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The Meiji Restoration: The Dawn of Industrialization

1.1 The Reform paved the way for Industrialization

The Meiji Restoration in 1867 was one of the turning points in the history of Japan. The Restoration deprived feudal lords of their political powers, paved the way for industrial development under capitalist rules, and triggered the integration process of the previously  isolated Japanese economy into international trade networks
.

The newly created Meiji Government, led by young and passionate ex-lower- samurai-class officials, laid down wide range of reforms in a fairly intensive manner. The reforms included,

The Abolition of the Feudal Class System
 created higher mobility in society in general. Especially important in the context of industrialization, it released millions of unproductive samurai for business, official and other productive occupations. It also mobilized farmers to work in newly emerged factories and services, mostly located in metropolitan or urban areas. In principle, everybody was free to choose his/her occupation.

The Abolition of the Feudal Trade Restrictions
 helped to create a truely "national" market and stimulated entrepreneur-ship among people. 

Land Tax Reform and the introduction of a new national currency, the yen: the former created a nation-wide tax system and assured the new government's revenue, and both accelerated the nation-wide circulation of money.

1.2 Infrastructure Development

Together with these reforms, the Government gradually developed various elements of an infrastructure for national development. A Nation-wide postal/telegram network was established, and a series of civil engineering works was started to expand land transport and water supply networks. In the late 1890's, national railway construction was started. In 1870 the Ministry of Engineering was created to manage these infrastructure development programs.

Invisible infrastructures were also arranged. A patent regulation was issued in 1885, and a unified metric system was introduced in 1891
.

1.3 Government Industrial Investment and Its Divestiture

Although extensive small-scale manual production already existed in traditional industries such as textiles, metal working and wood processing before the Restoration, the Meiji Government took initiatives towards industrialization by investing directly in some strategic sectors of manufacturing with the slogan "Shokusan Kogyo"
. The Ministry of Engineering was in charge of these investments. It established government-owned factories in several sectors such as shipbuilding, steel, paper, chemicals and modernized fiber spinning, to demonstrate modern technology imported from abroad.

It must be noted that most factories were sold to the private sector during the 1880s, with several exceptions in military production facilities, because of the fiscal crisis that resulted from civil wars in Japan. As this divestiture was associated with the transfer of technological resources from the public sector to the private sector, it offered private business opportunities to transform commercial capital into industrial capital, and helped to form the Zaibatsu groups as a result. 

In textiles , which had been the mainstay industry in Japan until World War II
, although the government's activities were limited mainly to technological support for quality improvement and control, the operations of government spinning factories had a substantial demonstration effect on private activity in the sector. It stimulated the adoption of modern technology with some modifications to fit the Japanese environment
.

With the divestiture of government-run factories, the Ministry of Engineering was abolished in 1890. The Ministry of the Interior performed general supportive functions for industry until 1890, and the then-formed Ministry of Agriculture and Commerce took over the role afterwards.

1.4 Foreign Experts and the Education System

During the first few decades after the Restoration, the government invited thousands of foreign educators, engineers and other experts to provide assistance in managing the government-led civil works, and in running government-owned factories and educational institutions
. The Ministry of Engineering allocated about 42% of its total budget to salaries for foreign experts from 1870 to 1885. This shows the strong eagerness of the new government to obtain western invented modern technologies. But on the other hand, the cost to the national budget of these high salaries forced the eventual substitution of Japanese nationals for foreign experts. This had almost been achieved by 1890s.

The government started compulsory education in 1872. Modern-style school facilities were constructed and newly trained teachers were sent to all corners of the country. The enrolment rate had reached almost 50% in 1890 and more than 80% in 1900. The Ministry of Engineering established schools for engineering, telecommunications, iron and steel making, and handicrafts. The government sent a number of young talents overseas for study.

All the engineers and technicians educated through these programs worked in government-owned factories and in educational and training institutions, gradually replacing foreign experts.

Later most industrial training schools were transferred to the Ministry of Education. The focus of education shifted to more general and higher-level disciplines. The investment in technological resources, including in the educational system, was heavily oriented to practical engineering. University education also put emphasis on engineering rather than on science. Government research institutions were oriented to providing technical services for enterprises as well. This emphasis on engineering was a natural choice for a latecomer to industrialization and was maintained after the Second World War.

1.5 The International Trade Regime

After more than two hundred years of isolation from international trade, Japan re-appeared in international trade arena, through the almost peaceful conclusion of a trade treaty with the United States in 1858
. Similar treaties with other trading powers followed it in successive years. As a result of these treaties, Yokohama, Kobe and a few more ports were opened. 

Up until around 1900, industrial development took place under an almost neutral trade regime
. This was not necessarily desired by the Japanese government. It was not allowed to have independent authority over the formulation of tariffs until 1899. Until that year, tariff rates, which had been bound by an international treaty, were 5% or less. Export was also taxed to a similar extent. Quantitative restrictions played no role until 1931.

The growth of ocean fleets played an important role in the expansion of trade. The total tonnage of Japanese ocean fleets was 23,000 in 1872. It jumped to 3.05 million in 1920 and increased to 6.4 million in 1941, which was the third largest in the world only after the UK and US.

1.6 Foreign Direct Investment

Before the Restoration, a few foreign trading companies had some stakes in mining sectors
. These foreign stakes were purchased back by the new government. Foreign firms resumed direct investment in Japan only after 1899. Most foreign investments were joint ventures, and mostly in technology-intensive sectors such as electrical machinery and automobiles, established through the initiatives of Japanese enterprises that encountered demand from foreign enterprises for equity participation in exchanges of technology and equipment
. 

 The Series of Wars and their Impact on Industries

2.1 Heavy Industries supported by Military Concerns

Through wars fought with China (1894-1895) and Russia (1904-1905), industries such as shipbuilding, steam shipping, and even railway transportation got strong government support for military considerations. These industries expanded their production and geographical scope of services. Although specially military production sectors successfully achieved a world-class technical standard
, their material and equipment base was not stable. Among others, steel production had been regarded as having prime importance as a basis for all heavy industries and military production. In 1901, the national steel mill at Yahata started operations with the support of the military. Japanese colonial expansion into northeastern China (Manchuria), Korea and Taiwan
 assured the supply of raw materials to those heavy industries
.

During the First World War Japanese Imperial Forces showed a keen interest in automobiles and airplanes, which played impressive roles on the European battlefields. Backed by the military, automobile and aircraft industries emerged as new industries, yet it took another twenty years for full take-off
.

2.2 WWI urged Self Sufficiency in Strategic Commodities

Until the first decade of this century, the Japanese economy was involved in international trade networks to a substantial extent, but the outbreak of the First World War gave a shock to Japan. There was a sudden supply-cut or shortage of many commodities which were essential to support industrial production and daily life in Japan. Both industry and the Government learned a lesson from this experience. 

In reaction to the situation, the Government launched a series of industrial policies to assure the domestic supply of these threatened strategic commodities. These included machine tools, medicine, dyes, fertilizers, soda and foodstuffs. The Government set legal frameworks to get authorization for adopting sector-specific direct support to industries by means of R&D subsidies, special tax exemptions and so on
. Several national research laboratories were came into existence to promote the development of indigenous technology resources
. The formulation of national industrial standards was started in 1921.

After Japan regained authority over tariff formulation in 1899, it raised tariffs gradually to increase revenues and to protect domestic industry. During the post-war global trend towards protectionism, tariffs were raised again and again, with a stronger emphasis on protection through tariff escalation. The average tariffs (arithmetic average) were 4% (1893), 20% (1913), 11% (1924) and 30% (1938)
.

Reflecting the increasing importance of industrial policy, the role of the Ministry of Agriculture and Commerce was expanded and a new independent ministry, the Ministry of Commerce and Industry (MCI, the direct precursor of the current MITI) was formed in 1925. A variety of government / industry interaction mechanism such as advisory councils to the Minister
, subsidy schemes and preferential tax relief for business
 was introduced around the same time.

2.3 The Depression and the Move toward Protectionism

The Great Depression drove major nations to adopt protectionist policies and divided the globe into a few economic blocs. The Japanese economy was also affected and suffered from serious depressions. In addition to these economic problems, Japanese colonial expansion was creating military tension in northeast China, and this forced Japan into further military buildup.

In 1930, the Bureau for Rationalization of Industry was created in the Ministry of Commerce and Industry and a "Buy Japanese" policy was announced. Direct trade restrictions were also introduced in 1931. 

2.4 The War-Time Mobilization

In the 1930s, many highly regulatory laws were enacted
. Among others, the Strategic Industries Control Act of 1931 and the National Mobilization Act of 1938 empowered the government to intervene directly in production and distribution. In order to exert power systematically, almost all industrial entities were organized into a nation-wide hierarchy. Private companies cooperated and were expected to operate under the umbrella of sector-wide industrial associations, which worked as a single point of contact with the government authorities.

During the War, the major operations of the MCI were given to other ministries, mainly the new Ministry of Munitions, which concentrated on allocating resources to the production of airplanes, ammunitions and other war materials. The government bureaucracy gained experience in how to manage and control the whole national economy and devised diverse methods of implementing industrial policies. The cooperative and intimate relation between bureaucracy and private industry was formed and strengthened as a result.

3.
Post-War Reconstruction

3.1 War Damages

The war cost Japan dearly. Two million of people died during the War. In economic terms, the total damage to industry, housing and other social assets was estimated to be 100 billion yen, equivalent to 28 percent of the national wealth of Japan in 1935
. Part of the losses was caused by bombing, and part of them was caused by industrial and civil assets being dismantled for conversion to military usage. The production of consumer goods had fallen to 30% of the prewar levels and producer goods were as low as 10%.

3.2 The Economic Reforms under the US Occupation

Immediately after the Japanese surrender, the US military was sent to demilitarize Japan. The initial occupation policy of the United States was said to have been complete demilitarization, including the destruction of all the potential for military production
. But the beginning of the Cold War affected the political role of far-east countries. The birth of the Peoples Republic of China (1949) and the outbreak of the Korea War (1950) finally changed the US Policy towards Asia
, and narrowed the planned scope of reparations against Japan.

The reforms of the Japanese economic system however were carried out as planned. The reforms included

Dissolving the 15 Zaibatsus, including Mitsui and Mitsubishi, which had dominated various industrial fields in the prewar Japanese economy. 

Farm-land ownership reform: Almost all tenant farming land was purchased by the government and sold back to the former tenant farmers. 

Labor reform: The condition of the working class were improved by the enactment of the Labor Union Law, the Labor Relation Adjustment Law and the Labor Conditions Law.

3.3 Reconstruction and Rationalization

During the few years of chaos after the War, priority was given to the reconstruction of key industries such as coal, iron and steel and fertilizers. The Government allocated the limited resources to these sectors and subsidized them to sustain their production level
.

Professor Dodge's strict financial policy successfully brought hyperinflation under control, and the outbreak of the Korean War offered a windfall business opportunity to Japanese industry. 

The Ministry of Commerce and Industry was reorganized into the Ministry of International Trade and Industry (MITI) in 1949. The Enterprise Rationalization Act in 1952 promoted domestic technological modernization, setting up preferential depreciation system for important equipment for key industries. Government banks to promote industrial development, including Japan Development Bank (JDB), the Japan Export and Import Bank (EXIM) and the Small and Medium-sized Enterprises Finance Corporation, were established in the first half of the 1950s. 

3.4 Temporary Protection under FOREX Control Regime

In 1951, the Foreign Exchange(FOREX) Control Law was legislated. It provided an assurance of payment to foreign exporters and thus laid down the basis for post-war technology imports. On the other hand, quantitative restrictions administered through the foreign exchange control system played a major role in the 1950's. In 1955, only 16 percent of foreign exchange was allocated on an automatic basis. In some cases, government intervention saved payments
.

Since technology importation was closely associated with investment, especially in the 1950s, the regulation of technology imports also affected the allocation of investment resources. The regulation gave priority to industries with high potential for foreign exchange earnings, and suppressed the demand for consumer goods. Therefore, the regulation tilted the investment pattern toward the trade sector, especially toward basic industries.

4. 
Trade Liberalization and the High Economic Growth

4.1 The Liberalization and Its Implication Policy

In the field of trade, Japan joined GATT in 1955. In 1960, when the rate of liberalization was still low at approximately 40 percent, the government declared the "Foreign Exchange and Trade Liberalization Plan". By 1964, the rate of liberalization had reached 93 percent. In that year, Japan became an Article VIII nation in the IMF
 and also joined OECD. The first step to capital liberalization was taken in 1967, and liberalization was almost completed by 1973.

During this period of transition, the primary task of the nation was to strengthen industry's international competitiveness in order to overcome balance of payment constraints on economic growth. 

As far as policy measures are concerned, transition to an open economy also meant a transition from direct and regulatory measures to indicative and indirect ones. Under such circumstances, a long-term vision for industrial structure was elaborated on the basis of a thorough study of the present and future state of Japanese industry. 

This vision was finalized in 1963 after three years of discussion
. In the vision, two criteria for an optimum industrial structure were introduced: (1) "Income Elasticity Criteria" on the demand aspect; and (2) "Productivity Increase Rate Criteria" focusing on the supply side. Applying these criteria, the path of heavy and chemical industries was chosen as the most desirable. The vision and the declared liberalization "road map" had played an important role in urging industry and letting them prepare for the coming years of free competition in an international market.

4.3 The Growth of Heavy Industry

Production and investment by manufacturing companies continued to grow. The successful achievement of the challenging "Income Doubling Plan" declared by the Government led by Prime Minister Hayato Ikeda in 1960 was symbolic in the period of high economic growth. Per capita GNP of US$378 in 1960 had jumped to US$1,515 in 1970. Japanese industrial structure changed rapidly. The share of primary industries in GNP was 22.7 % in 1955. It had dropped to 13.5% in 1961. The share of secondary industries increased from 28.9% to 37.1%.

In the manufacturing sector, the share of "light" industry declined. The share of heavy and chemical industries grew from 66% in 1960 to 72% in 1970. The growth of heavy industries was lead by fixed capital investment and exports. The average yearly growth rate of exports was 16% during the same period. The share of heavy and chemical industries exports to total exports increased from 54% in 1960 to 80% in 1970. In terms of peoples' daily lives, income levels continued to grow and consumer durable goods such as televisions, electric refrigerators and cars became widely owned, which created a mass consumption society in Japan. Consumption per capita grew by around 70% in the 1960s. In 1968, Japanese GNP became the second largest outside the Soviet block.

4.4 Declining Industries and the Positive Adjustment

Even in the period of high growth, some manufacturing sectors lost international competitiveness and were forced to reduce employment and in the worst cases some disappeared from the scene. Under these circumstances, excess labor was basically absorbed by growing sectors. Although the government took various measures when serious regional and social problems were anticipated, it never resorted to direct trade-restrictive measures which tend to freeze unproductive labor in declining sector. The resulting dynamic reallocation of labor among industries has been regarded as one of success factors in the Japanese growth experience.

The coal mining industry experienced a drastic decline both in terms of production and employment. Production dropped to less than 20 million tons in the late 1970s, roughly one-third of its prior peak figure of 55 million tons recorded in 1961. The number of employees decreased from 200,000 to 20,000, i.e. to one-tenth of the original figure during the same period. In 1955, the government passed special law
 to ensure smooth industrial conversion. It included: (1) providing an information service to the unemployed through the public employment service office; (2) providing incentives to attract business to start-up in the affected region; (3) direct unemployment relief projects; (4) financial support to local government in the coal mining area.

The textile industry was an another example. The number of employees in the industry decreased from 1.33 million in 1964 to 0.85 million in 1979 roughly one-third less than the peak figure, due to rapid expansion in production in newly industrialized economies. Despite the serious social problems, Japan has faithfully observed the principle of a commitment to free trade and refrained from protectionist measures, unlike other high labor-cost countries
.

The "Dollar Crisis" , "Oil Crisis" and their Aftermath
5.1 The Changing Global Economic Environment

President Richard Nixon announced that US Dollars could no longer be converted to gold in 1971. This was followed by the moves towards a floating system for major currencies in successive years. The yen appreciated more than 20% from the fixed rate of 360 yen to the US dollar set forth a quarter century before. On the other hand, the devaluation of the US Dollar pushed oil-exporting countries to raise oil prices as compensation for their devalued US dollar income. This finally caused the "Oil Crisis" in 1973, coupled with growing nationalism over economic rights and politico-military tensions in the Middle East.

The appreciation of the Yen and the price hike of oil had a huge impact on the Japanese economy, whose energy base had been heavily dependent on imported oil and whose income had been heavily dependent on exports. In the short term, it caused hyperinflation and depression. In the long run, more importantly in the context of industrial development, it necessitated urgent structural adjustment to a new resource price environment. The two crises had totally changed the "rules of the game" in international competition among industries.

5.2 The Shift to an Energy Efficient Structure

From oil crisis onward, all industry aggressively adopted energy saving technologies. In particular, energy-intensive industries, such as steel, non-ferrous metals, petrochemicals, cement and glass plate making, explored alternative energy-efficient processes as much as possible. Due to all these efforts, unit energy consumption of Japanese industries has improved significantly. However aluminum smelters were forced to close their domestic operations, which were transferred abroad. Several other industries were also forced to reduce their domestic production and moved out of the country, but to a lesser extent than aluminum amelters.

The Government offered tax and other incentive schemes to accelerate this transition process on the user side, but it invested more resources on the supply side
. MITI decided to accelerate nuclear power development, as a long term alternative to oil, and launched the "Sunshine Project" in 1975 for the development of solar, geothermal, wind and other renewable energy production, as another longer-term alternative. The major part of the funds for these projects was raised by taxation on oil and electricity consumption. The New Energy Development Organization (NEDO) was created as the technological arm of MITI in this area in 1980.

Since the oil crisis, industrial structure has changed drastically. The change in leading industries shown in table x clearly shows the nature of the change. The ten sectors below average in the right column (1973-1981) consumed 82 percent of total manufacturing industry energy consumption. On the other hand, the five sectors above average in the right column employed 70 percent of the research and development workforce. 

This change corresponds to the new criteria which were stated in MITI's Policy Vision for the 1970s. MITI announced two additional criteria, (1) Lower Energy/Resource Intensity Criteria and (2) Higher Knowledge Intensity Criteria in the Vision, in addition to the two criteria declared in the earlier policy vision.

6. The U.S. - Japan High Tech Trade
6.1 Japan Threatened the U.S. High Tech Suprmacy

In the middle of the 1980s, the U.S. ran a deficit with Japan in trade for high-tech products. Japan's share of the world semiconductor market surpassed that of the United States for the first time in 1986. and in the fall of that year, the U.S. and Japan signed the Semiconductor Trade Agreement (revised in August 1991). Japan had thus come to threaten the status of the United States not only in the fields of steel and automobiles but now high-tech as well. One committee report compared the Japanese challenge to the "Sputnik shock" and described Japan as a "quiet threat" gradually getting closer. In the Oval Office, the Department of Defense, the Department of Commerce, academia, and the industrial community, a sense of crisis began to spread over the decline in U.S. competitiveness. A large number of committees and task forces were set up to analyze the causes underlying the situation and explore potential measures to counter them. The Young Committee, organized to advise the President, was typical of these bodies, and its proposals were ultimately incorporated into the Omnibus Trade and Competitiveness Act of 1988 and other legislation.

6.2 A Shift to Fundamental Rsearch

Meanwhile, the United States criticized the Japanese as hitching a "free ride" since the U.S. saw Japan's competitiveness as based on specialization in inexpensive applied research. According to this view, Japan's plan of attack was to pick up ideas at no cost from among the findings of fundamental research in the public domain, commercialize these, and then hasten them onto the trade market. The Japanese, for their part, felt it a mistake to underestimate the importance of commercialization, which also required a substantial amount of investment and creativity, even while Japan's investment in fundamental research was undoubtedly inadequate. In the middle of the 1980s, Japan's outlays for fundamental research amounted to U.S.$4.4 billion and accounted for 13% of the nation's total investment in research and development. 

It was in this context that a "shift to fundamental research" became the new paradigm for Japan's technology policy. MITI has adopted a stance of emphasizing fundamental research in allocating funds from its research budget among the 17 national research laboratories under the aegis of the Agency of Industrial Science and Technology AIST. The same stance is being taken in national projects furthered in the main by corporate consignees. 

6.3 Equal Access

Foreign pressure has also taken the form of demands for equal and reciprocal access with respect to science and technology information. The United States cited MITI's research and development program in the course of the industrial policy dialogue, which began between the U.S. and the Ministry from 1985, criticizing it as a targeting policy with a distorting impact on trade. The argument over alleged trade subsidies, which had been debated with respect to agricultural products and aircraft, was thus now being applied to technology policy as well. In the early 1980s MITI announced its "Three Principles on High Technology" under which it committed itself to ensuring foreign companies an opportunity to participate in the research and development programs of the Japanese government. The U.S.-Japan Science and Technology Cooperation Agreement, amended in 1987, also required Japan at all times to ensure opportunities for foreign companies and researchers to participate in the government's technology programs. 

The U.S. government also began a number of programs aimed at improving access to Japanese technology. Examples include the panel on Japanese Technology (JTEC) set up at the Commerce Department and legislation to promote translations of Japanese technical literature. 

Most important of all, however, was the fact that U.S. industry became much more interested in seriously learning the factors underlying the strength of Japan's manufacturing industry. The "Made in America" team organized at the Massachusetts Institute of Technology (MIT) began studying the production technology of Japanese industry extensively. 

New Faces of Technology Program

7.1 Human Frontier Science Program

In the latter half of the 1980s, the two policy lines, a shift of policy rationale bore fruit in a number of spheres. 

One of these was the Human Frontier Science Program (HSFP) proposed by then Prime Minister Nakasone Yasuhiro at the Venice summit. In the middle of the 1980s, then President Ronald Reagan announced the Strategic Defense Initiatives(SDI), while the European Research Coordination Action (EUREKA) program got started in Europe. Answering these major technical initiatives of the West, the HFSP was drafted as a plan to demonstrate in concrete terms Japan's new policy lines of emphasis on fundamentals and internationalization. Initially, Western governments and scientists were skeptical about Japan's resolve, but as the plan was fleshed out, it was gradually understood that the nation was indeed committed to these goals
. Presently the plan has become an established system supporting researchers in such fields as brain functioning and molecular biology. 

7.2 Real World Computing Program

The second benefit of Japan's new policy was the "Real World Computing Program" (RWCP) launched in 1992 to follow up the Fifth Generation Computer Program. 

This program took a further step toward internationalization in the Japanese government's project-based research and development program. MITI called for the participation of as many foreign companies and research institutions in the program as possible. German, Swedish, Dutch, and Singapore organizations were ultimately included in the consortium which emerged as the body to further the research and development efforts. 

The United States, on the other hand, initially took a very cautious posture with respect to MITI's calls for participation in the RWCP. In the end, however, the U.S. government opted to utilize the program as a channel through which U.S. researchers might be exposed to Japan's advanced prototyping abilities in the field of optoelectronics. Ultimately, a mechanism known as the "Joint Optoelectronic Program" was created, which resulted in a gallium arsenide (GaAs) version of MOS Implementation Services(MOSIS), now indispensable for university researchers in prototype manufacturing of integrated silicon circuits. This program is currently receiving support from MCC (Microelectronics and Computer Technology Cooperation), and the scope of participants is gradually widening. 

7.3 The IMS Program

The "Intelligent Manufacturing System" (IMS) was also launched as a multilaterally sponsored joint research program. The IMS is a research and development project searching for next-generation manufacturing technology. Since it focuses on a research field directly related to industrial competitiveness, it has proved extremely difficult merely to work out a framework for the joint development. However, following long multilateral consultations, a framework for collaboration was successfully worked out involving six countries and regions, including the United States, the EU, Canada, Australia, Switzerland, and Japan. 

8. The New Paradigm in the 1990s

8.1 Sustainable Development

A new paradigm for technology policy which has arisen since the 1990s is that the goal of technology policy is now discussed in the context of "sustainable development of society and the economy," which is a common issue of mankind. This is by no means a new issue, but the heightened awareness of global environmental problems has greatly boosted its urgency and importance. The Vienna Convention for the Protection of the Ozone Layer (1985), the Montreal Protocol (1987), Framework Convention on Climate Change (1992) and Convention on Biological Diversity (1992), all have had tremendous impact on the technology policies of the world's nations, including Japan. 

Issues such as equal access and R&D subsidies, which had arisen repeatedly in the 1980s, took the issue of "fairness" as the central value in international industrial competition. In contrast, international debate over the issues of the ozone layer, climate change and the safety of chemicals revolved around the central value of a global "common asset". 

8.2 Two COEs in Environmental R&D: RITE and ICETT

In terms of technology policy, this paradigm shift has borne fruit in the form of a series of programs for technology development and technology transfer programs aimed at protecting the environment. In 1990, MITI established the Research Institute of Innovative Technology for the Earth (RITE) with broad support from the business community, and went on to found the International Center for Environmental Technology Transfer (ICETT). The RITE is situated in the Keihan'na Science City, a region in Western Japan where a number of research institutes are concentrated. With financial support from MITI and participation of scientists from the business/research community, the Institute is pursuing a broad range of study, research, and technical development in meteorological and oceanographic survey, biochemical carbon dioxide cycle modeling, developing alternative CFCs and biodegradable plastics. 

The ICETT, on the other hand, was established in the city of Yokkaiichi, a petrochemical complex formerly known as a polluted region. In the course of rapid industrial development, Japan's principal industrial cities through the 1960s had to cope with extremely severe air pollution. As a result of subsequent efforts, however, the industries here are among the worlds cleanest, as measured by the basic unit of pollutants emitted. Hopes are that the ICETT, pursuing compatibility between development and the environment, will serve as a center of excellence in transferring Japan's know-how regarding common problems facing the nations of the world, and in particular, developing countries on the path toward industrialization. 

The Government S&T Spending

9.1 The Science and Technology Act.

The Japanese government has long intoned the slogan of building a technology-based nation("Gijutsu - Rikkoku"). However, an analysis of the share of the Government's appropriations for science and technology since the early 1980s leads one to doubt that the government has in fact pursued this policy objective with much vigor.

For more than twenty years after oil crisis, Japanese government adopted "minus ceiling" for national budgeting in order to reduce its huge fiscal deficits, Under this guideline, every executive branch of the government is not allowed to request new budget proposals, which exceed 85 to 95 percent of the previous year budget amount
, irrespective to ministries and with very few exceptions. Although social insurance payment and other indiscretional items were waived from the reduction, government R&D budget has also been controlled under the guideline. This has caused a sharp decline or stagnation of government funded R&D, which included funding to national universities as well, and has rebounded upwards only recent. The strong contrast can be observed between government and private R&D expenditures during last two decade. The table below, shows sector-wise break down of R&D expenditure after 1980's. In MITI's science and technology budget, the only substantial growth through early 1990s was in the special account budget funded by oil tax imposed on oil consumption. The Japan Key Technology Center (JKTC) 
, which was founded in the middle of the 1980s, obtains funds from NTT dividend income. Two years after JKTC, NEDO
 was reorganized, but additional budget comes only from oil tax. National laboratories and national university laboratories, which have relied on the general account for the bulk of their funding, have continued to suffer under minus ceiling budgets. Plans to cut the total number of persons on the government payroll, which were implemented prior to the adoption of the minus ceiling, have brought about a reduction in research assistants at laboratories and universities. This has also been a factor in worsening the research environments.

9.2 Science and Technology Act 

The Science and Technology Basic Law, which entered force in 1996, lent the political momentum necessary to change this rigid situation. The science and technology budget formulated in the year after the law entered force was 12.4% higher than that of the preceding year. As a result, even though the research and development budget for the whole of Japan stagnated in the first half of the 1990s, government spending for research and development has been growing by more than 10% annually since 1996. Under the Japanese political system, a large number of bills are submitted to the Diet after having been drafted by the Cabinet, Japan's executive branch of government. The Science and Technology Basic Law, however, is exceptional in that it was submitted at the initiative of a Diet member. The passage of the law therefore testifies to the Diet's commitment to science and technology, and the law's passage has so far had a significant impact. 

9.3 Is it really up-turning?

Ironically, the long-standing slump in the economy has helped to further the growth of the science and technology budget. Additions for science and technology have been included in the supplementary mid-year budget, which is now considered the norm. It is safe to say that the research facilities at national laboratories, which had fallen a substantial degree into obsolescence, have been considerably improved by the economy-boosting measures taken over the past few years. 

Other beneficial developments in this regard have also been observed over the past few years. According to a narrowly construed Keynesian policy, economic measures in the past focused almost exclusively on the budget to improve traditional social infrastructure, primarily public works. Although research facilities were also subject to such measures, research and development outlays themselves were not. However, MITI continually advocated the inclusion of R&D investment within the category of social capital. Gradually, the concept of "new social capital" began to be accepted throughout the government as a whole. 

10. Structural Reforms Needed

10.1 Japan's Long Recession and the U.S. Boom

With Japan mired in a long recession following the collapse of the economic "bubble" even as the United States economy booms, the tables of optimism and pessimism have, it seems, been completely turned. Findings from an analysis of the strength of Japan's manufacturing industry in the 1980s were universalized in the form of the "business reengineering" concept, which has reinvigorated the production process in U.S. manufacturing over the past 10 years. The emergence of superstars such as Microsoft and Netscape has also led to the assessment that U.S. industry has been reborn. 

The long-standing boom in the U.S. economy, which has now given rise to the "New Economy" doctrine, is indeed the "peace dividend" following from the end of the Cold War. The dramatic cuts in the U.S. defense budget has freed talented scientists formerly tied up in defense research, while vast amounts of advanced technologies formerly hidden behind the wall of defense secrecy have now been released for application in the many fields of industry. In the opinion of this writer, these factors constitute the fundamental motive force supporting the development of the U.S. economy today. 

At the same time, the flexibility of the economy and society in the United States has without a doubt facilitated the commercialization of new technologies. Formerly, much envy focused on the low capitalization cost in Japan during the 1980s. Even today, Japan remains a nation with the world's biggest savings, while the United States is the world's biggest importer of capital. However, few voices express envy of Japan these days. Rather, the immaturity of the Japanese financial market is now a general assumption worldwide. This is true not only of financial markets. It is now generally recognized that the introduction of competitiveness in Japan's service sector such as the transport and energy sectors, which have been spared the pressure of competition, is the key to rectifying high costs in the manufacturing industries. In this context, deregulation is now considered the pressing new issue for the Japanese economy in the 1990s. 

10.2
Interactions between Academia and Business

One of the rationales behind these government policy arrangements is to enhance interactions between industry and academia. In another words, it is intended to encourage the interaction between science and technology
. 

It is widely recognized that new ideas of Japanese industrial technology come mostly from industry's own in-house research and less from academic research in universities. This fact is clearly illustrated by employing "Science Linkage Index" analysis for industrial patents. Next table shows this by sector. Though there is a difference among sectors, e.g. fewer interaction in automobile industry and bigger interactions in electronics / telecommunication industry, index shows fewer interactions in Japan irrespective to sectors. It is quite suggestive that even in a leading-edge technology of semiconductors, most of new ideas are still born in industry in Japan. This can be evidenced by the composition of authors who presented papers to the highly esteemed IEEE International Solid State Circuits Conference (ISSCC, it is known as "Olympic of semiconductor technology")
.

10.3
Interactions with Foreign Research Community

Another channel of interactions seems equally important as well. Namely, more interactions with foreign research community are required to stimulate Japanese domestic R&D activities.

In spite of the frequently cited policy slogans for "Internationalization", Japanese R&D community is still not open enough to foreign scientists and engineers (S&Es). Although no statistics is available, very few foreigners are working in government / private laboratories in Japan. In the United States, one forth of total S&Es are foreign-born and twelve percents of those are foreign citizens
. Ten percent of R&D workforce in Singapore and few percent of those in Chinese Taipei are foreigners
. Equivalent figures of Japan may be less than one percent. 

Major reasons for this situation should be the lack of personnel mobility in Japanese R&D community, amongst other factors like language, high cost of living, etc. This "closeness" was once pointed out as "intended brocade" against foreign access to Japanese technology, in trade talks with US. But more important implications of this might be possible negative effects to the creativity of its own R&D community in the long run.

Situation seems to be getting better at university campus. After the announcement of "A Hundred Thousands Foreign Students Program"
, which was committed in 1983 by then Prime Minister Yasuhiro Nakasone, number of foreign students who come to study in Japan has been increasing, even has reached to seventy thousands in 1995. Also increasing number of foreign faculty members are teaching and doing research at university campus, but still low in international comparison. 

The merits of international interactions are cross-fertilization for both and higher transparencies for neighbors. Many cases in history, from the Renaissance time Europe to Post World War II United State, tell the fact that highly heterogeneous society is only able to become the center of innovations and can achieve the higher performance in science. 

The practice of life-long employment, which underlies the situation above, has long been considered as impetus for better performance in Japan. But it is the time to reconsider another side effect of the practice, especially in highly creative workplaces. In this context, anticipated new reforms for national research laboratories seem to be quite important
.

10.4
The lack of Entrepreneur-ship

The lack of mobility in R&D workforce seems to have caused another problems in Japan. The lack of technology ventures is widely observed in a number of high technology business areas
. There is a wide range of discussion on why few ventures in Japan. Lack of capitals, lack of Angels, etc. One of the decisive factors seems to lay also in mobility of researchers.

R&D resources are highly concentrated to big industrial organizations in Japan. As seen in table, 90% of researchers and 95% of R&D funds are in the hand of firms with more than hundred million yens of capital. Small firms have long been considered as not attractive enough for talented young researchers. In spite of government efforts to foster small entrepreneur start-ups, few success stories are heard so far. This concentration of R&D resources to big firms has bought in some bias in the strength of industrial R&D in Japan. Japanese industry is competitive in mass-market segment, but not in mall volatile segment in market. 

Another reason for this stems from characteristics of industrial structures. Copper cable manufacturers, not the glass making companies, have chased optical fiber technologies, and vacuum tube manufacturers joined the race for semiconductor development
. It is not peculiar case to Japan. Similar case was seen in other countries as well. But this type of "market substitution" strategy of industry inevitably results highly integrated company / industry structures. It does not give favor to small technology-driven firms.

Although it is quite difficult to assess the effect of industrial policy to this process, it seems quite natural that government has given privilege to well-experienced big companies for entitlement of acquiring new imported technology, rather than less-experienced small business during the early history of the industry. This preference of government has actually worked well at the stages of "catching-up" process. But it is not always true. 

10.5 Structural Reform Program

When the Hashimoto Cabinet assumed office in 1995, he presented a six-fold reform plan as its Cabinet agenda. These are administrative, fiscal, financial system, economic structure, educational and pension system reforms. Of particular importance for technology policy was the planned reform of the economic structure. The "Program for Reform and Creation of the Economic System" approved by the Cabinet in December of 1996 at the behest of MITI, spelled out the needed concrete action plan for the reform. The main thrust of the plan was overhauling the high-cost structure and creating an environment for competition through deregulation

Innovation is an overall process accompanying renovation of the socioeconomic system as a whole. Research and development activities are one important source of innovation, though not the only one. The benefits are realized only when the newly born technology is widely accepted and actually used. Many examples may be found in the history of technology to show that the dispersal of new technology is impeded by the existence of an old order. Moreover, underlying this recent action plan has been a sense of crisis in effect that the existence of the various regulations undermining the flexibility of society is one of the most important factors behind the very different realities in the United States and Japan today. 

11. Epilogue: Competitiveness to the Fore Once More

Amid continuing alarm surrounding the issue of Japan's competitiveness, forthright doubts have been aired in Japan's business community and at MITI with regard to whether a "shift to fundamental research" would be enough as the leading principle in Japanese technology policy. It seems that the same sort of debate that took place in the United States in the middle of the 1980s is now taking place in Japan at MITI and in the business community. However, it is clear that the renewed interest in the issue of competitiveness does not signal a return to the old "catch-up" model of technological policy. It is equally clear that the proposals of the Young Commission of 1985 cannot constitute a simple prescription for Japan today. 

In a world of competition where there are no readily existing models, "competitiveness" means nothing other than "creativity." Since the latter half of the 1980s, Japan has believed that flowering creativity through basic research is the form which technology policy should take in the post catch-up era. The nation's confidence with respect to its competitiveness has served as the foundation for this. The realities of the 1990s, however, have vastly transformed Japan's self-assessment with respect to its competitiveness, and there is now renewed awareness of the issue of creativity in a much broader context. It is as if the pendulum has now swung back the other way. The June, 1998 interim report entitled "Toward the Reform of Economic Society through Creative Activity" and recently released by the "Innovation Study Group" sponsored by the head of MITI's Industrial Policy Bureau makes this abundantly clear. This was followed by the creation of the Prime Minister's Advisory Council on Industrial Competitiveness in March 1999. 

� Yoshiki Mikami, Professor of Planning and Management Science, Nagaoka University of Technology


� The Tokugawa Shogunate banned unauthorized international trade, and assigned Nagasaki as the only port open for international trade in 1639. After that government controlled trade was observed on a very limited scale, through Dutch merchants. 


� Under the feudal class system of the Tokugawa regime, there were four classes: Samurai, farmer, manufacturer and merchant. Class was inherited and it was forbidden to change class or occupation. The total population in the late Edo era was estimated to be 30 million, of those 6% were samurai, 78% were farmers, and the rest were manufacturers and merchants.


� Under the Tokugawa regime, every feudal land unit was basically autonomous unit. Many regulations restricted trade of commodities beyond feudal land borders, and it resulted segmentation of the domestic market.


� The Central Institute for Weights and Measures was established as early as 1870.


� "Shokusan-Kogyo" literally means “ to implant and promote industries”. Toshimichi Okubo, one of top leaders in the Mejji Government, clearly stated the rationale of this policy in a brief declaration, "Kangyo Kenpakusho" in 1875.


� Textiles accounted for 30% of industrial production and for 60% of industrial exports in 1927-1938.


� Technologies employed by the Government operated factories tended to be too capital intensive for private entrepreneurs who adopted less capital-intensive technologies.


� The government invited 3,762 foreign experts during the 10 years from 1872 to 1881. During the 20 years from 1872 to 1891, the government hired 5,526 foreign experts, and the private sector hired 8,313. Annual Statistics on Imperial Japan (in Japanese).


� It was just sixteen years after the Nanjing Treaty, which was imposed on China by the colonial powers as a result of the Opium War (1840-1842).


� Milton Freedman regards the free trade regime of Japan in the initial three decades of independence as one of the major success factors for industrialization, compared with the stagnation of industrial development in India after independence (Free to Choose, 1979, Harcourt Brace Jovanovich, Chapter 2).


� Takashima, one of the largest coal mines then in Japan, was owned by British merchant Thomas Blake Glover, and the first steam railways extended from Tokyo to Yokohama was an investment by Americans.


� Toshiba-General Electric for electric valves, Furukawa-Siemens for copper cables, were two examples of these joint ventures. These international ties were maintained until recent times.


� Especially design and building of warships have achieved competitive technical standards in 1910's. The first originally designed warship was FUSO built in 1914. But the Washington Moratorium concluded in 1922 brought a temporary cease in the shipbuilding race among major naval powers including Japan.


� The Sino-Japanese War (1894-95) resulted in The Simonoseki Treaty in 1895, by which China conceded Taiwan to Japan. The Russo-Japanese War (1904-1905) resulted in The Portsmouth Treaty in 1905, by which Russia conceded the south half of Sakhalin Island and the Liaotung Peninsular, together with the right over the railways in northeast China constructed by Russians. Later these stakes were expanded, and finally Japan annexed the whole of Korea in 1910, and established a puppet government in Manchuria in 1932. 


� The Yahata steel mill was provided with iron ore from China. Japanese industries had invested a lot to these areas in pursuit of abundant natural resources. the Penchi Hu coal & steel plant (1911), the Anshan steel plant (1918) in northeast China and the Ken-niho steel plant (1917) in Korea, for example.


� In 1918, the National Aeronautical Laboratory was created and the Government was authorized to subsidize automobile production for military use by a special law. In spite of these efforts, locally made cars and trucks were not reliable enough for actual battle field use, and the Japanese military corps had buy from Ford and General Motors, whose cars were already exported to Japanese market in large numbers. Ford opened local assembly lines as early as 1927.


� The Special Law for the Dye and Pharmaceutical Industry (1915), for example.


� The National Physics and Chemistry Laboratory (1917), The National Industrial Research Laboratory, Osaka (1918), and The National Fuel Laboratory (1920) were established, learned from the lesson of World War I.


� Yamazawa (1984), p.151


� The first of this kind of council was Nosho Koto Kaigi (the Higher Council for Agriculture and Commerce) created in 1898. Seisan Chosa Kai (The Council for Production) in 1910, Keizai Chosa Kai (The Economic Survey Council) in 1916, Shoko Singi Kai (The Council for Commerce and Industry) in 1927 all followed it later. All worked as advisory councils to the Minister of Agriculture and Commerce.


� The first of this kind of subsidy was the Juyo Bussan Menzei Seido (Tax Exemption for Important Products) introduced in 1913 and maintained after the Second World War.


� The Foreign Exchange Control Directive (1937), The Temporary Law for the Control of Exports and Imports (1937), The Temporary Law for Financial Control (1937) were examples. The History of MITI Policy Vol.3, p.130.


� The Economic Stabilization Agency, "The report on War Damage to the Japanese Economy" (in Japanese), February 1948. The History of MITI Policy Vol.2, p.207.


� General Head Quarters (GHQ) Directive No.3, SCAPIN 47, dated September 22, 1945 and the following report of the U. S. Reparation Mission headed by Edwin W. Pauley, "Reparations from Japan: Immediate Program" dated December 18, 1945. These directed the removal of: (1) Half of machine tool production capability; (2) All the equipment of military-run factories, privately-run aircraft, bearings and aircraft-engine factories; (3) All the equipment of the 20 major shipyards; (4) Excess production capacity of steel over 2.5 million tons; (5) Excess production capacity of pig iron over 0.5 million tons; (6) All production capacity of magnesium and aluminum; (7) Half of oil / coal fueled power generation capacity; (8) All sulfuric acid production capacity; (9) Major soda production capacity. Part of these directives was actually realized. All kinds of aircraft production were prohibited and oil refineries located on the pacific coast were closed. These were not allowed to resume operation until the 1950s.


� The US National Security Council, Position of the United States with respect to Asia, NSC48/2, December 30, 1949.


� During fiscal year 1922 to 1923, more than twenty percent of the general budget was allocated to subsidize steel production.


� The government regulation lowered the price of technology by reducing competition among Japanese importers. One notable example of coordinated technology importation was the introduction of the oxygen blowing process in steel making. Four competing steel producers in Japan obtained the technology from the fifth, the original technology importer under the guidance of MITI. But such intervention was not systematically pursued, since cases of competitive technology importation also are reported (Morikawa, "Testimony for the Japanese Industrial History in the Post-War Era" Vol.2, pp.112-113).


� Japan became a contracted member of IMF-IBRD in 1953 and GATT in 1955, as a nation of article XIV of the former institution and a state of article XII of the latter. Japan became an article XI member of GATT in 1963.


� The Industrial Structure Council Report of 1963. This was the first report in a series sent to MITI from the Industrial Structure Council.


� The Special Law for Economic Revitalization of Coal Mining Area of 1955. Before all these events, the short-lived socialist government headed by Tetsu Katayama once decided on the Nationalization of coal mines in 1947. Bur this was soon abandoned, unlike the UK.


� The Multi Fiber Arrangement (MFA) signed in 1974 was often referred to as a rationale to employ restrictive measures by many importing countries.


� There had been strong pressure from energy intensive industries to introduce preferential electricity / naphtha prices to sustain their domestic production. Although MITI partly accepted this policy option (Yoshio Tokuhisa, Naphtha War, 1984, in Japanese), MITI promoted the shift of these plants to overseas and gave support by means of project finance. The aluminum smelting plants in Sumatra and Brazil, petrochemical complexes in Iran, Saudi Arabia, Singapore were those projects supported by the government in late 1970s.


� Nature Vol.344, p.479, 5 April 1990.


� In general, those expenditures which are classified as "investment" has been generously treated (e.g. minimum cut), partly because of its believed "multiplier effect" to the economy, and those classified as "consumption" has been treated in quite restrictive way. Government contracted R&D expenditures were considered to be as "consumption" and have been subject to reduction of 10 to 15 percent in amount every year.


� Japan Key Technology Center was created to serve as technology investment arms of both MITI and Ministry of Post and Telecommunication (MPT). It funds for industrial / telecommunication sector R&D projects jointly with private firms. The source of funds comes from NTT dividend revenues through MITI and MPT. Government still owns one third of NTT's equity even after the privatization in 1985.


� The semi-government organization was originally established in 1980 to promote the development of new energy sources and energy saving technologies. In 1987, new mandate was attached to the orgnzation. This enabled NEDO to fund private R&D in industrial technology areas as well. All these activities of NEDO are solely funded by MITI.


� One of MITI's policy statements described this as "Resonance between Science and Technology". See AIST, Industrial Technology White Paper, 1989 (in Japanese only).


� In ISSCC '97 held at Los Angels, the composition of authors was as follows. Japan presented 44 papers total, out of these, 40 from industry and 4 from university. US presented 72 papers total, out of these, 23 from university and 14 from small venture firms, the rest from big well-known firms. Korea and Taiwan presented 4 and 2 papers. 


� US National Science Foundation, "Immigrant Scientists, Engineers, and Technicians -1993"


� APEC Industrial Science and Technology Working Group, Study on Mobility of Researchers among APEC Economies, March 1998.


� PM Yasuhiro Nakasone announced his policy to increase the number of foreign students at Japanese university campus up to 100,000 per year before the end of 20th century. This declaration was done during his official visit to ASEAN in 1983.


� Hashimoto's cabinet has a plan to reform national Laboratories into "Agencies", modeled after cases abroad. The new organizations are expected to have wider discretion in their management and get bigger dependence to the administrative direction by government.


� SONY, Matsushita and Honda are the only three Japanese companies now appear in top 20 ranking and not existent before WWII.


� Major manufacturers of optical-fiber cables in Japan like as Sumitomo Electric Industries, have all been in copper cable business line. Major vacuum tube manufacturers at the begging of this century like as Toshiba, Hitachi, are still major players in semiconductor business in Japan. This is not the case in USA especially in highly innovative sectors of industry.
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