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In Search of a Balance: Technological Development in China

China is unique among the developing countries in terms of technological development. Its planning legacy left its economy with a solid industrial and technological foundation as well as various distortions and even disasters. Toward today after the planning system began to shatter away some 20 years ago, this legacy still stamps a clear mark as innovation initiatives keep coming exclusively from the government. This is both a blessing and a curse. It is a blessing because it has enabled China to concentrate its much-limited financial resources to the development of the key technologies that China desperately needs for its catch-up development. In many aspects, this pays off. China has a well-trained industrial workforce, a relatively complete education system, a capable research system, and maintains a leading edge in several significant technologies, noticeably satellite launching, nuclear power, and some areas of biotechnology and new materials. It has also risen from an exporter of primary goods to a major exporter of manufacturing goods, garments, machinery, and electronic products in particular. Yet, the concentration is also a curse. It has resulted in a distorted industrial structure, noticeably, a relatively highly developed heavy industry versus a much underdeveloped light industry; its over-investment in certain sectors, noticeably the state-owned sector, induces the moral hazard problem and wasteful resource usage; it also creates powerful vested interests that are resistant to changes of market conditions, thus induce efficiency losses. 

The nineties has seem tremendous changes in the Chinese economy. The most significant change is the emergence of the non-state sector. Although it is still a significant player in the Chinese economy, especially in terms of urban employment and government tax revenues, the state sector's share in China's GDP has been decreasing considerably. By 1998, this share was only 37%. In contrast, the private sector (domestic private and FDI firms) contributed 33% to China's total GDP. In terms of industrial output, domestic private sector's share was close to 35% in 1998 whereas the state sector's share was only 33% in the same year.
 However, There is a significant lag between the change of the industrial ownership composition and resource allocation. This is evident in the fact that more than 80% of the commercial bank loans, the largest chunk of resources controlled by the government, still flow to the state sector (SSB, 1999). Although it may have some rationale since the state sector is still the most significant actor in providing technological innovations, the mismatch is likely to take a toll on the long-run technological development in China.

The Chinese government has realized the shortcomings of the mismatch and is trying to reverse the trend. However, this effort is distorted by two factors. First, the government still wants to dominate the innovation and dissemination initiatives, so the bulk of financial resources is still controlled by the government. Second, governments at various levels all emphasize the urge to upgrade the technological compositions of their industrial sectors, confusing adequate technologies with advanced technologies. This is evident in the mashrooming of numerous high-tech industrial parks throughout the country. These two factors added together imply that China will still take a government-dominant strategy to technological development, yet its adequacy in a continuously marketized economy like that of China is rightly questionable. 

In this chapter, we will present a general description of technological development in China as well as an econometric assessment of its firm-level technological performance. We will also discuss the adequacy of the government's strategy to elevate China's technological status. The chapter is arranged as the following. Section I will provide an overview of China's technological development, starting with a brief description of the history that is followed by a description of its current technological composition, especially its manifestation in the export sector. Section 2 will describe China's domestic innovation efforts, concentrating on the role of public institutions and government initiatives. Section 3 will provide a survey of the patterns of technological diffusion in China, special efforts will be spent on studying the role of FDI in technological disseminating. Section 4 will provide an economic analysis of firm-level technical efficiency by using the 1995 industrial census data. It will provide evidence on the roles of firm size, public institutions, firm level R&D spending and FDI in determining firm technical efficiency. Section 5 will conclude the chapter by providing a brief appraisal of the government's technological development strategy, emphasizing the importance of a balance between technical elevation and proper utilization of China's human and financial resources. 

1. Historical and current status of technology in China

In this section, we first provide an overview and an appraisal of China's technological development since the 1950s. The half century is divided into three periods, 1949-1959, 1960-1978, and 1979-1999, their characteristics are briefly summarized and an appraisal is provided. Then, we will present data on China's current technological status, using its export composition as a major indicator.

1.1 History

1949-1959

China's technological buildup started in the early fifties and heavily relied on the supports provided by the Soviet Union. In China's first Five-year Plan of 1953-1958, the Soviet Union helped China with 156 major industrial projects. These projects were almost exclusively in the heavy industry, especially electricity, steel, and heavy equipment manufacturing. In addition, China imported 426 sets of equipment and 122 single technologies and production lines from Soviet Union, Eastern European countries and several western countries (Chen, 1997). These imported technologies laid the foundation of China's modern industry, their impacts can still be felt even today. As a result, China's economic structure was changed swiftly. In 1949, the share of heavy industry in gross national output was only 7.9%, by 1962 when the second Five-year Plan ended, the figure became 35.5%. Inside the industrial sector, the share of heavy industry was 26.4% in 1949, but became 53.5% in 1962 (Chen, 1997). Another change happened to China's workforce. The imported technologies not only brought industry to China, but also brought new knowledge and skills. Thanks to the more than 3000 Soviet experts and many others from the Eastern European countries, China quickly gained necessary skills and trained a capable workforce. In addition, more than 20,000 people were sent to Soviet Union and Eastern European countries to take formal education or training. These people had become the backbone of China's technological capacities in the subsequent years until very recently when the new generation of college graduates after the Cultural Revolution matured in the late 1980s and early 1990s. Thanks to meticulous plans aided by the Soviets, the imported projects were allocated in a way to level the regional disparities of industrial development in the country. Many of the projects were allocated to the central and western regions. Among the 106 civil projects actually finished, 50 were in Northeast, 32 were in the central provinces. Among 44 military projects, 21 were in just two western provinces (Bo, 1997). Along with the project allocation, thousands of workers, scientists and technicians were mobilized to move from the eastern coast to central and western provinces. 

However, the heavy-industry development strategy was not free of flaws. In fact, it has been criticized by some authors as the most important factor that has retarded China's economic development (see, e.g., Lin, Cai and Li, 1996). To be sure, with a weak industrial base and few national savings, this strategy had to be aided by distorted price signals, the most significant being the suppression of agricultural prices in order to maintain a low wage workforce. Another consequence of this strategy was the shrinking share of the light industry due to its crowding-out effects. As a result, the heavy industrial sector found itself with less and less demand and the whole economy was locked in a regressive process. The large-scale mobility of population also caused serious problems. This was especially true for those military projects, many of which were deliberately allocated in mountains to prepare for war. In the 1980s, many of these factories had to move out of the mountains. Except for some exceptional cases (such as Xichang Satellite Launch Center), those remained have got into serious problems due to the drain of skilled workers and technicians and the lack of access to markets and information.

To provide an unbiased appraisal to the heavy-industry development strategy, one has to take a historical perspective. At the top of the list, one has to realize that import substitution was the state-of-the-art recommendation of development that would be prescribed by almost any development economist, socialist or liberal alike. With the heavy influence of the Soviet Union, it is not surprising that China took the heavy-industry development strategy in the 50s. In addition, the strategy was part of China's ambition to catch up with the developed world and regain its glory in a short time. Even today, labor intensive technologies are regarded as inferior to show national pride although their role in providing employment is acknowledged. In the 50s, steel, machines and chimneys were the standard symbols of a modernized country.
 Lastly, the international and domestic political environments did not allow China to pursue a different development strategy at that time. After the Korean War, China had eventually severed its ties with western countries, and got into complete isolation after it broke up with the Soviet Union in the early 1960s. Inside the country, several ultra-leftist political movements mobilized by Mao Zedong for various reasons flooded the country for 20 years, preventing China from any attempt to adopt a more out-looking development strategy. 

With a historical perspective, we can not only understand why the heavy-industry development strategy was adopted, but also reach a balanced appraisal of its achievements and misfortunes. Regretting on the past has no use, we need to focus on this strategy's impacts on today’s affairs. The misfortunes of this strategy on the physical side have been corrected by the 20 years of the open-door policy and restoration of the light industrial sector. However, mentally this strategy stills lingers on and is manifested by the government's dominance in technological innovations and its determinacy to concentrate on quick upgrading of China's domestic technologies. We will come back to a discussion of it in later sections.

1960-1978

The fast development of the 1950s ended up with the Great Leap-forward movement launched in 1958 and the subsequent famine that took at least 20 million lives in just 3 years (Lin, 1990). In the subsequent 18 years, China was in the abyss of political movements, economic stagnation, treachery, fractional fights, and ultimately human degradation. In the early 1970s after the frenzy of the Cultural Revolution abated, the government under the leadership of the late Premier Zhou Enlai tried to continue China's modernization process by proposing to achieve Four Modernizations (agriculture, industry, science, and military) by the end of the century. Encouraged by this aim, there was a new wave of technological importation. This time, the source countries were exclusively western countries. In the period of 1972-1976, 5.14 billion US dollars were spent to equip new factories all with imported equipment. The emphasis in this period was heavy chemical industry. In 1977, the new party chairman, Hua Guofeng, an honest but close-minded party functionary, proposed several new grand plans to catch up with the western world, and a new wave of heavy-industry development was launched. In 1978, the total investment was 50.1 billion yuan RMB, a 31% increase over 1977; in addition, many technological import contracts were signed in a hasty way, as a result, foreign reserve had nearly 10 billion US dollar deficit in that year (Chen, 1997). This wave has been subsequently called "Foreign Leap-forward" and was stopped quickly after Deng Xiaoping controlled the government in 1979. 

1979-1999

After the Third Plenary of the Eleventh Communist Party Congress at the end of 1978, China's economic policy has become pragmatic alongside with institutional reforms and restoration. Accordingly, technological imports and technical development in China have also undergone fundamental changes. Domestically, higher education was restored and expanded, many government research agencies were either restored or newly established, technological flows from research institutions to firms and inter-firm technical transfers were renewed. The most significant event in the 1980s might be the emergence of the rural industrial sector and technical transfers from urban industry to this sector. The rural industrial sector is characterized by high labor intensity and has become a major engine for China's economic growth. Entering the 1990s, two events are worth mentioning. One is the emergence of private firms and their absorbing of technologies from the state sector. The other is the maturity of the domestic home electronics industry. In the 1980s, foreign home appliances, noticeably products from Japan, occupied China's market. In the 1990s, domestic firms began to gain grounds. By now, domestic products almost monopolize the home electronics product market. A good example is Changhong, a TV manufacturer located in Sichuan, a western province. It was a military factory before the 80s. It began to produce color TV sets in the middle of 1980s. After 10 years, it became the largest color TV maker in China and maintained a lion's share of 23% in China's domestic color TV market.
The pattern of technology imports after the 1978 has changed substantially. Equipment imports have been curtailed, instead, technology licenses have become the dominant vehicle to import foreign technologies. According to a survey of 4,302 technological import contracts in the period of 1979-1990 conducted by the State Planning Commission, 41.4% of them were technology licenses, 9.3% were technical consultation, 5.3% were joint production or design, and the rest 44% were equipment imports (Chen, 1997). Although equipment imports were still substantial, but the situation was much improved compared with the 30 years before when over 90% of technological imports were imports of equipment. Imports of equipment, especially imports of complete sets of equipment might be the only alternative for China when its own production capacities were weak. However, this alternative evolves a large amount of initial investment and has the effect of locking a country into a specific path of technological development. On the other hand, technology licensing has several advantages. It allows a country much room for selection and mixing foreign technologies with locally existent technologies. It also serves better to foster a country's own production capacities. Therefore, China's shift from equipment imports to technology licensing was a correct choice. 

The 1990s also witnessed a boom of China's export of manufacturing goods. In 1990, the five top exporting products in China were garments, crude oil, cotton fabric, refined oil, and silk products; in 1995, they became garments, home electronics, telecommunication equipment, toys, and steel (Chen, 1998). This swift change was a sign of China's better stance in international competitiveness. 

Yet China still has a long way to catch up with the developed world in terms of technical competence. In the next sub-section, we will provide data on the contribution of technical progresses to China's GDP, with a comparison with other countries. We will also compare China with other countries in some key industries. 

1.2 Contribution of technological progresses 

Although it has many defects, total factor productivity (TFP) is still the most frequently used indicator for a country's technical progress. Table 1 shows the TFP for China in the period of 1953-1995. In this time period, China's gross domestic product registered an impressive record of 8.25% annual growth rate. TFP grew by 3.08% each year and contributed 20.8% to GDP growth. The period after 1978 was more remarkable than the previous years. In this period, GDP grew by 10.1% each year, and TFP grew by 5.06% each year. More detailed study of Table 1 could find that GDP and TFP growth rates in the sub-periods were consistent with the economic situation in each period. The 1953-1959 period was the second highest period in terms of GDP growth, but TFP growth rate was only 1.65%, and the average contribution of TFP was even negative. This shows that the economic growth in this period was mainly supported by capital investments and labor mobilization, and efficiency was low. The three years of 1960-1962 were the period of famine, it not only had a record of negative GDP growth rate, but also had an even higher negative growth rate of TFP. The period of 1963-1978 performed remarkably well in terms of both GDP and TFP growth although it contained the Cultural Revolution. Indeed, it was not significantly behind the period of 1979-1988, and even out-performed the later period in terms of TFP contribution. The two years of 1989 and 1990 were special because of the Tian'anmen Square Event in the spring of 1989. Although GDP kept a low growth rate in these two years, TFP growth was negative. The most recent period of 1991-1995 was the golden age for China's economic development. This period registered a GDP growth rate of 12.6%, TFP growth rate of 7.33%, and TFP contribution of 57.6%. There was an obvious positive correlation between TFP growth and GDP growth after 1963. This is remarkable in terms of the usually attributed inefficiency toward economic planning. The failure of the planning economy in China was not so much manifested by slow technological progresses, but rather by the lack of incentives, and ultimately the lack of political and economic freedom, on the part of the people as well as rigidities in the economic structure. 

[Table 1 about here]

1.3 Current technological status

There are many ways to describe a country's technological status, some of them will be presented in later sections in this chapter. In this subsection, we will first follow the paper by Lall in this volume to provide statistics on China's export composition in order to show the dynamics of its competitiveness in the world economy. Then, we will use three industries, textile and garment, TV set, and computer, as an illustration to further our understanding of China's technical capability.

Table 2 shows the structural dynamics of China's export from 1985 to 1999. Till 1990, agricultural goods and resource-based metal and nonmetal products were significant in China's exports. In 1985, those two categories of goods alone accounted for more than 56% of China's total export although the export of textile products also accounted for 22.1%. In 1990, the share of agricultural products even increased from 25.4% in 1985 to 28.5%, but the share of metal and nonmetal products decreased to 17.6%. In the meantime, the share of textile products increased slightly to 23.9% while the share of other light industrial products increased dramatically to 17.7% from a low percentage of 6.0% in 1985. In 1995, the share of agricultural product decreased dramatically to 12.7%, and the share of metal and nonmetal products further decreased to 10.3%. In contrast, textile and other light industrial products became the two most exported categories of goods, accounting for more than 56% of China's total export, incidentally, just taking the position of agricultural and metal and nonmetal products in 1985. In 1999, the most significant change of China's export structure was the emergence of the machinery sector whose share in total export jumped from barely over 10% in 1995 to 20.5%. This achievement was realized in only four years time span. If we compare 1999 and 1985, the contrast is far more startling: in the latter year, the share of machinery in export was only about 2%. Accompanying the rise of machinery export, the exports of resource based goods declined substantially: the share of agricultural products dropped to 6.2%, the share of metal and nonmetal products dropped to 5.7%. Even the shares of textile and other light industrial goods dropped, so machinery replaced other light products to be the second largest export sector, just behind the textile sector.  [Table 2 and Table 3 about here]

Table 3 shows the dynamics from a more micro-perspective. In the table, we present the statistics of China's 10 most exported goods from 1985 to 1999. In 1985, crude oil was China's most exported product whose share was 21% of the total export value in that year. The second most exported product was refined oil, and grain occupied the third place. Textile products followed to occupy the next two positions, but it is noteworthy that cotton and silk were also in the list, showing China's weak manufacturing position at that time period. In 1990, while crude oil still occupied the first place, its share dropped dramatically to only 7.3%. Concurrently, garment became the second most exported good, and its share increased from 4.5% in 1985 to 6.6%. It is interesting to find that home appliances took the seventh position in the list, an early indicator of China's improved manufacturing capacities. This trend of improvement continued in the second half of the nineties. While garment was the largest export item and most of the items in the list were textile products in both 1995 and 1999,
 electronic products followed the suit of home appliances to appear in the list. This was more prominent in 1999. In that year, computer products became the fourth largest export item, cable communication products and integrated circuits occupied the eighth and tenth positions.

To summarize, in the last 15 years, China has emerged from a resource-based export country to an exporter of labor-intensive and lower-end electronic products. This is certainly a remarkable development that matches the structural changes in Taiwan and South Korea in the 1970s and early 1980s. It shows the strengthening of China's technical capacities as well as its international competitiveness. In what follows, we will present data on three exemplary industries to further our understanding of this change as well as the obstacles to overcome for a better future.  

Textile and garment

The textile and garment industry is an important export sector in China. In 1998, the total output of this sector was 92 billion US dollars, with a value-added of 21.4 billion US dollars. Among them, one third was exported.
 Table 4, adopted from Jin (1997), shows China's competitiveness in the textile and garment industries among several Asian countries. It is clear from the table that China does not have a competitive edge in textile, but is strong in garment industry. The textile industry has become more and more capital intensive, banning China, a capital-scarce country, from gaining competitiveness. With abundant labor resource, it is much easier for China to be competitive in the garment industry. China's textile industry suffers from over-capacity, out-dated equipment and technology, and insufficient size. In 1993, China's cotton textile industry had a total of more than 41 million spindles, well above its domestic and international demand combined (Chen, 1998). In the meantime, barely 40% of them caught up with the international technical level of the mid-1980s, and 25% of them needed to be replaced for normal functioning (You, 1998). Contrast to its over-capacity, China's textile industry has overwhelmingly small firms by international standard. From the technical point of view, a textile factory's best scale is 30,000 to 80,000 spindles. In 1992, China had 2023 textile factories, 1169 or 57.8% of them had a size of less than 10,000 spindles. In chemical fiber industry, China only has two factories whose outputs are more than 100,000 tons, a threshold for large factories by international standards (You, 1998). A quantitative study puts the scale competitiveness of China's chemical fiber industry about one tenth of South Korea's (You, 1998). 

[Table 4 about here]

Out-dated technology and under-scale operation put China in a disadvantage position in the world market. China now has more than 24,000 textile factories, but with a total output of only 60 billion US dollars. Its textile export is one seventh of the world total in terms of quantity, but only one fourteenth of the world total in terms of revenue (You, 1998). This discrepancy is largely caused by the weak technical competence of China's textile industry. Realizing the problem, the Chinese government has launched a major effort to get rid of the excessive and ailing production capacity and in the meantime upgraded the industry's technology.

TV industry

China became a net exporter of color TV sets as early as in 1986 (Table 5). It became the largest TV producer in the world in 1991. In 1994, China’s share of the world color TV market was 17.8%, just behind the US who had a share of 21.5%. In the domestic market, imports have been driven out of the market of the 29( or smaller TV sets. In 1998, the total domestic output of color TV was 20.57 million sets whereas imports were only 4.39 million sets, or 12.5% of domestic output. [Table 5 about here]

However, the Chinese TV industry is still a follower in terms of technical competence and falls behind countries like the US, Japan and South Korea in developing high resolution and digital color TV sets. In both the domestic and international markets, Chinese products still rest in the lower segments of the technology. Because of the lack of key technical innovations, the industry has reached a point of fierce competition that has triggered several rounds of drastic price cut in recent years.

Computer industry

Although China produced its first computer in as early as 1958, its computer industry was at best in the infant stage until the early 1980s. By that time, China realized that it could not catch up with the advanced technology in the world if it all relied on domestic efforts. It then opened the door to foreign technology, especially in the area of personal computers. By the end of the 1980s, Great Wall, a state-owned company, had reached the economy scale of production. Entering the 1990s, several other companies, noticeably, Legend and Founder, have followed the suit. Currently, Legend and Founder are the two largest computer manufacturer in China. Since 1993, China became a net exporter of computer and related products (Table 6). In 1998, China produced 2.07 million PCs, the total number of imports was 248,111, only 12% of domestic output. China also leads a considerable competitive edge in producing large mainframe computers. In 1998, China produced 2,400 mainframe computers.

[Table 6 about here]
The production of personal computers has been made so easy that even a layman with fundamental knowledge of computer can assemble one if he is willing to spend several days on that. The real competition rests in the manufacturing of the brain of the computer, the high-performance microprocessor. Unfortunately, China has not even made it to become a player in the world market. However, the Chinese government has recently begun to invest in the second tier microprocessors for automation and other electronic equipment, hoping to compete with South Korea and Taiwan in the near future. Currently, two universities are conducting research in this area. It seems that, judging by the rich human resources in these two universities, there is little doubt that the research will turn out fruitful results, the real problem, though, is whether China has the industrial capacities and the right institutional arrangements to turn these results into commercially viable technologies. Currently, there is no Chinese firm engaged in producing chips; in the next two sections, we will provide evidence to show that the institutional arrangements are inadequate. As a result, it is doubtful that China will acquire the necessary capacities to compete with either South Korea or Taiwan in the near future.

To summarize, China is very competitive in the garment industry that requires intensive labor inputs. It is also very competitive in TV and computer manufacturing that only require mild technological competence. However, it falls much behind in the more technological and capital demanding industries of textile and microprocessor.

It remains a question as to whether China’s current technological status is adequate for its economic growth. As a first step to answer this question, we want to draw the reader’s attention to the fact that China’s international competitiveness over the last 20 years has clearly matched its learning curve as well as the dynamics of its factor endowments. Starting as an exporter of primary goods in early 1980s, China has become a leading exporter of lower-end electronic products. In the last twenty some years, China has accumulated considerable wealth as a result of its near double-digit annual growth rate. This has enabled it to upgrade its technological capacities by both importing and domestic inventing. Concurrently, China has also accumulated the necessary knowledge to sustain its climbing of the technological ladder. Justin Lin attributes China’s sustained economic growth in the last twenty years to its conformity to its “dynamic” comparative advantage --- “dynamic” not in the usual sense, but in the sense that factor endowments change over time and induce a country’s comparative advantage to change (Lin, Cai, and Li, 1996; Lin and Yao, forthcoming). The merits of following a country’s comparative advantage are well established in the literature (see for example, the two references just cited). In the case of China, one thing needs to be mentioned specifically, that is, this development strategy creates ample opportunities for the whole population to participate in and benefit from the economic development process. This has made China a stark contrast to India where a highly developed and competitive software industry is coupled by wide spread of illiteracy and sheer poverty.

Yet, there is an inescapable tension within China between following the “fast running with small steps” strategy
 and adopting “fast running with large steps” strategy. Should China jump over its comparative advantage and leap forward to develop the first rank technology? It seems that at least the leadership has been convinced that China should. To a large extent, their determination is justified because China possesses real competitive edges in some areas. The real question is how to keep the balance. As pointed out at the outset of this chapter, one major aim of the chapter is to provide a critique of the government initiative to develop hi-tech industries in China. This will be accomplished in the subsequent sections, especially in the next section and Section 5 where we provide an overall assessment of the Chinese government’s technological development strategy.

2. Public institutions and domestic R&D efforts

China's domestic R&D efforts are unquestionably dominated by public institutions as well as large state-owned enterprises. Basic scientific research is mostly carried out in the Chinese Academy of Sciences (CAS), research institutions in government ministries and large research universities. Technological innovations maintain similar pattern. In this section, we will discuss several related topics. We will describe the geographical and sectoral distribution of research resources in the country, provide an introduction to China's hi-tech industry and several key government-supported R&D projects, and present data on China's R&D achievements in terms of patents and scientific publications.

2.1 Domestic R&D resources

By the end of 1996, China had 27.59 million professional technical personnel, among them, 407,800 were engaged in R&D activities. This puts it in the position of the fourth largest country in terms of R&D personnel. The first three are the US (962,700), Russia (870,000) and Japan (526,500) (You [1998], page 64). However, in terms of R&D personnel in a million of the population, China falls much behind the top countries. In 1996, China had 333 R&D personnel in a million of the population, only about one tenth of that of the US. Nationwide, there were 4,850 R&D institutes in 1996, but 820 did not conduct any meaningful research. In addition, there were 3,400 R&D institutes in the universities. Many R&D activities are carried out by large enterprises. In 1996, there were 12,033 R&D institutes at the firm level, doubling the figure of 1985 and equivalent to one institute for every two large and medium firms (You [1998], page 46). 

Compared with the developed and newly industrialized economies, China spends much less in R&D. The total expenditure in R&D has been kept in the range of 0.5% - 0.7% of China's GDP whereas it is in the range of 2.7% - 3% in the developed economies and 1.8% - 2.0% in the newly industrialized economies (You, 1998).

In terms of the distribution of the R&D personnel, there is a strong concentration in the government ministries. As a heritage of the planning period, almost every ministry has its own research institutes. Figure 1 compares the distributions of R&D personnel among government agencies, the industry, universities and others in the US, South Korea and China. Compared with the other two countries, China has too many scientists in government-run institutions and too few scientists and technicians in the industry, the dominance of government agencies in China is overwhelming.  Figure 2 compares China with the US, the European Union and Japan in terms of the distribution of R&D research funds provided by the government and the industry. While 82% of Japan's research funds come from the industry, the US and EU keep government contribution to just above 40%, but China maintain about 55% of government contribution. In addition, much of the 22% classified as "other" may well be channeled from the government because private donations (presumably account for the "other" in the US and Japan) are rare in China.[Figure 1 and Figure 2 about here]

Table 7 and Table 8 look at the issue from another perspective. They show the distribution of R&D personnel and expenditure among the central government, CAS and local provinces in three selected years in the 1990s.
 The central government's share is about 60% in terms of both personnel and expenditure. Although there has been a weak trend of decline in the central government's share of personnel, its share of expenditure has remained roughly the same, if not increased. [Table 7 and Table 8 about here]

When we turn to geographical distribution, the contrast between the East and the Central and West is obvious. While the nine east provinces and municipalities have about half of the country's R&D personnel, their share of total R&D expenditure is over 60%. This skewed distribution certainly matches the stages of development of three regions, but is also caused by the concentration of resources in the central government most of whose agencies are located in the national capital Beijing. [Table 9 and Table 10 about here]

One remaining issue is the distribution of R&D resources among industries. Table 9 and Table 10 show the situation in the manufacturing sector. The sector is divided into three sub-sectors, mining, light industry and heavy industry. The major components of the light industry are food, textile, garment, and paper production, the major components of the heavy industry are steel, chemical, machinery and electronic industries. The shares of the heavy industry in both personnel and expenditure are high and increased over the 1990s, and the shares of the light industry decreased. The two tables also show the cases of three representative sectors, textile, medicine and electronics. The shares of the textile sector decreased in the 1990s, which might have been the major force bringing down the share of the light industry sector as a whole. Medicine and electronics are the two industries that are most likely to adopt high technologies. However, the shares of the electronic industry did not increase in the 1990s, and the shares of the medicine industry even showed a tendency of decline. These results are remarkable if we consider the Chinese government's emphasis on developing the hi-tech industry. It seems that the research institutions have not responded to the government initiative, their behavior has conformed to more fundamental economic forces.   

2.2 Government initiatives 
The Chinese government is conscious in using its leverage to initiate technological advances in China. In this subsection, we will present a description of some key government initiatives, including several projects aiming at improving China's technological edge in the hi-tech industry as well as other programs targeting on basic scientific research and improvement of the technical capacities of small and medium size firms. 

The National Science Foundation (NSF) provides funding for basic research in China. In 1997, there were 4,166 projects that obtained a total of 78.8 million yuan (9.5 million US dollars) financial support. In contrast, 4,196 projects got funding of 17.7 million yuan. That is, in six years, the funding intensity for a single project increased by almost five times. Nevertheless, the funding provided by NSF is still quite limited as the average funding of a single project was only about 2,200 US dollars.

The "863" Project was launched in March 1986 (that was how its name came from), its aim is to improve China's education, research and application capacities in the hi-tech area. In 1997, 1,087 projects obtained a total funding of more than 505 million yuan (about 61 million US dollars). Among these funding, 368.6 million yuan, or 72.9% were provided by the government. Table 11 shows the distribution of the "863" projects. They were concentrated overwhelmingly in four key areas: information technology, bio-technology, new materials, and automation technology. [Table 11 and Table 12 about here]

The aim of the "863" Project is to improve China technical capacities. However, in terms of actual application, the project's performance is not optimistic. Table 12, adopted from an appraisal report on the project conducted in 1996, shows that only 38.2% of the projects funded in the 1986-1996 period had been put into actual commercial application, and only 2.5% had made substantial profits. Although this low performance record can be partially explained by the high risk of the hi-tech industry, the very low percentage of projects making substantial profits may well indicate a gap between research and commercial applications, a phenomenon consistent with the dominance of government agencies in technical innovations.

The Torch Project is another government project aiming at improving China's technical capacities. Compared with the "863" Project, it is more application-oriented and does not support education. Its funding is much larger than the "863" Project, though. In 1997, 1987 projects obtained a total funding of 14.44 billion yuan (1.74 billion US dollars), with an average funding size for a single project being 7.3 million yuan (0.88 million US dollars). 

The Key Technology Project aims at solving key technical issues in not only the manufacturing sector, but also in agriculture and social development areas. The total funding in 1997 was 1.65 billion yuan (199 million US dollars), the number of projects covered was 1545 (Table 13). 

[Table 13 and Table 14 about here]

The Star Project aims at improving the technical capacities of small and medium size firms, especially rural firms. Table 14 shows the sectoral distribution of central government-funded star projects in 1997. The total expenditure of the project in 1997 was 8.22 billion yuan (990 million US dollars), a total of 1,561 projects were funded, with an average fund for a single project being 5.3 million yuan. The Star Project has facilitated the development of small and medium firms, but its coverage is quite limited compared with tens of thousand of small and medium firms. 

The hi-tech zones have been set up to take advantage of geographic concentration of human capital in certain cities. Since 1988, the central government has approved 52 national hi-tech zones. About the same number of local hi-tech zones have been set up by local governments. The central government provides tax incentives for firms that are qualified to move or set up in the national hi-tech zones and local governments provide specific non-tax incentives (such as preferential land prices) to firms in the local hi-tech zones. Most of the 52 national hi-tech zones are located in the east of the country. In 1998, there were a total of 13,681 firms in these 52 hi-tech zones. These firms hired a workforce of 1.47 million employees, their total output value was 338.8 billion yuan (40.8 billion US dollars), and total profit was 20.7 billion yuan (2.5 billion US dollars). Among their output, 6.5 billion yuan (785 million US dollars) were exported. This shows that these hi-tech zones' export performance is not good. Indeed, many of the firms located in the zones are not engaged in hi-tech production at all. A study even shows that one fourth of these hi-tech zones are not qualified in terms of the availability of proper human resources, infrastructure, and markets (Gu et al., 1998). At the other front, hi-tech zones have been used by local governments to compete for good firms, not matter whether they are hi-tech or not, by engaging in competitive offers of tax breaks as well as other financial incentives. That is why two neighboring hi-tech zones (one national, one local) are frequently observed in one city.

2.3 Scientific publications, patents, and technological contracts

Table 15 shows the numbers of indexed scientific publications, patents, and technological contracts in three recent years. Through early 1990s to the late 1990s, the number of scientific publications were nearly doubled, the number of patents more than doubled, and the number of technological contracts more than tripled. [Table 15 and Table 16 about here]

Table 16 breaks down technological contracts by the type of contract and the type of seller. Throughout the 1990s, the structure of the type of contract has been quite stable. About one third of the contracts were technical development, about 40% of them were technical services, another 16-18% were technical transfers, and the remaining less than 10% were technical consultation. This shows that the transfer of ready-to-use technologies constituted only a small portion of the total number of contracts, more frequently happening were technical assistance and commissions of new technical innovations and developments. In terms of the types of provider, it is evident that research institutes, almost exclusively public, were the most important provider of technologies. However, their share has been decreasing in the 1990s. Its decreased share has been picked up by the enhanced roles of universities and other providers. The enhanced role of universities was made possible by more R&D funding. In 1991, the total university R&D expenditure was 1.35 billion yuan (163.1 million US dollars); by 1997, that figure was multiplied by more than four times to reach 5.77 billion yuan (694.7 million US dollars). Although this amount of money is still very small compared with any developed country, it has contributed to improving the Chinese universities’ capacities for technical innovations and development.

2.4 A summary appraisal 

Summarizing the description in this section, we can characterize China’s domestic R&D efforts by the following major conclusions. First, the central government controls a disproportional large amount of research resources. Second, firm-level R&D initiatives are weak. Third, the central government puts disproportional emphasis on the hi-tech area. In terms of the outcomes, we have a mixed picture. On the one hand, the central government’s emphasis on the hi-tech area seems to pay off as China has upgraded from a resource-based exporter to a major player in the world’s lower-end electronic market. On the other hand, the government-sponsored projects have not resulted in comparable commercial values, which may entail substantial efficiency losses. In addition, the weak government support lent to labor-intensive technologies and small and medium sized firms that carry those technologies may also take a toll on China’s international competitiveness (as will be shown in our econometric analysis later in Section 4) --- after all, labor-intensive garment and textile industries are still China’s most competitive industries in the world market. As we pointed out before, the real issue is not that whether China should spend on hi-tech industry, but that what is the proper balance. In 1997, the expenditure in the NSF, the “863”, Torch, and Key Technology projects totaled 16.7 billion yuan, or 34.3% of the country’s total R&D spending (48.6 billion yuan) in that year. Is this proportion adequate? From a national perspective, there is no a prior answer of “no”. It is also noteworthy that not all the 16.7 billion yuan of fund were provided by the government. For example, in the “863” Project, 27% of the expenditure in 1997 were not provided by the government. However, this does not mean that there is no improvement that can be done. The description in this section shows clearly where the improvement should be.

First, government sponsored projects should have better targets, taking commercial vitality into fuller consideration. The hi-tech industry is very risky, improvement on efficiency may not be so easy. However, there are some apparent areas of improvement. For example, most of the public research institutes are not running as profit-maximizing firms, but rather as government affiliates relying on government supports of at least daily operation. Although a major reform is underway to transform those research institutes into independent firms, the process is slow. 

Second, the business infrastructure for technological transfers is still weak in China. This creates the gap between R&D efforts and commercial applications. Many researchers in research institutes and universities complain that their inventions can not find good buyers. Although this problem is related to the nature of the institutes and universities as nonprofit seekers, it has more to do with the lack of information flow and business intermediaries as well as the lack of effective protection of intellectual property rights.

Third, it should be realized that labor-intensive industry is still a major base for China’s international competitiveness, it is more so for the central and west parts of the country. Although it may be proper for the central government to concentrate on financing the hi-tech industry, local efforts should tailor into the local comparative advantage that is certainly not always comparable to hi-tech industry. The proliferation of the hi-tech zones is precisely a sign of the lack of this consideration. It diverts precious resources into highly risky and expensive endeavors, crowding out traditional but more profitable industries. However, to persuade local governments to take this view is a hard task because local officials do not only consider economic gains, but more importantly, their political status and pride --- it is hard to deny that some local leaders act hastily to ride on the hi-tech frenzy just for the purpose of showing off their capability. 

As presented in the last section, the evolution of China’s international competitiveness in the last twenty years is largely consistent with its dynamics of comparative advantage. Local governments’ enthusiasm in the hi-tech industry so far has not interrupted that evolution. However, we will see that the tension between following China’s comparative advantage and leaping forward to more advanced technologies will still dominate the scene of public and policy debates in the future. Perhaps a reasonable tension is necessary for China to maintain a delicate balance in its technological development as long as different opinions are articulated and heard. 

3. Technological diffusion and the role of FDI

This section is a continuum of the last section by providing a survey of the patterns of technological diffusion in China. We will study technical transfers across regions, between research institutes and firms, and among firms themselves. We will also study the role of FDI in transferring technologies and managerial skills in China. 

3.1 Regional technical transfers

Regional technical transfers are important to narrow down the regional disparity that has caught tremendous attention in recent years. Table 17 provides a snapshot of the regional distribution of technology exporters and selected importers in 1993. As the table shows, technology exporters are developed coastal provinces and inland provinces with considerable human resources and research capacities (universities, research institutes, etc.), importers are inland provinces and fast growing coastal provinces, especially Guangdong and Jiangsu. [Table 17 about here]

The Chinese government has been conscious in facilitating regional technical transfers. A major initiative advocated by the central government is the one-to-one support of an advanced province to a relatively backward province. This pair-wise arrangement has a comprehensive coverage ranging from poverty alleviation, business connections, cadre exchanges, personnel training as well as technical assistance. Taking the example of the pair of Jiangsu and Guangxi. Jiangsu is an advanced coastal province, Guangxi is a backward autonomous region located in southwest China. Since 1980, government officials from these two provinces met every year to discuss possible cooperative projects. In the ten years of the 1980s, more than 1,200 projects were implemented, covering almost all economic areas. Jiangsu has a sound textile industry, therefore, many projects involved the transfer of technologies in this industry. For example, before 1980, Wuzhou city of Guangxi province only had 4 textile factories producing an output less than 4% of the city’s total industrial output. Its partner in Jiangsu, Changzhou city, just happens to have a large textile industry and an experienced workforce. Changzhou sent more than 300 persons/times of technicians and managers to help Wuzhou build its textile industry. By 1990, Wuzhou became able to produce a large variety of textile products, the share of the textile industry in the city’s total industrial output value increased to 17.6% (He et al., 1996). 

3.2 R&D and technical transfers at the firm level

R&D in Chinese firms is generally weak. In 1997, the 165,080 state-owned and large and medium private firms (with a sales volume of more than 5 million yuan) spent a total of 43.84 billion yuan on R&D, only 0.72% of their total output value. On average, a firm only spent 265,600 yuan on R&D. Two survey studies show similar results. One conducted by a group of researchers from Tsinghua University found that average R&D spending in China’s manufacturing sector was 0.5% of a firm’s sales volume. Among their surveyed firms, there was a clear trend that smaller firms spent less on R&D. Spending of large, medium and small firms as percentages of their respective sales volume are 0.78%, 0.34% and 0.37% (Fu and Deng, 1994). Another study conducted by the Development Research Center under the State Council in Fujian and Gansu provinces in 1994 and 1995 showed higher but still small percentages, with the size pattern preserved. The percentages for the three groups of firm, in the same order presented above, were 2.08%, 1.30%, and 1.15% (Fan, 1997). This size pattern can provide an explanation to the technical efficiency gap between large and small firms to be found in the next section’s econometric assessment.

However, small firms are keener than larger firms in adopting suitable technologies and put more emphasis on profitability. Wang and Yao (forthcoming) identify several interesting patterns by reviewing several survey studies. First, small firms tend to spend more on acquiring existent new technologies and concentrating on using them more efficiently. In contrast, large firms spend more on buying new equipment and saving labor input. Second, small firms puts more emphasis on obtaining suitable technologies while large firms tend to obtain advanced technologies, especially those embedded in imported equipment. Both types of firm may be rational because small firms mainly compete inside China, but large firms have to face competition in the international market. Third, although small firms spend less on R&D, they do have a higher success rate in converting technologies into commercially profitable new products. This may have something to do with the different nature of R&D that the two groups of firms are engaged in, but is also related to their different aims, i.e., small firms are keen in profitability, large firms are keen in saving certain inputs. 

In terms of the sources of technologies, Wang and Yao (forthcoming) also identify several patterns. First, large firms are more likely to innovate their own technologies, small firms are more likely to buy ready technologies. This of course is related to small firms’ relatively weak innovation capacities. Second, small firms seldom buy foreign technologies while large firms do. Third, the most effective channel for small firms to get new technologies is to cooperate with large firms to form joint ventures or to become a large firm’s subcontractor. In this way, small firms can quickly obtain large firms’ more advanced technologies as well as improve their efficiency by specializing. Fourth, rural firms rely on the city to provide them with technicians. Many urban retirees are hired by rural firms and a considerable number of urban technicians work in rural firms as a second job. In recent years, many rural and urban private firms have begun to use their improved working and compensation conditions as leverages to compete with large state-owned enterprises for qualified technicians and workers.

3.3 FDI and technical diffusion in China

In 1998, actual foreign direct investment in China was 45.46 billion US dollars, slightly increased over 1997. The contribution of FDI is evident in areas of employment and export. What is not so clear is its contribution to China’s technological upgrading. In this subsection, we will first provide some statistics on FDI’s sectoral distribution, then give some hints on how FDI could contribute to improving China’s technical stance.

Wang (1997) documented the FDI’s sectoral distribution by using the second (1985) and third (1995) national industrial census. In 1985, FDI output was less than 0.5% in China’s national industrial output, their sales value was less than 5% in total industrial sales. In 1995, those two percentages increased to 15.9% and 15.8%, respectively. FDI became a substantial player in the Chinese economy. Wang used FDI concentration index (FDI_CI) to show FDI’s relative concentration in the Chinese industry. The FDI_CI for a sector is defined as the ratio between its share in total FDI sales value and its share in the national total sales value. Table 18 shows the result. In 1985, there were only four sectors where FDI showed strong concentration (FDI_CI is greater than 2), they were educational and sports products (including toys), transportation equipment, electronic and communication equipment, and apparatus and other measurement equipment. Among them, electronic and communication equipment has the highest concentration index (10.45). There were three sectors where FDI showed weak concentration (the FDI_CI is just above 1), they were foods, beverage, and plastic products. In 1995, there were still four sectors that FDI showed strong concentration. Two of them were the same as in 1985, they were educational and sports products and electronic and communication equipment, two of them were new, they were garment and leather products. All the four highly concentrated sectors of 1985 became much less concentrated in 1995, with the largest decline happening in the electronic and communication equipment sector. In addition, there were now 11 sectors that had an FDI_CI higher than one (the three sectors of 1985 remained). [Table 18 about here]

The above description of Table 18 provides two important messages. First, in the ten years between 1985 and 1995, FDI quickly spread into the Chinese economy, leading to less concentration as well as fuller coverage. In 1985, there were half a dozen of sectors that either did not have FDI, or had little presence of it whereas in 1995 there were no sector that did not have FDI. Second, while in 1985 FDI concentrated in relatively capital-intensive and resource-based sectors, in 1995 they moved more to the sectors, garment and leather products in particular, whose products give China sharper competitive edge in the international market. Indeed, there are two groups of FDI investors in China. One group are the firms that aim at China’s domestic market, most of them come from developed countries, especially those in North America and Europe. These firms tend to invest in industries where China’s own technical capacities are weak. The other group are firms that just want to use China’s cheap labor and preferential export policy to produce export goods. Most of them come from Hong Kong, Taiwan and overseas Chinese communities and tend to invest in industries that have the best export prosperity. This dichotomy of FDI is supported by Wang (1997) who found that more exporter-inclined FDI firms tend to have higher capital intensity whereas less exporter-inclined FDI firms tend to have higher labor intensity. The behavior of these two groups of firm is the force to drive what we have observed in Table 18.


The relationship between FDI and technical transfers in China can be first illustrated by the evolution of China’s technology importing pattern. As reviewed in Section 1, China relied heavily on importing complete sets of equipment to import technologies before early 1980s, and this practice continued in the eighties and early 1990s, albeit to a lesser extent. However, entering the second half of the 1990s, China no longer imports complete sets of equipment and almost solely rely on FDI to acquire foreign technologies (Wang, 1997, Table 12). 

However, studies show that FDI has not brought the newest technologies to the Chinese industry (Wang, 1997). Casual observations also provide evidence. For instance, the first foreign sedan produced in China, the Wolswagon Santana, has been using the model of early 1980s for nearly 20 years without any substantial improvements. In addition, the technologies used by the export firms set up by Hong Kong and Taiwan businessmen are certainly even inferior to those of many large domestic firms. However, the not-so-new technologies brought in by FDI are suitable technologies in the sense that they are adequate for China’s own economic situation as well as for the investors’ profit purposes. The fact that Santana is still the best selling sedan in China itself says a lot.

Indeed, the positive spillover effects of FDI may not come from the direct spread of “hard” technologies, but rather from the spread of “soft” technologies. The latter could include the following. First, the exchange of personnel between FDI firms and domestic firms help to spread better managerial skills as well as production methods. This may not be significant for large and domestic-oriented FDI firms because the flow of personnel for these firms has only one direction, that is, from domestic firms to FDI firms. However, it is very significant for those export-oriented FDI firms. Many employees of these firms leave them and set up their own factories, usually acting as a subcontractor to the old FDI firm (Liu, Wang, and Yao, forthcoming). Second, the entrance of FDI firms increases domestic competition, and competition in turn would lead to efficiency improvement on the part of domestic firms. Since this improvement is indirect and rather intangible, it is often ignored by commentators. Third, the competition for high quality employees forces domestic firms, especially those state-owned enterprises, to improve their utilization of human capital, which would naturally lead to improvement of efficiency in those firms. Lastly, FDI firms set up high standards in all aspects that are easily spread by the mass media. Domestic firms are under pressures to imitate those standards. In the next section, we will provide a quantitative assessment of FDI’s spillover effects by an econometric study of a sample of firms from the third national industrial census. 

4. An econometric assessment of firm-level technical efficiency

In the last two sections, we described the factors that affect the technical capacity for Chinese firms. For the ease of reference, we reiterate them here. They are firm size, ownership, public R&D efforts, firm-level R&D efforts, FDI, and geographic location. In this section, we provide an econometric assessment of those factors’ impacts on firm-level technical efficiency by using the data of the Third National Industrial Census that was conducted in 1995.

4.1 Measuring technical efficiency

There are parametric and non-parametric methods in measuring technical efficiency. The first method is adopted here. By this method, TE is measured based on the estimation of a production function. In this chapter, the stochastic frontier production function is adopted and defined for each industry as
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where yi is firm i’s output value, Li and Ki are the amount of labor and fixed capital (in monetary value) used in its production, a and b are the output elasticity for labor and capital, respectively, and A is the technical efficiency frontier of the whole industry. In addition, vi is a normal random variable with mean zero and variance (v2. It captures the measurement error in the data and is independent of the firm’s labor and capital input. Lastly, ui is defined as a half-normal random variable in the form of
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in which Ui is a normal random variable with zero mean and a variance of (u2. As such, ui has a positive mean. 

The industry’s production frontier is represented by ALiaKib, and the inefficiency of the ith firm is represented by ui. Because of the existence of the random variable vi, we can not estimate ui directly. However, given ei = vi – ui that is estimable, the ith firm’s TE index can be defined as the conditional expectation of ui given ei (Jondrow et. al, 1982)
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in which the parameters with the hat are the estimates. Figure 3 shows the index graphically in the case of one input. TE is the output distance between the industry’s potential and a firm’s actual performance at a specific amount of input. Therefore, higher TE represents less efficient performance. It is noteworthy that even for the same firm, its TE is not the same at different input level. In the figure, the specific firm becomes inefficient as its input increases. Since the output in equation (1) has been logarithmized, TE also represents the logarithmized inefficiency.[Figure 3 about here]

4.2 Data and the estimation of the production functions

The Third National Industrial Census was a comprehensive survey covering all the industrial firms in China. In this study, a roughly 10% sample of 37,769 firms is drawn from a commercial database that contains firms registered with township or above government administration.
 Stratified random sampling by industry is adopted as the sampling strategy. The two-digit industrial code is adopted to divide industries, but several public utility and power industries are excluded due to their small numbers of firm and monopoly status. As a result, 41 industries are left in the sample. In the sample, the percentages of small, medium and large firms are 96.48%, 2.63%, and 0.89%. These ratios are very close to those in the population in which 3.8% were medium and large firms and the rest were in small firms in 1995.
 

With the sample defined, the stochastic production function specified in (1) is estimated for the 41 industries separately. In the estimation, output is sales volume (1,000 yuan), labor is the number of workers, and capital is the original value of the fixed capital (1,000 yuan).
 Since output is sales volume, TE measures not only the firm’s efficiency in the production process, but also its efficiency in marketing and stock managing. In addition, because material inputs are not included in the estimation, TE also measures the firm’s capability in obtaining and using adequate material inputs. Therefore, TE measures not only a firm’s technical capacity, but also its management efficiency. This somewhat broad and coarse measure in fact fits well the purpose of this study.

We do not provide the results of the production functions because of the limit on space. With the results, we derive the TE index by equation (3). The next subsection will study the factors that affect its magnitude.

4.3 Determinants of TE

As a first step to determine the factors that affect a firm’s TE, we regress the TE on firm size, ownership types, the total R&D expenditure of the public research institutes in a province (million yuan), the total R&D expenditure of the state-owned and large private enterprises in a province (million yuan), as well as the percentages of collective, domestic private, FDI and other firms in a specific industry in the census. These percentages enter the regression to capture the spillover effects of different types of firm, especially that of FDI firms. There are three groups of firm in terms of size, large, medium and small. In the regression, large firms are used as the reference group. There are six types of ownership: state-owned (12.94%), collective (72.69%), (domestic) private (8.06%), Hong Kong, Macao and Taiwan invested (HMT FDI, 3.28%), other FDI firms (Non-HMT FDI, 2.95%), and others (0.07%). The state-owned firms are used as the reference group. The R&D expenditures of public institutes and firms were 1995 figures. In addition, the whole country is divided into six regions, coast, large cities, north, south, southwest and northwest, and coast is used as the reference region. The results of the regression are presented in Table 19 under regression (1). As the TE index has been logarithmized, the estimates can be interpreted as its percentage change as the corresponding variable changes by one unit. In addition, since the TE index shows technical inefficiency of a firm, a negative estimate means a positive effect on technical efficiency.[Table 19 about here]

Therefore, we can tell from the table that medium and small firms are respectively 17.4% and 43.5% less efficient than large firms. This result is consistent with casual observation as well as the discussion carried out in the last section. Large firms by far are the major player in technical innovations because they have better trained employees, better equipment, and more credits. In addition, large firms have better management because they have more educated managers. In contrast, smaller firms usually adopts the technologies invented by large firms, their management is also generally inferior because of the shortage of high quality employees. As a result, a technical ladder falling from large firms to small firms is formed. 

With firm size controlled, the result shows that compared with the SOEs, collective firms, private firms, and Non-HMT FDI firms are 15.1%, 45.5%, and 11.4% more technically efficient. However, HMT FDI firms are 8.2% less technically efficient than the SOEs whereas other firms do not show any significant difference from the SOEs.

The finding that all kinds of non-state firms except HMT FDI and other firms are much more technically efficient than SOEs may reflect the different incentive structures within the two groups of firms, an assessment that is strongly supported by domestic private firms’ large margin over the SOEs. However, the finding that HMT FDI firms are significantly less technically efficient than the SOEs is somewhat puzzling.

Does the non-state sector’s technical advantage spill over into the industry they reside? It is shown by the result that three of the four percentages are insignificant except that of private firms in a specific industry, which has a significant negative spillover effect. The percentage of FDI firms has the expected sign, but the estimate is highly insignificant. 

Next we turn to domestic R&D efforts. The result shows that R&D expenditure of public institutes in a province has no significant, if not negative, effect on the technical efficiency in that province, but firm-level R&D expenditure does. It is shown that an increase of one million yuan R&D expenditure by the firms in a province as a whole will increase each firm’s technical efficiency by 8.1% in that province. 

Lastly, we turn to regional differences. The result shows that large cities, north, and south are more efficient than the east coast, southwest is less efficient, and northwest has no significant difference. It is easy to understand that large cities and the south are more efficient than the east coast, but it is harder to understand why the north is also more efficient. 

To assess the sensitivity of the results, especially those concerning the spillover effect, we change the percentage of a specific type of firm in an industry to the percentage of the capital of a specific firm in an industry, and rerun the regression. The result is listed under regression (2) in Table 19. While other results do not change substantially, the spillover effects of most kinds of firm become even worse --- they are all negative except other firms’. Therefore, it may be proper to conclude that the spillover effect of FDI (and those of other kinds of firm, if there are any) is not significant if not negative inside an industry. Since the percentage of the SOEs is left out of both regressions to avoid collinearity, the result eventually shows that SOEs have a positive spillover effect to firms in a specific industry.

However, FDI may have a positive spillover effect within a province. Regressions (3) and (4) try to assess this conjecture. Regression (3) uses the percentage of firms of a type in a province, regression (4) uses the percentage of capital of a type in a province. This time, while most of the other results have no qualitative differences than in the first two regressions, the spillover effects of all the non-state firms are positive (so the spillover effect of the SOEs is negative). Among other results, the one for the R&D expenditure of public institutes is worth mentioning. Now, this expenditure is shown to have a negative impact on a firm’s technical efficiency. In addition, HMT FDI firms are shown to be not significantly inefficient than SOEs.

To summarize the results, we have the following major conclusions. First, small and medium firms are 17-18% and 44-45% less technically efficient than large firms. Second, collective, private, and non-HMT FDI firms are respectively 13-15%, 42-46% and 9-11% more technical efficient than the SOEs, but the differences between HMT FDI and the SOEs and between other firms and the SOEs are not strong and sensitive to different specifications of the model. Third, the spillover effect of FDI is not significant, if not negative, for a specific industry, but is very significant for a specific province. Fourth, R&D expenditure spent by public research institutes has no, if not negative, effect on a firm’s technical efficiency, but R&D expenditure spent by firms has a significant positive impact on the technical efficiency of firms in a specific province. This latter result is robust for all the four specifications of the model. Lastly, the south is consistently shown to be more technically efficient than the east coast whereas the results for other regions are mixed and depend on model specification.

The lack of spillover effect of FDI within an industry and its positive spillover effect within a province show that the spillover effect does not work through the transfer of hard technologies, or through competitions in the product market (in fact, the competition in the product market may have a negative impact), but through personnel exchange, competition for better employees, and a higher standard of image. This finding is consistent with the finding of Bee Aw Roberts’ work on Taiwan in this volume. 

The finding that R&D expenditure by public research institutes has no or a negative effect on a firm’s technical efficiency is an interesting one. It shows that either public research has not turned out useful outcomes, or those outcomes have not been transformed into real productivity, or public R&D spending has a crowding effect on firm-level technical improvements. This is sharply contrasted with the consistently positive effect of firm-level R&D expenditure. This contrast, however, is consistent with the reviews presented in the last two sections.

5. Conclusions

There are two unsolved central issues identified by this chapter regarding China’s technological development strategy. One is that China has not found the right balance between advanced technology and suitable technology, the other is that its domestic R&D efforts are dominated by the government (including the public research institutes supported by government funds). With both the descriptive review and the econometric assessment, this chapter has clearly shown that the dominance of the government and public research institutes does not help, or even harm (through the crowding-out effect) the improvement of China’s industrial technical efficiency. On the other hand, our econometric analysis has shown that firm-level R&D spending has a strong positive spillover effect on the firms in a province, one million yuan of firm-level R&D spending in a province will bring an improvement of 8% on the technical efficiency of all the firms in that province. The policy implication thus is strong and clear: R&D efforts should be decentralized down to the firms. 

However, this policy recommendation by no means asks China to give up financing public research institutes. At the current stage, it suffices to make most of the public research institutes profit-seekers instead of pure research units. The Chinese government has begun to head toward that direction, and the progress thus far is encouraging. The most significant change has happened to the CAS that has initiated a major reform to its research institutes. Except for a few to remain in the basic research area, most institutes will have to change to profit-oriented applied research. In terms of the limited financial and human resources that China is currently endowed, this change certainly brings research to serve more on improving China’s current competitiveness. Of course, it would also be a mistake for China to abandon its basic research. In fact, China has the best basic research capacity in the developing world and should make a good use of it. Currently, the linkage between basic research and technical capacities should be enhanced, so the value of basic research could be realized, and basic research itself could be sustained. Overall, China still needs to seek a balance between basic research and applied R&D as well as between government initiatives and private innovations.

Another balance that China has to maintain is between advanced technologies and suitable technologies. On the one hand, it is clear that China will remain as a technological follower for quite a long time into the future because it is still capital-constrained and lacks the necessary support of the basic scientific research that is found in developed countries such as the US. The fact that even Japan can not compete with US in the area of most advanced technologies is sufficient to warn any serious attempt of any developing countries to challenge the world’s most advanced technologies such as microprocessor. On the other hand, although China’s apparent comparative advantage is still in labor-intensive industries, we have seen from China’s recent export record that these industries have been augmented by a significant technical component in recent years. This trend will certainly continue and in fact is necessary to maintain China’s competitiveness in the international market. Indeed, other labor-abundant countries, e.g., Vietnam and Bangladesh, have emerged to challenge China’s dominance in the world’s textile and garment markets. Export has been a major engine for China’s fast economic growth. To maintain the growth momentum, it is necessary for it to move up the technological ladder in order to keep its share in the international market. Therefore, investing in some key technologies that China currently does not have an apparent comparative advantage may not be a waste of resources, but conducive to China’s sustained economic growth. However, it is imperative for local governments to realize that only a handful of advanced localities can probably do that investment, for the majority of cities, sticking to their current comparative advantage is the rule.

This chapter also sheds lights on the role of FDI in disseminating technologies. Both descriptive and econometric analyses show that FDI’s role in disseminating hard technologies is weak or absent, rather, its spillover effect is likely to come from the interchange of personnel between foreign and domestic firms as well as from other kinds of information flow. The transfer of technologies may happen more inside the multinational firms. But this can not be taken as evidence against FDI --- after all, the setup of an advanced firm by a multinational company itself is good for the local economy if the firm’s business is well integrated into the local economy. 

Corresponding to the above conclusions, the lessons that a developing country can learn from the Chinese experience are also threefold. First, public research institutes are generally much less efficient than firms in utilizing R&D resources. Second, for a large country, a balance between following its current comparative advantage and catching up with more advanced technologies should be carefully studied and pursued. Third, FDI generally will not disseminate advanced “hard” technologies into the host country, but through exchange of personnel, local economy will benefit from the presence of FDI by having a better labor force, more qualified managers, and more abled entrepreneurs. 
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Tables and Figures

Table 1. TFP in China: 1953-1995 (%)*




Year
GDP
Capital
Labor
TFP
TFP


Growth Rate
Growth Rate
Growth Rate
Growth Rate
Contribution**

1953
13.17
21.88
2.94
4.55
34.53

1954
5.78
17.95
2.60
-1.43
-24.65

1955
6.44
14.37
2.03
0.71
10.99

1956
14.11
16.54
2.40
7.47
52.93

1957
4.50
18.46
3.05
-3.17
-70.51

1958
22.10
24.68
8.75
8.57
38.78

1959
8.06
30.78
5.71
-5.17
-64.16

1960
-1.42
23.26
0.86
-9.00


1961
-18.43
3.45
-1.07
-18.72


1962
-6.51
-0.09
-0.73
-5.97


1963
10.70
2.55
1.59
8.82
82.45

1964
16.95
4.31
3.46
13.24
78.08

1965
16.95
9.08
3.79
11.57
68.28

1966
17.02
8.17
3.71
11.97
70.34

1967
-7.24
4.60
3.62
-11.15


1968
-6.54
2.33
3.43
-9.64


1969
19.36
4.20
3.81
15.43
79.72

1970
23.22
9.86
3.95
17.50
75.35

1971
9.13
9.67
3.76
3.60
39.40

1972
2.85
8.31
2.25
-1.22
-42.74

1973
8.30
9.91
1.55
4.24
51.11

1974
1.15
8.35
2.15
-2.86
-248.70

1975
8.32
8.48
2.23
4.22
50.66

1976
-2.65
7.25
2.18
-6.35


1977
7.79
8.43
1.78
4.02
51.54

1978
12.27
9.85
1.86
8.01
65.31

1979
7.60
10.91
2.24
2.76
36.30

1980
7.81
8.63
2.89
3.20
40.95

1981
5.26
5.66
3.38
1.20
22.74

1982
0.82
8.20
1.27
-2.53
-308.41

1983
19.90
8.04
5.32
13.76
69.17

1984
15.18
9.09
3.22
10.20
67.19

1985
13.47
12.06
3.73
7.24
53.76

1986
8.86
13.22
2.99
2.80
31.61

1987
11.57
10.40
3.20
6.21
53.67

1988
11.27
10.52
3.01
6.01
53.30

1989
4.07
9.49
2.37
-0.44
-10.71

1990
3.83
8.97
2.17
-0.38
-9.92

1991
9.16
12.00
2.40
3.88
42.36

1992
14.24
14.00
2.21
8.49
59.64

1993
13.50
12.84
2.30
8.04
59.54

1994
12.66
11.47
2.26
7.64
60.32

1995
10.17
11.54
2.20
5.17
50.82








1953-1959
10.59
20.67
3.93
1.65
-3.15

1960-1962
-8.79
8.87
-0.31
-11.23


1963-1978
8.60
7.21
2.82
4.46
32.37

1979-1988
10.17
9.67
3.13
5.08
12.03

1989-1990
3.95
9.23
2.27
-0.41
-10.32

1991-1995
12.64
12.46
2.24
7.33
57.58








1953-1978
6.92
11.07
2.79
1.65
17.55

1979-1995
10.09
10.31
2.75
5.06
22.75

1953-1995
8.25
10.78
2.76
3.08
20.84








* Following Jiang et al. (1998), the share for labor is 0.7, and the share for capital is 0.3.

** Years with negative GDP growth rates are excluded from the calculation.

Source: Data on GDP, capital and labor growth rates are from Li et al. (1998), page 246-247.

 TFP figures are calculated by the author.




Table 2. China's Export Composition: 1985-1998 (million US dollars)


1985

1990

1995

1999


Volume
%

Volume
%

Volume
%

Volume
%

Total exports*
25,915.61


52,067.32


148,769.74


194,930.00


Agricultural products
6,595.34
25.45

14,820.44
28.46

18,920.63
12.72

12,147.15
6.23

Textile and related products
5,729.43
22.11

12,416.66
23.85

37,498.37
25.21

43,412.18
22.27

Other light industrial products
1,564.28
6.04

9,192.38
17.65

40,141.03
26.98

26,772.28
13.73

Metal and nonmetal products
8,125.62
31.35

9,184.86
17.64

15,251.75
10.25

11,207.44
5.75

Chemical products and medicine
860.97
3.32

2,439.17
4.68

7,668.33
5.15

10,379.88
5.32

Machinery
507.77
1.96

3,723.62
7.15

14,959.94
10.06

39,886.45
20.46

* The total export volume does not equal to the sum of individual categories because of statistical discrepancy. As a result,


the percentages do not add up to 100.











Source: China Statistical Yearbook of Foreign Trade and Commerce, 1986-1999, China Statistical Press.














Table 3. The First Ten Most Exported Products in China: 1985-1999 (million US dollars)



1985

1990

1995



1999

Rank

Items
Volume
% of total

Items
Volume
% of total

Items
Volume
% of total

Items
Volume
% of total

1

Crude oil
5,451.87
21.04

Crude oil
3,817.75
7.33

Garment
16,592.24
11.15

Garment
30,057.85
15.42

2

Refined oil
1,460.24
5.63

Garment
3,425.10
6.58

Home appliances
5,656.84
3.80

Textile products
12,316.88
6.32

3

Grain
1,350.80
5.21

Cotton fabric
1,531.33
2.94

Comm. equipment
4,621.05
3.11

Shoes
8,672.70
4.45

4

Garment
1,166.27
4.50

Refined oil
1,110.87
2.13

Toys
3,396.54
2.28

Computer products
7,922.03
4.06

5

Cotton fabric
938.87
3.62

Knitted products
934.88
1.80

Steel
3,219.54
2.16

Plastic products
5,174.88
2.65

6

Cotton
420.03
1.62

Feeds
887.32
1.70

Cotton fabric
3,180.03
2.14

Toys
5,112.14
2.62

7

Canned foods
382.40
1.48

Home appliances
873.23
1.68

Cotton knitted products
2,583.82
1.74

Furniture
2,707.81
1.39

8

Chem. inputs
357.06
1.38

Silk fabric
782.28
1.50

Crude oil
2,064.21
1.39

Cable comm. 

products
2,311.50
1.19

9

Silk fabric
356.78
1.38

Cotton yarn
777.77
1.49

Wool knitted products
1,888.42
1.27

Oil and products
2,076.36
1.07

10

Silk
349.76
1.35

Steel
711.43
1.37

Cotton textile products
1,877.07
1.26

Integrated circuits
2,058.07
1.06

Source: China Statistical Yearbook of Foreign Trade and Commerce, 1986-1999, China Statistical Press.









Table 4. Competitive Indices of Several Asian Countries*


Textile

Garment


1989
1991
1993

1989
1991
1993

Japan
0.14
0.23
0.30

-0.86
-0.87
-0.90

Korea
0.52
0.52
0.57

0.95
0.95
0.88

Thailand
-0.04
0.03
0.01

0.98
0.98
0.98

China
0.10
-0.01
0.01

0.99
0.99
0.94

* The competitive index is the ratio between the net exports and the 


  total trade volume.







Source: Jin (1997), page 206.






Table 5. China's Imports and Exports of Color TV: 1982-1992 (sets, Million US dollars)


1982*
1984
1986
1990
1992

Imports






Quantity

1,423,584.0 
83,760.0 
36,964.0 
70,591.0 

Expenditure
207.2 
251.5 
24.4 
10.8 
19.4 

Exports






Quantity

217,349.0 
2,070,145.0 
3,621,264.0 
3,174,467.0 

Revenue
21.4 
51.5 
378.6 
686.5 
499.4 

Trade surplus
-185.8 
-200.0 
354.3 
675.7 
480.0 

* Including TV and other sound devices.




Source: Chen (1998), page 114.




Table 6. China's Trade of Computer and Related Products in the Nineties (million US dollars)


1992
1993
1994
1995
1996*

Imports
1,120 
1,477 
2,162 
2,588 
1,410 

Exports
1,068 
1,560 
3,052 
4,600 
2,600 

Surplus
-52 
83 
890 
2,012 
1,190 

* The first half of the year.





Source: Chen (1998), page 119.




Table 7. Distribution of R&D Personnel in Chinese Research Institutes



1991

1994


1997


# Persons
%


# Persons
%


# Persons
%

By affiliation











Central government
485,431 
61.6 


430,291 
52.9 


359,713 
58.2 

CAS
48,595 
6.2 


56,029 
6.9 


38,104 
6.2 

Provinces
253,852 
32.2 


327,361 
40.2 


220,288 
35.6 

Total 
787,878 
100.0 


813,681 
100.0 


618,105 
100.0 

By region











East
396,326 
52.9 


420,894 
55.6 


308,592 
53.2 

Central
162,855 
21.7 


175,045 
23.1 


133,285 
23.0 

West
190,298 
25.4 


161,703 
21.3 


138,124 
23.8 

Total
749,479 
100.0 


757,642 
100.0 


580,001 
100.0 

Source: Chinese Statistical Yearbook of Science and Technology, 1992-1998, 



China Science and Technology Press, Beijing.



















East: Beijing, Tianjin, Hebei, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong.


Central: Heilongjiang, Jilin, Liaoning, Shanxi, Henan, Hubei, Anhui, Jiangxi, Hunan, Guangxi, Hainan.


West: Inner Mongolia, Ninxia, Shaanxi, Gansu, Qinhai, Xinjiang, Sichuan, Chongqing, Guizhou, Yunnan. 


Table 8. Distribution of R&D Expenditure in Chinese Research Institutions (million yuan)


1991

1994

1997


Expenditure
%

Expenditure
%

Expenditure
%

By affiliation









Central government
13,446.45 
61.59 

23,560.66 
59.69 

33,071.66 
67.98 

CAS
1,397.50 
6.40 

2,958.41 
7.50 

3,517.11 
7.23 

Provinces
6,988.95 
32.01 

12,950.38 
32.81 

12,057.33 
24.79 

Total 
21,832.90 
100.00 

39,469.45 
100.00 

48,646.09 
100.00 

By region









East
12,707.39 
62.18 

8,352.56 
64.50 

28,846.37 
63.92 

Central
3,556.99 
17.41 

2,593.39 
20.03 

7,652.41 
16.96 

West
4,171.02 
20.41 

2,004.44 
15.48 

8,630.21 
19.12 

Total
20,435.40 
100.00 

12,950.38 
100.00 

45,128.99 
100.00 

Source: Chinese Statistical Yearbook of Science and Technology, 1992-1998,


China Science and Technology Press, Beijing.







Table 9. Sectoral Distribution of Institute R&D Personnel in the Chinese Manufacturing Sector


1991

1994

1997

Sector

# Persons
%

# Persons
%

# Persons
%

Mining

19,112 
10.5

14,890 
6.3

13,510 
5.3

Light industry

23,062 
12.7

19,183 
8.2

15,477 
6.0

Heavy Industry

139,334 
76.8

200,732 
85.5

227,103 
88.7

Total

181,508 
100.0

234,805 
100.0

256,090 
100.0












Selected Industries









Textile

7,663 
4.2

6,135 
2.6

4,801 
1.9

Medicine

10,055 
5.5

6,511 
2.8

7,816 
3.1

Electronics




62,568 
26.6

62,221 
24.3

Source: Chinese Statistical Yearbook of Science and Technology, 1992-1998, China


Science and Technology Press, Beijing.







Table 10. Institute R&D Expenditure in the Chinese Manufacturing Sector (million yuan)



1991

1994

1997

Sector

Expenditure
%

Expenditure
%

Expenditure
%

Mining

691.02 
6.32 

923.91 
5.62 

1,578.20 
7.57 

Light industry

883.32 
8.08 

1,438.41 
8.75 

972.20 
4.66 

Heavy Industry

9,353.05 
85.59 

14,073.76 
85.63 

18,307.39 
87.77 

Total

10,927.40 
100.00 

16,436.08 
100.00 

20,857.79 
100.00 












Selected Industries









Textile

401.50 
3.67 

555.83 
3.38 

434.32 
2.08 

Medicine

627.06 
5.74 

1,134.28 
6.90 

1,022.14 
4.90 

Electronics

2,131.32 
19.50 

3,143.59 
19.13 

3,989.99 
19.13 

Source: Chinese Statistical Yearbook of Science and Technology, 1992-1998, China Science and Technology Press, Beijing.











Table 11. Fund Distribution of the "863" and Torch Projects in 1997 (1,000 yuan)



"863" Project

Torch Project


#

Projects
Expenditure
Government 

funds

# Projects
Expenditure

Total
1,087 
505,376 
368,571 

1,987 
14,444,524 

Information technology
341 
142,401 
102,262 

369 
5,265,957 

Bio-technology
271 
65,382 
60,247 

274 
1,899,482 

New materials
202 
77,352 
54,825 

475 
2,008,300 

Energy*
14 
126,012 
110,271 

243 
1,320,934 

Automation
225 
86,505 
33,397 

486 
2,423,521 

Others
34 
7,724 
7,569 

140 
1,526,330 

* Includes environmental technology for the Torch Project.

Source: Chinese Statistical Yearbook of Science and Technology, 1998, 


China Science and Technology Press, Beijing.

Table 12. Commercial Applications of "863" Projects in 1986-1996 Period (%)



Product
Product
Product
With substantial



in test
finalized
in production
profit

Bio-technology

24.2
3.9
32.7
3.9

Energy

3.3
2
55.9
1.3

New materials

15.1
12.9
38.4
2.6

Automation

5.3
12.6
11.3
0

Information technology

1.4
13.8
49.4
3.8

Light-electronics

2.8
15
49.1
1.9

Total

8.2
10.7
38.2
2.5

Souce: Gu et al. (1998), page 364.

Table 13. Key Technology Project in 1997 (1,000 yuan)


# Projects
Expenditure
Government Funds

Total
1,545 
1,651,838 
683,382 

Agriculture
334 
250,769 
165,051 

Social development
685 
475,890 
191,856 

Hi-tech industry
526 
925,179 
326,475 

Source: Chinese Statistical Yearbook of Science and Technology, 

1998, China Science and Technology Press, Beijing.

Table 14. The Distribution of the Star Project in 1997 (1,000 yuan)


# Projects
Expenditure

Total
1,561 
8,217,701 

Agriculture and fishery
360 
1,836,623 

Mining
19 
67,290 

Manufacturing
1,070 
5,570,299 

Utilities
12 
44,505 

Construction
35 
159,152 

Transportation
9 
26,520 

Wholesale and retailing
3 
22,600 

Finance and insurance
0 
0 

Real estate
0 
0 

Social services
9 
71,190 

Health, sports and welfare
16 
167,094 

Education, arts, and media
3 
26,330 

Technical services
16 
188,746 

Government agencies
0 
0 

Others
9 
37,352 

Source: Chinese Statistical Yearbook of Science and Technology, 1998, China Science and Technology Press,

Beijing.

Table 15. Scientific Publications, Patents, and Technological Contracts 


1991
1994
1996/7 2

Publications 1
10,334 
18,179 
19,598 

Patents
66,573 
107,929 
134,932 

Technological contracts
948,063 
2,288,696 
3,513,718 

1. Publications indexed by SCI, ISTP, and EI. 


2. Figure for publications is for 1996, others are for 1997.


Source: Chinese Statistical Yearbook of Science and Technology, 

1992-1998, China Science and Technology Press, Beijing.

Table 16. Technical Transfer Contracts in Recent Years


1991

1994

1997


 Quantity 
 Share (%) 

 Quantity 
 Share (%) 

 Quantity 
 Share (%) 

Total
948,063 
100.00 

2,288,696 
100.00 

3,513,718 
100.00 

By type of contract









Technical development
344,101 
36.30 

714,642 
31.22 

1,162,291 
33.08 

Technical transfers
161,400 
17.02 

375,975 
16.43 

633,517 
18.03 

Technical consultation
60,790 
6.41 

208,052 
9.09 

286,530 
8.15 

Technical services
381,772 
40.27 

990,027 
43.26 

1,431,380 
40.74 

By type of provider









Research institutes
444,762 
46.91 

890,529 
38.91 

1,206,327 
34.33 

Universities
68,323 
7.21 

171,416 
7.49 

452,864 
12.89 

Enterprises
124,148 
13.09 

408,485 
17.85 

511,756 
14.56 

Trading intermediaries
195,204 
20.59 

647,089 
28.27 

868,712 
24.72 

Individuals
13,902 
1.47 

43,037 
1.88 

64,060 
1.82 

Others
56,113 
5.92 

128,139 
5.60 

409,999 
11.67 

Contracts by enterprises*
605,430 
100.00 

1,505,246 
100.00 

2,126,994 
100.00 

Large and medium
404,470 
66.81 

987,497 
65.60 

1,219,340 
57.33 

Small 
150,416 
24.84 

342,291 
22.74 

562,029 
26.42 

Rural 
50,544 
8.35 

175,458 
11.66 

345,625 
16.25 

* Including both providers and receivers.








Source: Chinese Statistical Yearbook of Science and Technology, 1992-1998, China Science and Technology Press, Beijing.








Table 17. Exporters and Selected Importers of Technologies in 1993 (million yuan)






Exporters












Province
Beijing
Sichuan
Shanghai
Liaoning
Hunan
Hubei
Jilin
Tianjin
Henan
Shaanxi
Heilongjiang

Net export value
1,240 
630 
488 
417 
149 
115 
101 
85 
60 
52 
31 

Selected importers












Province
Guangdong
Hainan
Shandong
Shanxi
Jiangsu
Guangxi
Inner Mongolia
Zhejiang
Fujiang
Hebei
Guizhou 

Net import value
765 
437 
342 
274 
244 
164 
157 
152 
145 
130 
102 

Source: He et al. (1996), page 381.










Table 18. FDI Concentration in the Chinese Manufacturing Sector (sales volume): 1985, 1995


1985

1995


All firms (%)

FDI firms(%)

FDI_CI

All firms (%)

FDI firms(%)

FDI_CI

Food
7.37

7.65

1.04

7.65

8.82

1.15

Beverage
1.92

2.43

1.26

2.19

2.83

1.29

Tobacco
2.55

0

0

2

0.06

0.03

Textile
12.94

7.42

0.57

8.58

7.56

0.88

Garment and fabrics
2.21

1.35

0.61

2.71

6.79

2.5

Leather
1.11

0.49

0.44

1.8

4.79

2.66

Wood processing
0.76

0.73

0.96

0.74

0.99

1.34

Furniture
0.58

0.43

0.75

0.41

0.61

1.51

Paper and products
2.04

0.38

0.19

1.94

1.63

0.84

Printing
0.94

0.83

0.88

0.78

0.7

0.9

Educational and sports products
0.49

1.96

3.99

0.71

1.76

2.5

Oil refinery and related products
3.39

0

0

4.13

0.29

0.07

Chemical products
7.36

2.79

0.38

7.24

4.5

0.62

Medicine
1.62

0.5

0.31

1.82

1.64

0.9

Chemical polyesters
1.19

0

0

1.58

0.98

0.62

Rubber products
1.81

0.19

0.1

1.19

1.46

1.23

Plastic products
1.85

1.89

1.03

2.11

3.43

1.63

non-metal mineral products
5.46

0.36

0.07

5.59

3.14

0.56

Metal refinery and processing
7.06

0.97

0.14

7.59

2.33

0.31

Non-ferrous metal refinery and processing
2.03

1.7

0.84

2.6

1.6

0.62

Metal products
2.99

1.62

0.54

3.06

4.01

1.31

Machinery
10.72

7.06

0.66

7.75

4.63

0.6

Transportation equipment
5.66

18.58

3.28

6.42

7.97

1.24

Electric equipment
4.51

1.28

0.28

5

5.95

1.19

electronic and communication equipment
3.27

34.11

10.45

4.89

14.63

2.99

Apparatus and measuring equipment
1.31

3.52

2.68

0.84

1.61

1.91

Other manufacturing
1.38

0.87

0.63

1.31

1.98

1.52

Electricity
4.35

0

0

6.2

3.27

0.53

Source: Wang (1997), Table 2.












Table 19. Determinants of Firm-level Technical Efficiency (37,769 cases)



(1)
(2)
(3)
(4)

Variable

Estimate
St. Error

Estimate
St. Error

Estimate
St. Error

Estimate
St. Error

Constant

0.8220
0.8921

0.1160
0.1143

10.1302*
0.4324

1.3829*
0.0463















Medium firm

0.1739*
0.0399

0.1773*
0.0411

0.1828*
0.0396

0.1880*
0.0395

Small firm

0.4351*
0.0353

0.4489*
0.0364

0.4420*
0.0350

0.4526*
0.0349















Collective firm

-0.1506*
0.0104

-0.1528*
0.0107

-0.1356*
0.0103

-0.1329*
0.0103

Private firm

-0.4550*
0.0151

-0.4607*
0.0155

-0.4342*
0.0150

-0.4216*
0.0150

HMT FDI firm

0.0082*
0.0032

0.0076*
0.0032

0.0052
0.0032

0.0047
0.0032

Non-HMT FDI firm

-0.1140*
0.0215

-0.1128*
0.0219

-0.0995*
0.0214

-0.0988*
0.0213

Other

0.0131
0.1222

0.0099
0.1238

0.0284
0.1213

0.0285
0.1208















Percentage of collective firms in industry/province
-0.0050
0.0119




-0.1014*
0.0045




Percentage of private firms in industry/province

0.0841*
0.0289




-0.0895*
0.0044




Percentage of FDI firms in industry/province

-0.1846
0.1279




-0.0846*
0.0068




Percentage of other firms in industry/province

0.1322
0.0706




-1.8388*
0.1771


















Percentage of collective capital in industry/province



0.0173*
0.0013




-0.0099*
0.0005

Percentage of private capital in industry/province




0.0564*
0.0065




-0.0112*
0.0016

Percentage of FDI capital in industry/province




0.0939*
0.0078




-0.0060*
0.0004

Percentage of other capital in industry/province




-0.1223*
0.0132




-0.0879*
0.0173















Institute R&D expenditure in province

0.0050
0.0026

0.0051
0.0027

0.0141*
0.0029

0.0066*
0.0026

Firm R&D expenditure in province

-0.0814*
0.0001

-0.0820*
0.0109

-0.0591*
0.0107

-0.0807*
0.0105















Large cities

-0.1021*
0.0191

-0.1060*
0.0195

-0.2632*
0.0356

0.0012
0.0204

North

-0.1687*
0.0093

-0.1727*
0.0096

-0.0933*
0.0107

0.0359*
0.0144

South

-0.0447*
0.0115

-0.0490*
0.0120

-0.0356*
0.0116

-0.0616*
0.0123

Southwest

0.1944*
0.0167

0.1806*
0.0176

0.1611*
0.0188

0.1961*
0.0191

Northwest

0.0128
0.0212

0.0291
0.0225

-0.1224*
0.0230

-0.1293*
0.0240















R2

0.13

0.12

0.15

0.15

* Significant at the 1% significance level.

Figure 1. Comparison of the Distribution R&D Personnel in the US, South Korea and China (1996)
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Source: You (1998), page 98-99.
Figure 2. Comparison of the Distribution of R&D Expenditure in the US, EU, Japan and China (1996)
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Figure 3. Technical Efficiency
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� All the numbers quoted here are from IFC (2000).


� When Mao Zedong first stood on Tian'anmen, the southern gate of the Forbidden City, after the Communist entered Beijing, a government official in charge of industry told him: "You will see chimneys all over the south in the future."


� The categorization of 1999 might have changed in a way that all the textile products were grouped into one category.


� China Statistical Yearbook: 1999, page 432.


� This is a phrase coined by Justin Lin. The English translation does not catch its vivacity in Chinese.


� The figures do not include R&D personnel in enterprises.


� The database is compiled by the State Statistical Bureau and sold by a company affiliated to it.


� China Statistical Yearbook of  Industry, 1995, China Statistical Press, Beijing , 1996.


� The database does not provide data on net value of capital, nor does it provide data on material inputs.
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