and components with differing scale, skill and technological requirements. Production can be undertaken in different locations and under different ownership.

2. The factor intensity of the process: shifting production is only economical if the particular processes are labour intensive and reduce production costs significantly. 

3. The technological complexity of each process: only simple labour and more stable labour intensive processes can be shifted to lower wage areas. 

4. The value to weight ratio of the product: the scope for fragmentation depends on the weight of the product relative to its value. Light and high value products, like microprocessors and semiconductors, can be transported long distances to reap the benefits of cost differences. Heavy, lower value products can only be transported to proximate areas.

In the electronics industry, all four factors have led to a widespread dispersal of production. Production consists of several processes. Some of which are labour-intensive and require simple skill needs. The value-to-weight ratio of components is high, making distant locations economical. These factors explain the widespread dispersal of electronic production in emerging countries
. The next part discusses the fragmentation process in the electronics industry.
3.2
Fragmentation in the electronics industry 

The process of fragmentation in the electronics industry worldwide can be characterized by three waves. Japan represented the first wave, the emergence of the new industrialized countries (NIEs) represented the second wave and, finally, China is the last and third wave. The development of the different waves is discussed below.

The first wave

In the early 1980s personal computer (PC) companies from the United States started turning to Japan as a supplier of low-cost components and peripherals. As Japan was becoming more expensive as a supplier of these goods, companies from the United States started searching for new suppliers. 
The second wave

Asia’s newly industrializing countries (NIEs) i.e. South Korea, Taiwan, Singapore, and Hong Kong, became the new suppliers and destinations for the production of labour-intensive activities.
These countries were already making consumer electronics and electronic components and were looking to move into higher technology industries for achieving economic growth. As the PC industry became more mature, competitiveness increased and PC makers were looking for cheaper sources of labour and components. Confluence of interests between companies from the United States, searching for lower-cost production sites, and the Asian countries, seeking to develop their own computer industries, led to an increase of growth of computer production in Asia.
Between 1980 and 1995, companies from the United States had set up a manufacturing network throughout the region. Production of computer hardware in this region exceeded production in the United States. Meanwhile, production of more advanced components, like microprocessors and semiconductors, were dominated by firms from the United States. This development shows the increased competitiveness of Asia in the production of hardware and a dominant role for the United States in the production and development of more advanced components
. By the late 1970s, labour costs in the NIEs economies were increasing. Their competitive advantage in the production of labour-intensive manufacturing diminished. New competition was developing from lower wage countries in the region.
The third wave

As result of increasing labour costs, Hong Kong lost much of its manufacturing base, but retained an important position in the industry by managing production in southern China. This transfer was necessary to retain cost competitiveness in labour-intensive manufacturing of Hong Kong’s producers. Taiwan’s computer makers also responded to the rising labour costs by transferring their labour-intensive production to mainland China. By 1996, 32% of total computer production was taking place at offshore plants in China. 
However, besides the search for lower labour cost production sites, some of the assembly of PCs took place in the consuming market, especially in the United States and Europe, to service demand quickly. At the same time, domestic industries of the NIEs moved up to higher-value added production. The South China region is attracting more production by United States’, Japanese and Taiwanese companies which are driven by cost advantages and gaining access to the China market
. The process of fragmentation in China is explained in the following part.

3.3
Fragmentation in China’s electronics industry

Several studies address the success of China’s strength in the electronics industry to its involvement in the international fragmentation of production processes. Based on existing literature on fragmentation, I found two main explanations of China’s successful involvement in fragmentation, i.e. China’s trade policy and the comparative advantage in the production of labour-intensive processes. Both explanations are discussed in the text below.
Trade policy

An important factor in determining China’s involvement in fragmentation is their trade policy. Studies have shown that tariff exemptions and reductions on imported inputs increase the effective protection enjoyed by the assembly activities using these inputs. The effective protection reduces the production costs. China presents an excellent case of such a policy. Since the mid 1980s exports are being promoted by the Chinese authorities using different instruments. For processing trade, which includes trade imports to be processed for exports, duty exemptions were granted. Tariff exemptions have proved very successful in creating export-oriented industries, like the computer industry, based on imported goods. Correspondingly, imports for processing goods have increased sharply (Figure 9). Other Asian countries were mainly responsible for the imports of inputs for processing trade (Figure 10). The role of these imports reflects the international fragmentation of the value-added chain within the region. The driving forces behind fragmentation are Asian firms which have relocated final production stages to China, thereby taking advantage from the selective trade liberalization. The largest part of the re-exports to the Asian countries is exempted from tariffs. 
Comparative advantage
Another reason for the success of China’s electronics industry is due to its comparative advantage in the labour intensive production processes. An explanation for the relocation of segments of production from Asian countries to China is the decline in comparative advantage of mature Asian economies due to rising production costs. Vertical specialization in labour intensive production segments has resulted in diversifying exports and the possibility for China to build up capacities in the electrical machinery sector
.
3.4
The evolution of the notebook PC industry by Taiwanese producers
This section gives an overview of the development of the notebook PC production of Taiwanese companies. These companies have had a dominant role in the development of the Chinese domestic ICT sector as investment increased in the mainland of China throughout the years. Initially, production took place in Taiwan, but throughout the years production has shifted to the mainland of China
.

At the end of 2004, over 85% of Taiwanese information technology hardware is being manufactured in China. Less than 10% of total production is still undertaken in Taiwan. For many foreign firms, cost-saving opportunities form one of the main purposes for investing in China. This holds especially for firms located in Asian countries close to China. Nevertheless, the case of the Taiwanese notebook computer industry shows that if the cost of logistics was included, the cost difference of manufacturing in China does weaken significantly
. Apparently, 
Taiwanese firms are the world’s leading producers of notebook PCs, motherboards, scanners, several types of network equipment and other components. Of the total computer industry in Taiwan, notebook production is the largest division. Most branded PC makers (i.e. Dell, IBM, HP, and Apple) are dependent on Taiwanese original design manufacturers (ODMs) for manufacturing of components and product development. 
Notebook production by Taiwanese firms rose from 27% of world notebook production in 1995 to 72% in 2004, producing more than 33 million of the 46 million notebooks sold worldwide in this year. While Taiwanese and foreign companies dominate the production of computers in China, domestic firms like Lenovo, Founder, Huawei, and ZTE are major suppliers of PCs and other hardware to the domestic market.
As result of rising land and labour costs, Taiwanese computer makers and other electronic companies began shifting production offshore in the early 1990s. Main destination was the mainland of China. Taiwanese companies clustered in two regions of China - the Shenzhen area of Guangdong Province, specialized in desktop PCs, and the Shanghai/Suzhou region that is home to the notebook PC industry. Taiwanese companies play a critical role in China, as they deliver the skills necessary for operating high-volume, technologically sophisticated manufacturing processes as well as close working relationships with the major global computer vendors. For China, FDI in R&D from Taiwan is crucial for the commercialization of technology development. Young and educated Chinese engineers learn from the technology and from the entrepreneurial spirit embedded in the Taiwanese firms. These two elements help China in the transferring process from a ‘world production factory’ to a ‘regional innovation centre’
.
Before 2001, final assembly of notebooks in China by Taiwanese companies was prohibited by that same government. After abandoning this restriction, the ODMs moved en masse to the Shanghai/Suzhou region. Many Taiwanese component suppliers had already relocated to the region by this time. Nearly 90% of the parts needed for a notebook PC - excluding the high value CPUs, hard drives, or displays - are now manufactured in Suzhou. This movement of knowledge works to China in the notebook PC industry is mainly caused by the availability of low-cost engineering.
In the United States or Japan, an engineer might receive $ 120.000 a year, including extra benefits. The cost of hiring an engineer in China, however, is about $ 20.000 a year, indicating the advantages of moving to China. Salaries in Taiwan are in between, but certainly lower than in the United States and Japan. 
However, according to one interviewee, China’s engineers “work perfectly at doing what they have been told, but cannot think about what needs to be done; they lack both creativity and motivation. They are good at legacy systems, but not new things; they can’t handle ‘what if’ situations.” This paper also emphasizes that unless China improves intellectual property protections, it is unlikely to develop into a center for advanced component-level R&D.

A study of Taiwanese IT companies shows that the mainland of China is one of the main destinations for R&D activities. The main motive of shifting R&D to China is the availability of well-educated local engineers and cost effectiveness of local engineers. Two other important determinants are geographical and linguistic closeness between China and Taiwan. Emphasize is put on the availability of cost effectiveness of local engineers, rather than local technology excellence. However, the cost advantage of moving R&D activities to mainland China has been gradually declining recently
. This trend is reflected in the profit margin of four Taiwanese notebook producers. Despite of seizing cost-saving opportunities, the average profit margin of four notebook producers declined. From 2001 to 2004, the percentage of offshore manufacturing in China grew each year, but the profit margin of these four producers decreased from 10,2% in 2001 to 5.6% in 2004
. Offshore manufacturing in China saves cost for the Taiwanese firms. However, this advantage is not reflected by the profit margin of these companies. The underlying reasons for declining profit margins are unclear.
Summarizing, the factors explaining the success of the electronics industry in China are trade policy, i.e. tariff exemptions and reductions for imported processing goods, and China’s comparative advantage in the production of labour intensive segments. Study of the notebook PC industry in China, initiated by Taiwanese producers, shows the pursuit of cost reductions by these producers. Correspondingly, production stages have moved to China and the surge of imports of inputs for processing trade reflects the fragmentation of the value-added chain within the region. The fourth chapter focuses on China’s trade position in the ICT industry and discusses the relevant trading partners and composition of trade flows.
4
Case study of the ICT industry in China
In the introduction to the topic, the leading position of China as a leader in the export of technology goods is mentioned and explained generally. This chapter gives a more in depth outline of China’s trading partners, the ICT sector and the particular goods involved. China’s export position and its trading partners is subject of discussion in the first part. In the second part a background of the ICT industry in China and the companies involved is represented. The composition of ICT trade flows are analysed in the third part. Concluding remarks regarding the ICT sector in China are given in the final and fourth part.

4.1
China’s trade position and partners within the ICT sector
Over the past two decades, ICT manufacturing in Asia has grown. This development started during the 1980s in Japan, followed by Korea and Taiwan in 1990s and more recently by China. Other regions in Asia find it hard to compete with China for labour-intensive assembly due to China’s large supply of low-wage workers. Leading firms within the electronic products and PC/notebook design and assembly in Taiwan are Hon Hai Precision (Foxconn), Flextronics and Cellon. These firms are among the world’s largest contract manufactures and produce for the leading global ICT firms. These firms from Taiwan, together with firms from Hong Kong, transferred their manufacturing plants to China making it the world’s main manufacturing centre for ICT equipment. In 2004, 80% of Taiwan’s notebook production, according estimates, was transferred and carried out in China. Firms with significant production activities in the mainland of China, like Hon Hai Precision, have performed much better than others
.
Although Taiwan remains an important centre for the production of higher-value added ICT goods (e.g. semiconductors, flat panel displays), some complex processes such as design and testing tasks are also being transferred to China. This transfer of complex processes from Taiwan to China also holds for Japan and Japanese-affiliated ICT manufacturing plants. China is the low-cost base for Japan’s export production and has strengthened this position by adding more and complex production processes to China. More and more intermediate ICT goods are exported by Japan to China. 
Therefore, Japan is indirectly contributing to the increase in Chinese exports to Europe and the United States through assembly for Japanese-affiliated electrical machinery and ICT firms. Altogether Asia is becoming an integrated ICT production platform
. Chinese trade balance improved from a deficit of $ 2 billion in 2001 to a trade surplus of $ 31 billion in 2004. In this year China had large surpluses with Hong-Kong $ 37 billion, the United States $ 34 billion and the EU15 $ 27 billion. The large surplus with Hong Kong is due to transit trade, as 85% of these exports to Hong Kong are eventually directed to third markets, like Europe and the United States
. The recent years, data shows a decline in imports from the EU and the United States and an increase in trade between China and other Asian countries. Between 2000 and 2004 the United States and EU share of China’s total imports of these components declined from 27 to 12%. This shows the decreasing reliance on electronic components, for the manufacturing process of ICT goods, from the EU and the United States. These components are being sourced from other countries in Asia, including Japan, Taiwan, Korea and Malaysia
. Figure 8 shows the trade balance of China with its trading partners in ICT goods in 2004.
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Fig. 8 China’s trade balance in ICT goods in 2004. Source: OECD ICT indicators, current bn $.
The second largest export destination of ICT exports from China is the United States making China the largest exporter of ICT goods to the United States. 
China’s export of ICT goods accounts for 27% of the total imports from the United States of these goods. The United States supplies China with high-value components. Integrated circuits and semiconductors account for the second largest parts of manufactured products from the United States to China. Imports of intermediate ICT related goods, in particular electronic components, to China are increasing. Asian countries, especially Taiwan but also Malaysia are mainly responsible for this increase in Chinese imports.
Trade deficits in ICT goods with Asian partners have increased, reflecting the increase in imports of intermediate goods from Asian countries relative to the EU and United States. Main Asian trading partners are Taiwan ($ 20 billion), Korea ($ 11 billion), Japan ($ 9 billion), Malaysia ($ 8 billion) and Thailand ($ 3 billion).

4.2
The background of ICT export
s from China and companies involved
The increase in exports of ICT goods from China became increasingly apparent after the IT bubble in 2000-2001. The increase was part of a global restructuring, shown by the rapid recovery in ICT exports from China (shown by figure 1). Companies in China import intermediate products and produce mainly finished ICT goods for export purposes. These imported intermediate products are high-value added parts such as central processors and memory chips
. The rise in exports of technology related goods from China can be linked to the transfer of foreign companies’ assembly and production activities to China. These activities are mostly labour-intensive and low-value added. Goods concerned are, for example, televisions, computers, handsets and DVD players.
The trade in final and intermediate ICT goods is illustrated in figure 9. Computer and related equipment showed the strongest growth in the period 1996-2004. Total value of these exports amounted USD 55 billion in 2004. Although this category is the largest share of the ICT goods, the category Telecommunication equipment has shown growth rates twice as high as the category computer and related equipment in the period 2000-2004.
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Fig. 9 China’s trade balance by ICT categories, 1996-2004. Source: OECD Key ICT indicators, current bn $.
The companies involved in the trade of technology goods are mainly China based affiliates of foreign ICT companies or third-party electronic manufacturing services (EMS). This is confirmed by data: Chinese ICT-related exports are for 90% driven by foreign-invested enterprises. Of the leading high-technology firms in China, all are foreign firms with Motorola, Dell, Hewlett Packard and Nokia. China is continuing to grow as a major destination of FDI, with an important share for the ICT sector. At the same time, China is also an emerging source of outward investment in OECD countries. The acquisition of IBM’s manufacturing division by Lenovo is an example of this trend
. The predecessor of this company, Legend, started out by distributing computers for HP and other foreign manufacturers. Lenovo began as a spin-off from the Institute of Computing, a research institute under the Chinese Academy of Sciences, in 1984. Nowadays the pupil of HP has become its strongest opponent in Asia. This achievement of Lenovo is a symbol of the PC industry it’s main success: not technological, but logistical innovation. Unlike IBM, Lenovo supplies the PCs directly to a vast network of resellers and retailers
. This strategy is similar to the one of Dell in the American market. At the same time, the surge in Chinese ICT exports is coupled with a fall in the trade dominance of the United States, the initiator of the digital era. Nowadays China is incorporated into the supply chain of almost every large IT firm
.
Paradoxically, China is the leading global high-tech exporter, but not capable of meeting its own ICT demand. Despite the large ICT industry in China, domestic demand is only met by importing a substantial amount from abroad. Lenovo emerged as the third largest PC manufacturer in the world, while only a fifth of the Chinese households have computers. Leading global telecommunications equipment exporters, like Huawei and ZTE, are selling the latest mobile technology worldwide, yet China has lagged in introducing mobile networks
.
4.3
The composition of Chinese ICT imports and exports
For the assembly and export of ICT goods, China depends on the import of high-value components. The trade deficit in electronic components is increasing over time and reached a value of $ 62 billion in 2004 as illustrated by figure 9. The rapid growth of the import of electronic components emphasizes China’s important role in the assembly of ICT goods
. These imports grew by 38% a year from $ 7.4 billion in 1996 to $ 97 billion in 2004. Electronic equipment accounted for 65% of all ICT imports into China in 2004. The average annual growth rate of these imports, however, is lower than the growth rate of the exports of computer and related equipment for the period. Of the total trade deficit in electronic components, the largest share consists of integrated circuits (HS 8542) with a value of $ 50 billion in 2004. Integrated circuits, including microprocessors, are among the most sophisticated components of electric and information technology goods. China’s imports of these goods quadrupled from $ 12 billion in 1999 to over $ 47 billion in 2003 representing a demand of over one-quarter of the global market for integrated circuits and semiconductors
.

Of the remaining deficit, $ 7 billion can be addressed to semiconductors and components (HS 8541) and smaller deficits in products such as audio and video parts. An overview of the top five Chinese export and import items for 2004 is given in Table 2. 
	

	Main imports:
	Main exports:

	8542 Integrated circuits                                             61.7
	8471 Automatic data process machines, 
magnetic reader, etc. computer hardware              59.9

	8471 Automatic data process machines,
magnetic reader, etc. computer hardware                  14.5
	8473 Parts, etc., for typewriters and other 
office machines computer accessories                  24.0

	8473 Parts, etc., for typewriters and other
office machines computer accessories                      14.4
	8525 Transmission apparatus for radio telephony/telegraphy/broadcasting, television      21.8

	8529 Parts for television, radio and radar
Apparatus                                                                  12.4
	8529 Parts for television, radio and radar

apparatus                                                                12.0

	8541 Semiconductor devices                                      9.8
	8542 Integrated circuits                                         11.2


Table 2 Top five Chinese ICT trade items by 4-digit HS-code, 2004. Source: OECD, ITS database, current bn $.
China’s main exports are ‘Computer and related equipment’ accounting for 46% of total ICT exports, as indicated by figure 9. Processing machines (HS 8471, including notebooks but excluding PC accessories) represent the largest share these goods within these category with a total export surplus of 45 $ billion. Other export goods are notebooks, video cameras and recorders, TV receivers and telephones.
The United States accounts for 50% of the sales of semiconductor equipment, Japanese producers for 37% and European manufacturers for 12%. China’s semiconductor market, already accounting for more than 30% of European semiconductor equipment manufacturers’ sales in 2004, is increasing. The United States Semiconductor Industry Association noted that “there is no question that a major migration of chip manufacturing activities toward Asia is under way. More than two-thirds of all the state-of-the-art chip making facilities now under construction are being built in Asia”
.
4.4 
Concluding remarks and outlook
A country with a leading export position in certain goods in a highly fragmentated market does not automatically specialize in the production of these goods. Given the large imports of electric components (figure 10) specialization - at least in the aggregate level - of China in the labour-intensive final stages of production seems to be plausible
.
Nowadays China is one of the world’s most significant assembly locations. Future development depends on maintaining the wage-cost competitiveness and how rapidly China can move up the value chain into the production of higher value added products. Over the previous three years, McKinsey & Co, reports that China’s 100 largest high-tech companies grew by 26% annually, more than twice the market growth rate of 12% and nearly for times the annual growth rate of 7%. Growth of these companies will be realised by focussing on innovation and R&D
. 
Recently, the OECD made some amends regarding the technological development of China. In an earlier publication China’s R&D spending was estimated to have surpassed Japan becoming the second-biggest investor in R&D only behind the United States. Now the OECD argues that China highly depends on low-tech industries staffed mainly by low-skilled labourers. “China has relied heavily on technology imported from abroad, and the development of its technological capability has until recently lagged behind its economic growth,” said the OECD
. Furthermore, China remains entrenched in the low-margin, decreasing returns segments of the computer industry. Local production keeps concentrated on low cost assembly, and most domestic companies are short of the technology, design skills and marketing capabilities necessary for competing in the higher-margins of the industry. Insufficient protection of property rights also discourages foreign and domestic firms from doing sophisticated R&D in China
.
As stated before, the relevant exporting countries in China are almost entirely foreign-owned. Diffusion of technology to domestic firms is limited because these firms have strong incentives to protect their technology from competitors
.
China’s comparative advantage remains in labour cost where it is competitive not only with the more East Asia countries but also with some more traditional exporters like Thailand and the Philippines. 
This has meant that most Chinese exports are textile and leather goods, toys etc. though there is a rapidly increasing output of consumer electronic assembly operations for cellular phones, computers, etc. These products were intended first for export to the West, but are increasingly being directed to the home market and to other parts of East Asia
. 
Empirical analysis regarding the comparative advantage for China and Taiwan is described in the next chapter. The same analysis is also applied to Taiwan for comparison between the comparative advantages of both countries. Taiwan is selected due to its important role in the electronics and notebook PC industry in China. 
5
Empirical trade analysis

As explained in the previous chapter, fragmentation is an important factor for explaining the surge in exports of ICT goods from China. Being a leading exporter in a highly fragmentated market does not automatically imply domestic specialization in the production of those goods. An empirical approach towards fragmentation is necessary for examining the export position of China. However, measuring fragmentation comes with a few limitations
, e.g.:
· Trade data does not cover different stages of manufacturing of a certain product (under the same SITC codes) in different countries. This is a significant gap, since fragmentation often holds for the same product going trough different processes in several locations.

· SITC data combine parts and components of different products; in electronics parts and components for office machines are not separated from those for automatic data processing machines.

· Imports of parts and components may be used for other purposes than fragmentation production.

This section gives an indication of the pattern of international specialization of China and Taiwan for several sectors. The “contribution to the trade balance” makes it possible to determine a country’s structural strengths and weaknesses via the composition of international trade flows. The first part explains the method in detail. The second and third part reviews the contribution to the trade balance for, respectively, China and Taiwan. 
5.1
The empirical method
Revealed comparative advantage identifies the specialisation profile of a country. However, imports are not taken into account
. Therefore, the contribution to the trade balance is selected. This method gives a more pronounced view of China’s structural strengths or weaknesses within the manufacturing industry. Imports are incorporated in the model, as exports may be heavily dependent on imports, which is the case for the ICT industry in China.

The contribution to the trade balance is based on the contribution of different industries to the manufacturing trade balance. Analysis of the trade flows is carried out for the period 1976, when Mao Zedong passed away, until 2005. Yearly trade data for 235 sectors is divided into five groups of sectors based on the factor intensity. The following five groups of sectors are distinguished: natural resource, primary, unskilled-labour, technology and human-capital
. ICT goods and parts thereof are included in the technology intensive sector. The data used is based on the SITC categories at the 3-digit level and captures imports and exports. For each sector the contribution to the trade balance is calculated. Box 1 explains this method in detail.
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5.2
The contribution of the trade balance for China

Figure 10 represents the development of the contribution to the trade balance for China during the period. The unskilled-labour intensive manufacturing sector represents the dominant share in the contribution to the trade balance in the manufacturing sector in China since the 1980s. 
This improvement in the structural strength of this sector since the 1980s coincides with the implementation of tariff exemptions and reductions by the Chinese authorities. In 2005 the structural surplus of this sector was 12%. Hence, this sector performed relatively better than the manufacturing total.
The technology intensive sector has remained a weak sector with a structural deficit of 10% in 2005, despite the surge in exports of high-technology goods. The contribution to the trade balance of the human-capital intensive sector has changed little during the recent decade. In 2005 this sector reached a structural surplus of 1%. The contribution of the technology intensive sector remained negative for the entire period and also changed little during the recent decade. The structural deficit of this sector in 2005 was 10%. These empirical findings form the theoretical support for the occurrence of fragmentation within the ICT industry in China. Therefore, fragmentation in this industry in China is considered to be likely.
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Fig. 10 Contribution to China’s manufacturing trade balance, 1976-2005. Source: WITS database

As for the primary intensive sector: the recent fuss about China’s role as large importer of primaries, e.g. copper, aluminium and zinc, does not seem to be confirmed by the data. 
Since the late 1990s the contribution of the primary sector has been constant and remained a structural deficit.
5.3
The contribution of the trade balance for Taiwan

Figure 11 shows the contribution to the trade balance for Taiwan. This analysis is analogue tot the analysis of the trade balance of China. The contribution of the technology intensive sector has increased on average during the period. In 2005 the sector reached a structural surplus of 3,6%. The contribution of the unskilled-labour intensive sector decreased from 19% in 1980 to 1.5% in 2005.
This decrease in performance of the unskilled-labour intensive sector is in accordance with the presented evidence of relocation of labour-intensive production within the notebook PC industry from Taiwan to China. In 2005 only the technology intensive sector and the unskilled-labour intensive sector attained a structural surplus in Taiwan, implying that these sectors performed better than the total manufacturing sector. The other three sectors in Taiwan were all showing a structural deficit. The human-capital intensive and natural resource sector showed no significant contribution throughout the years with a value fluctuating around 0%.
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Fig. 11 Contribution to Taiwan’s manufacturing trade balance, 1976-2005. Source: WITS database

Given the significant structural deficit of the technology intensive industry in China, there is no evidence of domestic specialization in the production of ICT goods despite the leading export position of ICT goods since 2001. The structural surplus in the unskilled-labour intensive industry is compatible with the fact that China still has a comparative advantage in its labour costs. Fragmentation in the ICT industry in China is the result of this comparative advantage. Therefore, there is evidence that China is specializing vertically in the labour-intensive production part.
6
Conclusions

The analysis of China’s trade balance and policy has addressed the success of China’s export performance of ICT goods to its role in the international fragmentation progress. Exports of ICT goods have been promoted deliberately by tariff exemptions and reductions on imports, thereby increasing the effective protection enjoyed by the assembly activities using these inputs. Asian countries took advantage of these trade policies and China’s comparative advantage in the labour-intensive production process. As result, these countries relocated final production stages to China. The largest part of the re-exports to these Asian countries is exempted from tariffs. China’s vertical specialization in the labour-intensive production segments has resulted in diversifying exports and the possibility for China to build up capacities in the electrical machinery sector. This specialization is made possible by China’s comparative advantage in the labour-intensive production process. An empirical trade analysis has shown that the process of fragmentation, within the ICT industry in China, is considered to be likely. The unskilled-labour intensive manufacturing sector represents the dominant share in the contribution to the trade balance. The performance of more technology intensive sectors have remained relatively weak, i.e. performing worse than the manufacturing total, throughout the entire period. These empirical findings form the theoretical support for the occurrence of fragmentation within the ICT industry in China. The relevance of the traditional trade theory still holds.

Analyzing China’s trade balance comes with a few limitations. The trade data, used for the empirical study, does not cover different stages of manufacturing. Therefore, it is hard to draw conclusions about the process of fragmentation within the ICT sector in China. Another limitation results from the fact that the trade data is aggregated. SITC data combine parts and components of different products. Drawing conclusions about individual products is therefore impossible. Measuring fragmentation directly is possible by analyzing the added value for each production stage for a single product, like a laptop or pc. By measuring the quantities of labour and capital, necessary for producing the components and the final assembly of these products during the production process, one can examine fragmentation directly. During my research the resources, required for conducting this analysis, were not accessible. Information is available by the relevant computer producers, but is less likely to be available for a thesis study.
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Box 1. Method for calculating the contribution to the trade balance





The “contribution to the trade balance” identifies the economy’s structural strengths and weaknesses via the composition of the trade flows. Besides exports, imports are taken into account. It can be interpreted as a measure of revealed comparative advantage, as it shows whether an industry performs relatively better or worse than the manufacturing total.


 


If there would exist no comparative advantage or disadvantage for any industry i, a country’s total trade balance should be distributed across industries according to their share in total trade. The contribution to the trade balance is the difference between the actual and this theoretical balance: 





� EMBED Equation.3  ���� EMBED Equation.3  ���





where � EMBED Equation.3  ���observed industry trade balance,





and � EMBED Equation.3  ���theoretical trade balance.





A positive value indicates a structural surplus and a negative value a structural deficit. Several sectors are grouped based on the factor intensity. The sum over all industries is zero. To allow for comparisons between industries, the value is expressed as a percentage of total trade.
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