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“A Growing Technological Gap with China?”

Smita Purushottam

The drivers for sustaining the decades-long growth of the Chinese economy are the subject of enduring conjecture, controversy and even wonder. From a US$ 1 trillion economy in the 1980s, China’s GDP has crossed the US$ 4 trillion mark and is vying with Japan for number 2 status. China has now set itself the task of becoming a major R & D power in the medium –term, signalling its “arrival” as a major power.

2. It is the successful integration of R & D with productive economic outcomes that ensures the sustained “competitive advantage” of a nation – its capacity for innovation and generating cutting edge R & D, its economic productivity, its institutional health and social and physical infrastructure - as Michael Porter taught us two decades ago. Competitive Advantage results from a dynamic process of constant national renewal, reinvention and technological upgradation. And it is ultimately the source of sustained “Comprehensive National Power (CNP)”, a term which finds greater favour with the Chinese.
3. The Chinese understand this linkage well. The exhortation in their 16-character policy - “Let the civil support the military” – seems to indicate their realisation that only a healthy economy can sustain an increase in national/military power.

4. The 2010 biennial Science and Engineering Indicators (SEI) Report of the U.S National Science Board - echoed Michael Porter when it emphasised the correlation of “Investment in R&D, science, technology, and education …with economic growth, as well as the development of a safe, healthy, and well-educated society”.  The SEI warned that a host of other countries emulating the example of the United States could eventually lead to an erosion of its leading position.

5. Indeed, falling behind in scientific and technological innovation would have terminal consequences for the ascendancy of the advanced economies.  So it is natural that China’s rise as an R & D power is increasingly under the lens. Having achieved several successes on the GDP, export, and forex front, China’s sights have expanded to include building a knowledge economy and innovative society.  China has decided that it is time to end its foreign technology dependence and has declared that from 2002, the national strategy for developing science and technology had shifted “from following on the heels of others to making independent innovations and technological strides.”

6. It is not however a phenomenon which has been much commented upon in India. With India also rising and struggling with these questions, an understanding of China’s achievements and reforms should be both instructive and cautionary, in terms of its implications for our relative CNP!

7. Some analysts scoff at the possibility of China emerging as a major S & T power. The Chinese themselves admit that China had modest science and technological capabilities at the turn of the last century. George Gilboy
 contended that China’s growth model reinforced rather than challenged the technological leadership of advanced democracies. For example, the fact that foreign-invested firms in China accounted for 88% of its high-tech exports
 - was seen as a clear indicator of China’s technological dependence.  But according to World Bank data analysed by Hu & Jefferson
 – the contribution of China’s domestically owned firms in the high-tech export sector rose to about 50% by 2000 from 20% in 1995, while high-tech exports in China’s overall export basket constituted 23% in 2003 - rising from 6% in 1990, as compared to only 5% for India.

8. Critiques of China’s military modernisation highlighted that China’s R & D successes were achieved mostly through reverse engineering and “copying” foreign technology.  The Cox Committee Report contained an exhaustive account of an unprecedented and concerted effort at acquisition of military technologies and Richard Fisher wrote extensively on this subject.

9. Some commentators also argued that the absence of political freedoms could act as a brake on innovative capability.  However the theory of competitive advantage, whose postulates are a market economy and freedom to innovate, does not emphasise democratic forms of government as an essential prerequisite. It may also be recalled that Soviet scientists achieved several scientific breakthroughs under a repressive political system, and China has a growing economic base as an advantage.

China’s achievements

Quantitative

10. Will China prove the sceptics wrong? Can China build a model which can deliver cutting edge results and overtake the advanced democracies in science and technology, and thereafter, in other measures of national accomplishment? Consider this brief overview of key indicators and trends in R& D, based mainly on SEI but also on EU/OECD reports:

· According to the SEI 2010, China ranked third in global R&D expenditures of over $1 trillion in 2007.  China’s expenditure on R & D was $87 billion PPP in 2006. India’s GERD reached only US$ 23.7 billion in PPP in 2004
.

· China had the highest growth rate in R&D expenditure, averaging 19% annually over the past decade.

· China’s R&D/GDP ratio rose from 0.6% in 1995 to 1.4% in 2005
.  India’s R & D expenditure to GDP ratio is around 0.85%.

· The business sector funded 72% of R & D expenditures in China in 2007 from 60% in 2000. The business sector accounts for the bulk of total R&D (GERD) in major R & D powers. This is important when systemic drivers for an innovation driven economy are considered.
· China's share of world high-tech exports rose from 3% in 1999 to 15% in 2005
 while according to the SEI, this share reached 20% in 2008. 

· In 2005, China joined the group of the top ten countries filing international patents with WIPO. Within China, Hu & Jefferson found an increasingly robust patent system. However, according to SEI - China’s share of patents filed in the U.S. in all major technology areas was only around 1% - and it concluded that “Indigenous inventive activity, a focus of government policy, appears elusive, at least as indicated by patents filed in a major Western market”. 

· China has climbed several other heights in terms of increase in its student population, doctorates awarded and number of research publications, both published and cited.

Systemic reforms

11. China also implemented synchronized structural reforms in its educational, scientific, technology and industrial architectures.  It introduced a system of economic incentives and rewards, including tax incentives, while reducing government subsidies for R & D, strengthened its patent regime, linked higher education with China’s enterprise system, and introduced competitive, merit-based appraisal systems and funding linked with performance benchmarks. This energised R & D and integrated it into commercially and militarily useful end-products. One researcher described the reforms thus “…starting in 1985, the country set out to create a more competitive, merit-driven system that would respond to market needs…. turned the applied research labs affiliated with the various ministries into enterprises that have to turn discoveries into marketable products or find corporate sponsors for their research. …Research funding and promotions are heavily dependent on a researcher's output of scientific papers and patents.”

12. Hu and Jefferson substantiated this: “Since the reform, China's S&T system has exhibited a rapid shift … to sources of innovation that increasingly lie outside the state sector… visible in the growing portions of R&D spending accounted for by the enterprise sector, particularly the non- state sector, the restructuring of China's research institutes, and the growing role of universities as a critical locus of research activity.  Links between the public and private sectors have smoothed the transfer of technologies from the lab to the marketplace
."
13. Chinese companies like Lenovo, Huawei, Haier and others, many of which were offshoots of the Chinese Academy of Sciences, other governmental institutes and universities, are also increasing investment in R & D. This is corroborated in the SEI 2010 (para 7 above). Similarly, the highest figures of business support of academic R&D are in China (35%).

14. Chinese higher educational policy aims at elevating Chinese universities to world class status.  China's commitment to upgrading its education system as set out in its five-year plans and 985/211 Programmes, focused on major new funding and reforms. The number of undergraduate and graduate students in China has been growing at approximately 30% per year since 1999
.  Chinese authorities have also provided incentives for the return of overseas scholars to contribute to their country’s scientific success. They are employed in prestigious Academies and Institutes, R&D centres set up by MNCs, and science and technology parks and incubators.  China’s Rocket King, who passed away in November 2009, was forced to return from the United States and subsequently developed China’s rocket programme. Some citations quote a figure of 80% of the members of the Chinese Academy of Sciences and 54% of those of the Chinese Academy of Engineering being returned overseas scholars
. China is also promoting partnering arrangements with ranking foreign Universities and international student exchanges in a big way, having realized the revenue earning potential of its higher educational sector. Developing countries are sending tens of thousands of students to study in China and even Americans, Japanese and South Koreans are coming to China.

15. Thus, the Government has tried to create fresh drivers and incentives for innovation in sectors which are most likely to produce results.
16. A recent (November 2009) decision to encourage indigenous innovation is the establishment of an Indigenous Innovation Product Accreditation system that gives preference to products containing domestic intellectual property in government procurement, which has aroused the opposition of foreign companies operating in China.

China’s Advantages

17. In its quest to attain S & T heights, China has these advantages over India:

· It had a head start in reforms launched in 1978 of nearly 13 years. India’s reforms were launched in 1991. China is thus well ahead of India in economic and health indicators, a key factor in productivity and therefore competitive advantage.

· China’s technocratic leadership ensures that priority is given to technological development.  A significant proportion of Central Committee and Politburo members are engineers from Tsinghua University
 - including former premier Zhu Rongji, President Hu Jintao, Vice President Xi Jinping and Wu Bangguo. Cheng Li
 states that it has become the most important “cradle for technocrats in post-Mao China”.  

· The Chinese government implements a coordinated policy on R & D spanning several sectors including defence production and higher education. China's government launched the 863 and 973 Programmes focusing on basic research and frontier technologies, the Torch Program for high tech industries, the Spark Program for the rural economy, and the 211 and 985 Programmes for higher education.

· China’s 16 character policy ensures synergy between the defence and civilian sectors which are enjoined to work together, thus blurring the lines between the two and enabling the diffusion of dual use technology. It exhorts the “civil” to support the “military”, and for priority to be given to military products. Unlike the Soviet Union in which laboratory advances were confined to military applications, China has avoided cloistering military and civilian technology in separate compartments.  China’s civilian and military sectors actively participate and collaborate to generate R & D advances on a rapidly growing economic base.

This dynamic is captured in the Pentagon military report, which states that China is “emphasizing integration of defense and non-defense sectors to leverage the latest dual-use technologies and the output from China’s expanding science and technology base. Augmented by direct acquisition of foreign weapons and technology, these reforms have enabled China to develop and produce advanced weapon systems such as missiles, fighter aircraft, and warships. Development of innovative dual-use technology and an industrial base that serves both military and civilian needs is among the highest priorities of China’s leadership. China’s defense industry has benefited from integration with China’s rapidly expanding civilian economy and science and technology sector, particularly elements that have access to foreign technology”
.  As a result, in the span of a few years, China has been able to produce high-tech defence equipment, which include military lasers, Electromagnetic Pulse weapons,  ballistic missiles, thermobaric weapons, fuel-air explosives, hypersonic strike vehicles, a range of airborne unmanned  aircraft Unmanned Combat Vehicles including underwater vehicles, electromagnetic weapons, Biotechnical Weapons, Stealth programmes, Supercavitating Underwater Weapons, according to Richard Fisher in “China’s Military Modernisation”.

· China’s large manufacturing base, nearly 50% of  an economy 3 times the size  of India’s - compared to less than 30% for India
, has provided its companies a myriad opportunities for constant process and product innovation.  Moreover, the sheer size of its market contains hidden magnets for capturing advanced foreign technologies. 

Illustrative Strategies to increase R & D content

Aviation

18. The strategies used by China in key manufacturing sectors, with varying success, consist of obtaining robust technology transfers in exchange for market access (aircraft and telecommunications), incorporating offset clauses in aircraft purchases to kick-start aircraft parts production, and concluding joint ventures with aircraft manufacturers
.  China is now building a variety of helicopters, medium jets, key parts of civilian and military aircraft and a medium sized jet – the ARJ21.  China is also developing a larger jet, a 160-seater, which could compete with Boeing and Airbus. During his visit to China (15-18 November, 2009), the WSJ reported that President Barack Obama pledged to promote U.S. safety certification for the ARJ21. A possible beneficiary could be GE, which provides the engine for the ARJ and hopes to outbid other competitors for the larger jet. This demonstrates the synergy between the US and Chinese high-tech industries despite competition.
19. There have reportedly been spin-offs for its military aviation sector in the process. McDonnell Douglas appears to have transferred information, including dual-use technology to China, in effect retooling Shanghai Aviation Industrial Corporation (SAIC)’s factories and providing huge amounts of technical data and training to Chinese workers
. The Cox Committee detailed China National Aero-Technology Import-Export Corporation (CATIC)’s role in acquiring controlled U.S. technology in the aviation sector. The Pentagon report estimates:  “China’s commercial aircraft industry has imported high-precision and technologically advanced machine tools, electronics, and other components that can also be used in the production of military aircraft. However, China’s ability to surge production in the aircraft industry will be limited by its reliance on foreign sourcing for aircraft engines and avionics, as well as the availability of skilled personnel and facilities”. 

Telecommunications/ automotive/ electronics

20. China has robust telecommunications manufacturing capabilities and is today promoting techno-nationalism by proposing its own industry standards. According to Hu and Jefferson, “a central objective of China's government is to ….enable Chinese industry to develop intellectual property that will reverse the flow of rents in favour of Chinese firms”.

21. China abandoned its initial attempt to establish autonomously an indigenous automotive industry and opened up to joint venture production in the late 1990s, liberalising further following WTO entry. Following huge investments by foreign firms, it recently became the largest auto market with several domestic and foreign companies establishing production facilities in China. There may be grounds to believe that Chinese automotive designers are lagging behind their Indian counterparts, with indigenous Indian models (Indica, Nano) reaching market before similar Chinese models, and global OEMs sourcing components from India before they looked at China. Allegations of copycat design have been rife and the German Chancellor Angela Merkel has publicly castigated the Chinese on this issue.  There were media reports that German auto majors were planning to sue Chinese companies showcasing replicas of the BMW and Daimler Chrysler models at the International Automobile Show in Frankfurt in September 2007. This may have spurred Chinese companies to change their acquisition strategies. Taking a leaf out of India’s book, companies like Geely are now acquiring companies like Ford’s Volvo unit and proprietary rights over their technologies. 

22. In electronics and IT hardware, China has progressed ahead of India but still depends on substantial technology imports from advanced countries.

Conclusions & Recommendations

23. China has clearly crossed several milestones in the defence, aircraft, automotive, telecommunications and electronics industries, in the composition of its exports, upgradation of its scientific and academic institutions, capacity to file patents, etc. as detailed above. There have been some shortfalls in the Chinese quest for technological independence, such as China’s low share in patent applications filed in the U.S. and continuing preponderance of foreign-invested enterprises in its high-tech reprocessing trade.  Chinese restrictions on the Internet also do not bode well for the development of an environment encouraging free inquiry.

24. However, its achievements are sufficient to hazard the prediction that China may have succeeded in finding a formula more in conformity with its system, and thus could soon make the transition to major S & T power status.  It will do this because it has gone beyond quantitative targets and structured mutually beneficial  relationships between Government, academia, and industry – thus strengthening incentives-cum-delivery mechanisms and ensuring concrete outcomes. In the process China has not shied away from introducing market incentives into these equations wherever appropriate.

25. Where does a rising China with formidable S & T capabilities leave India? What lessons can India learn from the strategies that China has followed?

26. First of all, everyone agrees that India should pursue technological upgradation for its own sake.  For this, we should have a clear idea of our assets and liabilities. On the positive side is a growing economy, operational transparency, realisation at policy levels of India’s requirements and priorities, advantages over China in some sectors like the automotive, pharmaceuticals and software industries, progress in higher education, reforms in defence procurement rules, etc. On the negative, the bureaucratization of research endeavour and its unsuccessful penetration of productive processes has contributed to the disjoint between policy and implementation.  Anomalies abound in India expending huge resources in sending its students for higher education abroad, and buying key defence items abroad.  This is linked to the smaller size of and weaknesses in its domestic manufacturing sector, including the defence production sector and its relatively low R & D content (India’s exports also have lower technology content than China’s), as well as to deficits in the higher education system. Dipankar Gupta
 has a heartbreaking story to tell of the situation at the lower levels of the labour pyramid as a direct result of these anomalies. There are therefore clearly many measures that are required in order to upgrade the technological capacity of the Indian economy. These have to be broad-based and span multiple sectors. Recommendations in my earlier paper “Can India Overtake China?” written in 2001, on economic reforms therefore remain valid. 
27. One important lesson from China (and other examples for that matter - South Korea, Germany and even the United States) is that reform should lead to the creation of mechanisms/ systems that deliver clear end results - by binding the scientific, academic, business (including defence production) and government sectors in mutually beneficial alliances. This would involve greater reliance on market incentives and also increased governmental outlays, with strong regulatory frameworks to prevent mere profiteering at the expense of quality.
28. Riding on the back of the economic boom, India should deepen industrialization and “disinvestment”; use defence offsets to more strongly leverage technology transfers, as India’s defence offset policy has the potential to kickstart a high-technology manufacturing boom which includes the private sector, and massively expand and reform the education sector, while maintaining quality and expanding outlays on primary, vocational education and health.

29. Reforms in higher education can lead to multiple virtuous cycles and spin-offs for research, science and technology as well as other fields.  India should give greater autonomy to institutions of higher learning, as China has done, adapt the Chinese Academy of Sciences model, especially its potential for commercial high-tech spinoffs, expand private and public funded Universities, especially in science and technology, internationalise higher education, attracting more foreign students and realising the foreign exchange potential of the higher education sector and allowing prestigious foreign Universities to establish campuses in India and tap novel funding sources – such as defence offset funds or the proceeds of disinvestment to create world class Universities. It should massively upgrade skills at the vocational level, while modelling it on the German example, which has a multi-tiered educational system with the Universities of Applied Sciences and other Universities at the apex; and initiate debate on considering legal innovations like the American inheritance tax laws, which encourage generous endowments for academic institutions.

30. Fortunately, the realization of the importance of R &D for national rejuvenation is widespread in political, administrative, defence forces and industry circles. The policy framework is in place, further reforms are being contemplated and progress is likely to be achieved given the consensus on these issues. The 2010 Budget has increased allocations in all the areas pertinent to improving the national competitive advantage – R & D, education, health and inclusive growth. The President’s address to Parliament on February 22, 2010 states that “A National Council for Higher Education and Research will soon be established …to regulate higher education and research in India” and that the participation of globally renowned academic institutions and providers in our higher education and vocational training and skill development sectors is being contemplated. Improvements in the defence offset and production sector are under active consideration.

31. This is the time to embark on a mission to channel the nation’s energies to improve the R & D content of the Indian economy, which has to be a holistic exercise encompassing multiple sectors. We started our economic reforms 13 years after China launched its. We should not allow a similar gap to develop before we launch an all out systemic drive to close the technological gap between us and the advanced economies.

Saturday, 27 February 2010.
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 Kirit Vaidya, David Bennett, Xiaming Liu in “Is China's manufacturing sector becoming more high-tech?: Evidence on shifts in comparative advantage, 1987-2005” – also reiterate that China has acquired capabilities in sectors like office machines and electric machinery, high-tech telecommunications and automatic data processing equipment sectors through international technology transfer and learning.

 Brandt, Rawski and Sutton
 have brilliantly summarized a strategy based on “steep output increases, advances in low-cost production with no control over core technologies, leading to big investments in new plants and in R&D intended to push Chinese firms into the ranks of advanced international producers (e.g., Tang, 2006)”.

 Similarly “Ongoing domestic reform facilitates deepening engagement with global markets, and therefore promotes continued upgrading and capability-building among Chinese manufacturers. New legal provisions encourage… Increased control over China-based facilities” which “encourages overseas firms to expand the range of technologies and products transferred to their Chinese operations. It also accelerates their participation in China-based research and design activities, a trend already encouraged by the expanding supply of well-trained and modestly priced Chinese university graduates”. 


 .  Thus, in a study on India’s Outward Foreign Direct Investments in Steel Industry in a Chinese Comparative Perspective by Nagesh Kumar and Alka Chadha, January 2009, the authors conclude that “Indian enterprises active abroad are typically privately managed enterprises seeking to globalize their operations compared to much larger state owned enterprises in China going abroad to secure their natural resource supplies, although there are many exceptions to this general pattern”. Thus in the “steel industry, where the leading Indian enterprises have undertaken Greenfield investments as well acquisitions of established global firms in the western world to acquire global footprints, Chinese enterprises in the industry have focused their outward investments primarily to raw material seeking activities. A part of the reason could be resulting from their different ownership patterns. The Chinese enterprises being state owned ones may be directed by the state to work for long term natural resource security of the country (just as Indian state owned oil company ONGC, does). The Indian privately managed firms may be driven by the ambition of managers to evolve into global enterprises to put their accumulated managerial expertise in the industry and their access to low cost primary production base to good use”.
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