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Foreword

Mankind now experiences the historically important world events. In international polities, the
East-West cold war structure collapsed at an unexpectedly rapid pace, and this, coupled by the
consequent surge of nationalism, compels Japan to restructure its relations with the former
East-European countries. Furthermore, we encounter a number of global problems of great
significance. These major changes and moves in the world are causing expectations to be placed on
Japan. On the other hand, it is also a fact that Japan is apt to be criticized as a "country dependent
on other countries in the field of basic research” and also as a “country failing to fulfill its role equal
to its national strength”.

This year’s white paper analyzes the role Japan plays in global scientific and technical activities,
and charts its future course to perform its international responsibilities.

It is my wish that this white paper provides useful information to discuss Japan’s position in the
world as well as its role. At the same time, [ would like to stress that the Japanese government will
make its best effort to promote Japan's science and technology, including the areas pointed out in
this white paper, in such a way as to create a common international asset for mankind.

I ask for your increased understanding and cooperation.

September, 1991

Akiko Santo,
Minister of State for
Science and Technology






Preface

Today, there are increasing discussions about the changing paradigm of science and technology.
Because paradigm generally means “framework”, these discussions indicate that the framework for
science and technology is changing qualitatively.

The rapid globalization of our economie, scientific, and technological activities has revealed that
our earth is truly limited. This limitation is becoming more apparent in many areas such as resources,
energy, and markets. Recognizing these limitations, we are required to find ways and means of
achieving "sustainable den-'ﬂﬁupmt-:nl" - a4 way of life to enable our activities to harmonize with the
environment toward the future. A great deal of expectation is now being placed on science and
technology to enable people to live in harmony with one another and with all lives on earth.

At this critical junction for mankind, the theme of this year's White Paper on Science and
Technology is “Globalization of Scientific and Technological Activities and Issues Japan is
Encountering”. It shows recognition Japan will play a significant role internationally in science and
technology from now on. We review the globalization of scientific and technological activities in order
to see the ways in which Japan will contribute to the world thereby furthering the sustainable
development of mankind.

This white paper consists of three parts. Part 1 deals with the aforementioned concept. Part 2
compares scientific and technological activities internationally, and examines the status of these
activities in Japan. Part 3 describes measures which have been developed in accordance with
the "General Guideline for Science and Technology Policy”, the fundamental policy statement of the
Japanese Government concerning science and technology.
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Globalization of Scientific and Technologicai Activities and Issues Japan is Encountering

Part 1.
Globalization of Scientific and
Technological Activities
and Issues Japan is Encountering

The destruction of the Berlin Wall and the
ending of the Cold War has accelerated the
construction of a new world order. However, the
Gulf War, triggered by Iraq’s invasion of Kuwait
in August 1990, revealed some difficulties
ntt.ending this construction. In addition, the
North-South problem, which has continued for
many vyears between the developing and
developed countries, is not easy to solve. Rather,
it seems that economic gaps, which increase the
difficulty in attaining future world stability, are
expanding (Table 1-1-1). Moreover, our planet
earth has many problems which need to be
solved - in areas such as global environment,
population, resources, and energy. The nations
of the world must meet these challenges with our
collective wisdom; we must concentrate our

efforts on solving these problems.

Japan’s economic scale ranks second in the
world and Japan’s scientific and technological
capability is well recognized. Because science
and technology will provide possibilities for
solving many of these problems, it is in this
direction that Japan must proceed to make its
international contribution.

By nature, scientific knowledge flows back
and forth across national borders. In these years,
caused by the rapid scientific and technological
development, movement of technology that are
apt to be considered proprietary also activated by
the increase of technology, trade and inter-
national direct investment. As a result, activities
in the domain of science and technology are
moving beyond the traditional framework of

Table 1-1-1. Relationship between world situation and science & technology

Late "80s '

World structure

ecanomy)

End of cold war between the
cast and the west
(Relevance:Superiority of
information and elécironics
technology in marken

Concern about polarization.
Widening gap between the
north and the south
(Challenge: technical
pssistance (o developing
countries)

Economic activities

exchange.

Expansion of borderless
activities (Relevance:
technological innovation
encouraging international

Transfer o economic
structure which ensures
protection of giobal
environment (Challenge:
expeciation that science and
technology will harmonize
with the environment)

Source: Science and Technology Agency (STA)
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Globalization of Scientific and Technological Activities and Issues Japan is Encountering

bilateral complex mutoal
dependent countries,
Cooperative relationships are oceurring where
the world’s scientists and engineers unite
to promote research and development of
solutions to global problems. This white paper
titles this kind of global
inter-dependency in science and technology
among the world’s countries as "Globalization of
scientific and technological activities”. Part 1
examines the current status of globalization and

cooperation  to

relationships among

activity and

Japan’s current position, and seeks to define
Japan’s future direction and the roles the country
should perform in the international community.

1.1. Development of Globalization

1.1.1. Expansion of Economic Activities
Across National Borders

1.1.1.1. Global Expansion of Economic Activ-
ities

As shown L‘I-}' rapid increases in trade, overseas

% billion
800~
7004 Annual average growth
of total amount
800 1580-85 0.6%
1985-89 14.1%
S0+
Trade amount 400+ 380.2 ?ﬂﬁ

2004 £ -
1001 |

D e

investment, and foreign security trading,
national economic activities now have global
implications; economies have become more
interdependent. The annual growth of world
trade has exceeded the world’s net economic
growth since the mid-80"s, Services (such as
transportation, travel, financing, insurance,
patent royalties and consulting) are characteris-
tically consumed at the same time as they are
produced and thus not thought of as important
elements of international trade, resulted in a 14%
average annual growth in five years from 1985
to 1989, reflecting the closer economic ties
between countries (Figure 1-1-2). This exceeded
the growth of the goods trade. Also, overseas
direct investment has been expanding rapidly
alter the exchange rate adjustments resulting
from the Plaza meeting in 1985. The expansion
of direct investment can be seen in the figures
of investment flows among the world’s three
major economic centers (i.e., the US, Japan and
the EC) during the period from 1985 to 1989. The
amount of Japanese and EC investment in the US
has grown extraordinarily (Figure 1-1-3).

i Total
Tranzportation
E& Travel

660, =] Others

S

AR

285

b
L

e :-'vgxmog-a-:o-'\c

i

197.4197.7

i

o

-
e

=

e e e
K

AL

e
e e e

1989 year

Figure 1-1-2. Trends in world service trade

Source: White Paper on International Trade 1991
Citation: IMF "Balance of Payments Statistics”
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&7

Japan

1,217

Japan \
748
54 1.534 327
R N $
43
F -

8,823

United States

(¥ear 1985)

17,269

EC. ah EC.
14,503
3.394
4.801

42,486

(unit:  million)

United States

(Year 1989)

Figure 1-1-3. Flow of direct investment between Japan, US and EC

Note: Figures for EC: Sum of 10 countries for 1985 and 12 countries for 1989

Compilation: Science and Technology Agency

Source: US Department of Commerce "Survey of Current Business” for the flows between the US and
Japan, and between the US and the EC. Japan's Ministry of Finance "Monthly Statistics of
Finance” for the flow between Japan and the EC.

Factors encouraging these activities include
worldwide deregulation and detente between the
East and West, development of information/
communication technologies including high-
ly-advanced computer networks, and improved
traffic/transportation  systems. The
expansion of direct investment is caused by
active private sector activities which have been
expanding beyond national borders, reflecting a
growing demand for high value-added products
meeting diversified market needs throughout the

rapid

world. These direct investments influence trade
flow and contribute to the adjustment of trade
imbalances through reverse imporis, advance-
ment of host nation industries, and enhanced
competitiveness,

1.1.1.2. International Adjustment of Economic
Activities

Increasing globalization of economic activities
generally favorably influences the development
of the world economy, but greater interdepend-
ence means that national policies inereasingly
affect the activities and policies of other
countries. This makes it necessary for national
economic and political interests to be adjusted
among countries. Efforts have been made to form
a stable international order through correcting
of restrictive trade measures at the GATT,
cooperating  in policies at  the
Economiec Summit Talks, and cooperating on
international financial policies in the G-7.

ECONOMmIic
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Globalization of Scientific and Technological Activities and Issues Japan is Encountering

1.1.1.3. International Coordination in Scientific
and Technological Activities

As local production increases l:hruugh direct
investment, local R&D facilities have been
established to meet market needs, in addition to
centers. Increasing
globalization of economic activities has resulted

sales and production
in the same tendency not only in scientific but
also in technological activities. This has been
accompanied by problems caused by differences
in national administrative systems and science
and technology practices, e.g. different treatment
of intellectual property rights and technology

standardization. Solving these differences will-

I‘m]uin: r;.Ln:a{: i:l'll.l_',‘l"f:lil.ti.!:ll'i.i,!.l. 1;:mp¢|‘z|tmﬂ.

1.1.2. Globalization of Scientific and
Technological Activities

Japan has been using technological progress
as a driving force for its economic growth and
for the internationalization of its economic
activities. These technological advances were the
rapid development of information/electronics
technologies starting in the 1970s, and the
nation’s positive approach toward technological
innovation which combined communication and
computers in the 1980s. While Japan's economic
prosperity benefits from science and technology,
we should not forget that achievements in basic
research in Europe and the US have played a
significant role in the development of science
and technology. Results obtained through
long-term investments by mankind into basic
research activities provided a common basis for
S&T development worldwide. Now in this paper
we are starting to deal with the current status of
globalization in science and technology and the
relative standing of Japan.

In this section, the level of basic research and
technology is at first compared internationally.
Then, science and technology indicators (human
resources, papers, information, patents, technol-

4 F

ogy trade, ete.) are examined to assess the
progress of S&T globalization and to study
Japan’s position and the role Japan plays in the
Also, the scientific and
technological activities at public research
institutes and private corporations are analyzed
from a global point of view. Furthermore,
international cooperation on those issues which
require joint effort, such as global environment
issues and "mega-science”, will be reviewed.

context.

global

1.1.2.1. The Position of Japan's Science and
Technology in the International Community
and the Development of International
Exchange as Seen from Indicators

1.1.2.1.1. International Comparison of Scientific
and Technological Levels '

Increasingly, national governments are
recognizing the importance of science and
technology, and are promoting policies dealing
with  science and technology activities.
Consequently, there has been heightened interest
in comparisons of national science and
technology levels. In the US, the Departments
ﬂf CUHI"IEM ﬂ."d DHFHHEE ]'.Iﬂ.'i"E PTEEﬂﬂtﬂd
comparative studies of promising, future, key
technologies. Their efforts are designed to result
in more focused science and technology policies.

Before discussing the globalization of scientif-
ic and technological activities, this White Paper
will describe the levels of achievement of various
countriez in the areas of basic research and
technology.

1.1.2.1.1.1. Basic Research

The number of Nobel prize laureates is often
used as an indicator of the level of basic research.
Forty percent of the Nobel prize laureates are
from the US. The UK is second, followed by
Germany and France. Japan is ranked in the 12th
position, with only 5 laureates so far. Based on
these figures, some have argued that Japanese
people lack creativity and that Japan has a weak
foundation in basic science. The number of

Science and Technology Agency
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Nobel prize laureates, however, is only one index
of basic research activities, but it does not
necessarily reflect the present level of basic
research activity, because the prize is awarded
based on past achievements.

While it 1s difficult to evaluate objectively
each country’s level of basic research, surveys
were conducted by the Seience and Technology
Agency of how researchers assess these levels
comparatively. The latest survey (Survey of
High-tech Researchers and Engineers, in
FY1991) was conducted in May 1991, and
solicited the views of Japanese researchers about
the levels of basic research in Japan, the US, and
Europe. Questionnaires were sent to 1,012
public, academic and private sector researchers
(531 responded) in the fields of life sciences,
materials, information/electronics and marine/

earth sciences. Aecording to the results of the
survey, the respondents viewed the US as
superior in almost all basic research areas. Many
respondents commented specifically that the US
is in a superior position in the life sciences and
in marine/earth sciences. In a similar survey
conducted three years ago, respondents viewed
Japan and the US as equal only in one subject
area, and the US as excelling in the eleven others.
In this year'’s survey, researchers replied that
Japan had reached parity with the US in 3 subject
areas but that the US excelled in the remaining
nine. This indicates that the level of Japan’s basic
research may have improved a little in the past
three vears (Table 1-1-4).

In comparison with Western Europe, the
survey three years ago indicated that Japan was
superior to Western Europe in 4 subject areas,

Table 1-1-4. Relative standing in emerging technologies: Japan vs U. 5.
International comparison in basic research

Japan ¥s U5 Japan s Europe
Field Research theme (E)
3 years present 3 years preseal
ago ago
Lile Elucidation of geae expression conirel mechanizms us s E "
sciences Elucidation of the process of growth and aging us us E E
Elucidation of brain funclions us us E E
Materials Exploration of new phenomena on surlace/finterface of materials us Ls = =
Research on the creation of mew and Bighly fuactional materials by = = Japam Japas
contralling crystalline straciare
Research on theoretical material design methods Us s = =
Information | Creation of kighly [unctional devices coatrolled al molecular and L5 = Japam Japan
fElectronics | atomic levels
Super distributed and parallel data processing us LS Japan =
Rescarch on the extraction of semantic information from audia- us = Japam
visual dana
Ocean/Earth Rezearch on the global ocean circulation and the interaction LS us E =
between the atmosphere and the ocean through the investigation of
various phenomena in the ocean
Research on the ecalogical sysiem in the occan s us E =
Besearch on the long-term change of air temperature ihrough the Ls Us E =
maoniloring of carbon dioxide, ozone, el

Note: Country (area) named shows superior one. : 3
Source: Science and Technology Agency "Survey of High-tech Researchers and Engineers, Y1991
Science and Technology Agency "Survey of High-tech Researchers and Engineers, Fy19388
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Western Europe was superior in 6 areas, and both
were equal in 2 areas. In the 1991 survey, Japan
was thought to be superior in 2 areas, Western
Europe in 2 areas, and both were viewed as equal
in 8 areas. On the whole, Western Europe was
perceived as a little bit superior three years ago,
but currently both are almost equal. By research
field, Western Europe is seen as superior in life
sciences, Japan is seen as superior in materials
and information/electronics, and both are viewed
as equal in marine/earth sciences.

These survey results indicate that Japanese
researchers perceive Japan’s basic research level
has improved in the international context during
the past three years. This is due to efforts of
Japanese researchers. In the 1991 survey, to the
question: "Do you think that Japan will come to
create new concepts and/or new research areas
through efforts in basic research?”’, 63% of the
respondents answered "Yes,” twice as many as
the 327 of respondents who replied "Not likely”
or "Don’t think so” (Figure 1-1-5). This indicates
a good deal of expectation by Japanese research-
ers toward the results of Japan’s basic research
activities.

[ty

8

1.1.2.1.1.2. Technology

In the spring of 1990, the US Department of
Commerce published the results of a survey of
US experts about present and estimated future
levels of achievement of the US, Japan, and
Western Europe in 12 emerging technologies,
considered to be very promising in the 90s. In
the 1991 survey aforementioned, STA has made
a similar survey of researchers in the same
emerging technology areas (Table 1-1-6).

In the US DOC survey, the US respondents
answered that Japan is superior in 5 areas, the
US in 6 areas, and the two countries are equal
in one area. According to the STA survey, the
Japanese researchers responded that Japan's
level is superior in 3 subject areas, the US in 4
areas, and they are equal in 5 areas. US
respondents tended to regard one country or the
other to be superior rather than giving both equal
credit. It can be generally said, however, that the
present technological levels of the US and Japan
are recognized as being almost equal. By
technological area, both surveys indicated that
the US is superior in the life sciences, and the
two countries are even in “super-conductivity”.

/
% 1.4 A8
Positive Not likely  Negative  Dont know

Figure 1-1-5. Is it possible for Japan to create new concept and/or new research fields?

Source: Science and Technology Agency “Survey of High-tech Researchers and Engineers, FY1991"
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Table 1-1-6. Relative standing in emerging technologies: Japan vs U.S.

5TA's sarvey Us DOC's survey
Emerging Techmologics
Current Trend Curreni Trend
Stalus Status

{Life seiences)

Biatechaology

—

Medical devices and diagnosiics

—
—*

{Materials)

Advanced maferials

e

Superconduciors = t

{Information Sysiems, Electronics)

Advasced semiconducior devices T

(@] | & | [®] | 1
Digital imaging technology = t ‘il t
High-density data storge E — ‘il T
High-performance compuling E T E T
Opto-elecironics = T li] 1

{h‘l:lnnl':.l:lurirlg H:,rstl:ms.]
“—

Artificial intelligence E T E

'@ | ¥ — =
Flexible computer-integrated manufacturing
Sensor iechnology — t E 1

MNote: 1. Current status: Flags show countries ahead.
=means even.
2. Trend: T Japan Gaining
++ Holding
Source: Science and Technology Agency; "Survey of High-tech Researchers and
Engineers, FY1991"; US Department of Commerce "Emerging Technologies, Spring 1990".

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991 7



Globalization of Scientific and Technological Activities and Issues Japan is Encountering

In information/electronics, Japan is superior
in "advanced semiconductor devices™ and "high-
density data storage”, but the US is superior
in "high-performance computers”, and "artificial
intelligence”. A notable difference between these
two surveys is that according to the US DOC
survey, the US is superior in "flexible com-
puter-integrated production systems”, but the
STA Survey results indicated that Japan is
superior in the same area - an interesting
difference of opinion.

What is the future of these levels of emerging
technologies? According to the US DOC survey,
the respondents anticipated that the US superi-
ority in “artificial intelligence” and "flexible

r:.mnim[a-,-r-inh-.gmtf::[ prmlm:li{m 5}'5.1{:1115“ will

remain, but they predicted Japan's relative level
in other areas will improve in the future.
According to the STA Survey, the respondents
anticipated that the Japan’s superiority in
"advanced semiconductor devices” and 1'1'f11'g1!-
density data storage” will remain, but they
predicted also that Japan’s relative position in
other areas will improve in the future.. While
there are some differences in these two surveys
regarding the areas in which achievement levels
are expected to remain the same, both surveys
indicate that Japan’s technology progress is on
a rising curve relative to the US. Nevertheless,
in Japan, there is concern with the decreasing
quality of the research environment, such as the
national research institutes and the university
laboratories. And also the sharp decline in the
number of younger people and a tendency of
younger peoples’ less interest in science and
technology are concerned,

For any country, it is essentially important to
grasp not only its own level of science and
technology, but also that of other countries as
well, in order to develop effective policies
guiding scientific and technological activities.
According to the surveys mentioned above,
Japanese and US researchers have a roughly
similar perception about the technology levels
of the two countries. Such common ideas and

8 i

recognition shared not only by researchers but
also by many others, including policy makers,
will help avoid unnecessary friction between
countries. Thus, it is important for each country
to obtain an objective idea about its own levels
of science and technology, and in some case, it
is useful to conduct joint surveys and to exchange
information. In any case, Japan's S&T policy
needs to be based on the recognition that its
science and technology levels of achievement
have been on a relatively rising curve.

11.2.1.2. A Statistical Picture of International
Exchange

Needless to say, international exchange plays
a great role in the development of science and
technology. According to the aforementioned
survey, chances for Japanese researchers to
communicate with their counterparts in other
countries have increased compared with three
years ago. Compared with the active communi-
cation between the US and Europe, however,
Japan-US and Japan-Europe exchanges result in
noticeably less exchange of information and
researchers.

As for the reasons hindering exchanges,
almost 40% of the respondents replied that
the "high cost of exchange activities and limited
funds” is putting a brake on the "exchange of
researchers”. This factor was thought to be more
influential than the other factor: "Being not
involved in an international researchers’
network™ (Figure 1-1-7). On the other hand, the
reason for hindering “information exchange”
was attributed by most respondents to the
factor: "Being not invelved in an international
researchers’ network”, rather than to finaneial
reasons. The same factor rather than finaneial
reasons was pointed out by most respondents also
as the reason for hindering the contribution
of “international joint-work treaties”. The
financial obstacle to "joint research™ was pointed
out by more than 30% of the respondents, but
more researchers pointed out the lack of acecess
to an international researchers” metwork. In

Science and Technology Agency
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Exchange of
resaarchars

Exchange of
infarmation

Co=authorshig
of literatuee

Joint research

[777 High cost ; maager budget
EZE] Isolation from international network due to geographical distance

from the US and Europa

il teolation from international network due to few chances for exchange
E Cultural bamier including language

[ 1N necessity for exchange, as being mest advancad in Japan

BB My field doss not need international exchange

riii Others

Figure 1-1-7. Factors hindering international exchange

Source: Science and Technology Agency "Survey of High-tech Researchers and Engineers, FY1991°

general, Japanese researchers feel that they are
not making an effective part of international
researchers’ networks - a fundamental problem
affecting research activities in Japan.

1.1.2.1.2.1. Personnel

(1) Exchange of Researchers/Engineers

Of all indicators, the international exchange
of researchers/engineers' indicates most clearly
the status of the internationalization of scientific
and technological activities.

Reaearchersfcﬂgineers who left Japan for
other countries in the past 20 years numbered
730 thousands (0.9% of total Japanese travelers
abroad). In the same period, foreign researchers/

engineers who came to Japan were 460

thousands, showing that more Japanese
researchers/engineers visited other countries
than foreign counterparts came to Japan. In
recent years, both the visitors from and to Japan
have been increasing. In 1989, almost 150
thousands wenl overseas and over 80 thousands
came from overseas (Figure 1-1-8). Both figures
have been rising steadily after 1985, with the
number of departures increasing more rapidly
than the number of entries, thus expanding the
difference between them. International ex-
changes of personnel in science and technology
have been exceeding the growth rate of the total
number of travellers from and to Japan.

By country, the largest number of Japanese
researchers/engineers, 70 thousands (48%;), went
to the US, followed hr'r 14 thousands (9%3) to the

1) "Resecarchers/engineers” here refers to those who leave Japan for the purpose of scientific study, research and
training abroad, or those who enter Japan for the purpose of study, training, teaching, scientific research and for

providing high level technology.
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Figure 1-1-8. Trends in departure from and entry into Japan of researchers/engineers

Notes :1. Number of departures based on the purpose of the travel indicated in the emigration card
(research, study, technical training). Number of entries based on the data of those screened and
qualified to stay in Japan in accordance with the Law of Legal Emigration and Recognized
Refugees (study, training, teaching, artistic activities, provision of high level technology).

2. The sharp increase of entry in 1982 reflects addition to the statistics of the entries for the
purpose of training.

Source: Ministry of Justice: "Annual Report of Statistics on Legal Migrants for 1989"

USSR and East European countries 1.0% USSR and East European 0,3% 2 18 UK
Other developing countries i AL = [09% France
- : Othar da\rell?ping iy 2.7% Other developed
7 countrigs L i
Taiwan 3% iy Iy 1 countries
{1 ‘Qﬁ ot ST
Korea 4.2%. i B ﬁ%gﬁ 4 S i
Developing - s ' g?ﬁﬁ - A
countries  ERGed o 1980 I, «agza s
China P2t A Departure o -
e
i B
=T Dwaln-pinq’;)//
Other developed —Ti2-! countbios
Countries " ,
France 4.2% B
UK

Figure 1-1-9. Breakdowns of researchers/engineers going out from and coming into Japan

Source: Ministry of Justice: "Annual Report of Statistics on Legal Migrants for 1389"
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Japan
{departure> {departure> :
Developed 112 thousand <departure> 35 thousand Dﬁ“’a"‘?_'ﬁiﬂﬂ
146 thousand PETSOns countries,
Westem SSH and
_____ i ldnte Eastern
Countries Sae A E:Eﬁ:‘
entry i
B4 thousand 74 thousand
persons persons

Figure 1-1-10. Researcher/engineer exchanges between Japan and other countries (1989)

Source: Ministry of Justice: "Annual Report of Statistics on Legal Migrants for 1989"

UK and 6 thousands (4%3) to France. Of the
foreign researchers/engineers who entered
Japan, 20 thousands (24%) came from Korea, 15
thousands (18%) came from Taiwan, and 12
thousands (14%) from China (Figure 1-1.9). The
ralio uf]ﬂpu Nese resea r::htrs,:"cnginccrs who went
to developed countries to the researchers from
those countries who came to Japan was 0:1 in
1986. In 1989, however, 112 thousands went out
but only 10 thousands came in, making the ratio
11:1, indicating a widening gap between the
departures and entries. Those coming from
developed countries have actually been
increasing, but Japanese researchers going out
have increased much faster. With developing
countries, the ratio was 0.5 in 1986. Three years
later, i.e., 1989, the ratio remained the same; the
number of departees increased to 35 thousands
and incomers to 74 thousands. This shows that
the opportunities for exchange increased sharply
(Figure 1-1-10). The statistics indicate that a
large number of resuarchersfenginnnrs are
coming to Japan from developing countries, but
lapanese researchers/engineers prefer to go to
developed countries.

According to the "Survey of High-tech
Researchers and Engineers”™ many host Japanese

researchers who accepted foreign researchers and
trainees from developing countries
“Activities in Japan contributed to the devel-
oping countries’ advancement through techno-
logical transfers”. However, others replied that
Japan’s technology is not useful to developing
countries, because: "Knowledge obtained in

stated:

Japan is too advanced”, "it does not match the
local needs of developing countries” (Figure
1-1-11).

1.1.2.1.2.2. Published Papers®

(1) Number of Papers

The number of papers published in major
scientific journals in the world has increased by
as much as 45% 1in the past 10 years. During this
period, Japanese researchers have published
twice as many papers as before, exceeding the
world’s average growth figure in most of the
research fields. Papers written by Japanese
researchers account for 7.7% of the total in 1986,
a 1.3 times larger share than 10 years ago. (Figure
1-1-12). By country, the US has been producing
more than 30% of the world’s total since 1973,
but its share has been decreasing slowly. Japan’s
production was in the sixth place in 1973-1975,

2) We used database which consists of major scientific journals in the world. Therefore, it should be noted that
the database does not cover all the papers in the world, and that data on Japanese seientific literature 15 comparati \.'r.'l:l.'

limited.
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Figure 1-1-11. Acceptance of researchers/engineers from developing
countries and technology transfer

Source: Science and Technology Agency: "Survey of High-tech Researchers and Engineers, 1951"

but rose to third place in 1986, following only
the US and the UK. The total number of Japanese
researchers is larger than the number of British,
German and French researchers combined and
18 increasing rapidly. This is considered to be one
of the factors behind the increasing number of
Japanese papers. Nevertheless, the number of
papers produced per Japanese researcher in 1986
was (.08, the smallest figure among the five
major countries and less than one-third of the UK
figure (Figure 1-1-13). Two reasons for this low
production rate are - the analysis was based on
the number of papers published mainly in the

i

12

English language and, in Japan, a greater
percentage of researchers belong to private
companies.

In the field of life sciences, data on the human
genome is considered to be the key to elucidating
organic functions. In comparing human genome
data published by researchers of various
countries, US researchers published the largest
volume, followed by those from the UK, France
and Japan. Judging from this, Japan's level of
contribution in this field is not very high. The
need for international cooperation in analyzing
the human genome has been recognized, and

Science and Technology Agency
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Figure 1-1-12. Changes in published papers by country

Source: National Institute of Science and Technology Policy, STA "Japanese S&T Indicator System”
Citation: Computer Horizons, Inc., "Science & Engineering Literature Data Base, 1989"
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Figure 1-1-13. Number of papers produced per researcher (by country; 1986)
Source: Computer Horizons, Inc., "Science & Engineering Literature Data Base™

JECD data on a full-time equivalent basis (number of researchers)
Compilation: Science and Technology Agency
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Figure 1-1-14. Publicized data on human genes by country (%)

Source: European Science Foundation: "Report on Genome 1991"

lapan is required to support efforts in this field
(Figure 1-1-14).

(2) Citations

Another indicator of a nation’s suceess in R&D
activities is the quality of its published papers.
Citations of a published paper by other papers
indicates the first paper’s impaet in the research
field. Figure 1-1-15 shows relative frequency of
citation (the share of number of cited papers
divided by shares of published papers), which
reveals the relationship between the share of
citations and the share of published papers of
several countries including Japan. The 45 degree
diagonal line in the graph shows that the share
of papers and the share of citations is equal.

Papers from the US have been cited most
frequently. The US share of citations has been
decreasing recently, and its percentage of
published papers has been decreasing also,
resulting in the relative frequency of citations
almost leveling off. With British papers, the
share of citations exceeds the share of published
papers indicating that the influence per paper is
high. However, the relative frequency of
citations of British papers has been declining.
Japanese papers are cited more often than
German and French papers, placing Japan in
third place. However, the relative frequency of

14 4

citations has been rather small, resulting in a
lower power of influence of each paper compared
with that of the US, Germany and UK. Recently,
the number of times Japanese papers have been
cited has increased remarkably, making the
relative number of citations approximately one
per paper in 1986. The ecitation frequency of
USSR papers is extremely low compared with the
total number of papers published.

As for the frequency of citation of domestic
and foreign papers in each country, while US
researchers cite American papers the most,
researchers of other countries cite foreign papers
more than those written by researchers in their
own countries, This is reasonable because the US
is the world center of R&D activities (Left part
of Figure 1-1-16). As for the numbers of papers
being cited by foreign and domestic papers - the
former numbers are more significant. Those
written by US researchers are cited the most
worldwide, followed by those written by British
researchers. When Germany and Japan are
compared, the total number of papers being cited
is more in Japan. However, concerning the
citation from abroad, German papers are more
often cited. (Right part of Figure 1-1-16).
Considering the fact that Japanese researchers

publicize more papers in overseas publications

than German researchers, these statistics indicate

Science and Technology Agency
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Figure 1-1-15. Changes in relative frequency of citation of papers in selected
countries, 1976, 1981, 1986

Note: The figure represents the value of 1976 as the starting point, that of 1981 as the
intermediate point and that of 1986 as the final point.

Source: NISTEP " Japanese S&T Indicator System”
Citation: Computer Horizons, Inc., "“Science & Engineering Literature Data Base, 1988~
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Figure 1-1-16. Shares of papers citing and being cited by other papers

Note: The figures for shares are averages of 1984 to 1986 data.

Source: NISTEP:"Japanese S&T Indicator System”

Citation: Computer Horizons, Inc., "Science & Engineering Literature Data Base, 1989."

that Japanese papers’ impact on researchers of
other countries is not so high.

In 1981, 80 percent of the papers cited by
Japanese researchers were written by Japanese
researchers, but this percentage dropped to about
40% in 1986, showing a drastic increase of
citations of foreign papers in a short period of
time.

Taking the total frequency of citations in the
world as 100%, 37.09% of the total citation was
done within the US/Canada, followed by 13.8%
within the EC Among regions,
citations of EC papers in US/Canada accounted
for 10.0%, and citations of American/Canadian
papers in the EC was 7.1%, showing frequent
citations between these two regions. Because of
differences in geographical condition and
language, the percentage of citations of Japanese
papers from abroad is low (Figure 1-1-17).

Among 900 papers which were cited most
frequently in the period from 1988 and 1990, 42
papers (4.7% of the total) were written by

countries,

16 /

Japanese researchers, a smaller percentage than
the share of all the cited papers. This shows that
the impact of Japanese papers in the most
advanced research activities is still small. Among
these 42 papers, those in the life sciences
numbered 25, showing active research in this
field. Among the 10 most frequently cited papers
from September to October in 1989, those in first
and third places in physics, and those in second
and third places in biology were written by
Japanese researchers working at Japanese
research institutes. Among the top 10 papers
most frequently cited in the 1980s, two were
written by Japanese researchers. This shows the
existence of excellent papers written by Japanese
researchers.

(3} Internationally Co-authored Papers

The number of the papers written jointly by
researchers of different countries has been
increasing. While the ratio of international
co-authorship in Japan is increasing, fewer

Science and Technology Agency
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Figure 1-1-17. Citation shares in the world

Notes: 1. Papers cited in 1984-88 are covered.
2. Figure shows pearcentage of each country's papers of worldwide citations,

Source: Science Citation Index (15l Inc. USA)
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Figure 1-1-18. Trends in internationally co-authored papers by country

Compilation: Science and Technology Agency
Source: Computer Horizons, Inc., "Science & Engineering Literature Data Base 1989°
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Figure 1-1-19. World map of international cooperative links in the sciences

Notes: 1) The country abbreviations used are as follows:

ARG = Argentina AUS = Australia AUT = Austria
BEL =Belgium BGR =Bulgaria BRA =Brazil
CAN=Canada CHE =Switzerland CHL = Chile
CSK=Czechoslovakia DEU=Germany FR DOR=Gemany DR
DNK = Denmark EGP=Egypt ESP =Spain

FIN = Finland FRA =France GRC =Greece
HUN = Hungary IND = India IRL = Ireland

ISR =Israel ITA =Italy JPN =Japan

MEX =Mexico NLD = Metherlands NOR = Morway
NZL =New Zealand POL =Fuoland PRC =PR China
SUN=US5R SWE = Sweden UKD = UK
USA=U5A YUG =Yugoslavia ZAF =South Africa

2) == shows 2.5% <
——shows 15 <(ry < 2.5%
- shows 1.0 <« Mg % 1.5%

The relative strength ry, is given by ry = nyy / (n; = m"/2 where n; and Ny is the total

number of papers published by countriesi and K, respactively
Source: Scientometrics, Vol, 19, No. 1-2, 1990 International Collaboration in the Sciences,

1981-85, by A. Schubert, T. Braun

Citation: ISI Inc., Data Base
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Figure 1-1-20. Comparison between internationally co-authored papers and

number of papers 1981-86

Mote: The country abbreviations used are as follows:
ALIS = Australia BEL = Belgium CAN=Canada
CHE = Switzerland DEU=Gemany FR DNK =Denmark
ESP =Spain FIN =Finland FRA =France
GER=Great Britain IND =India ITA=ltaly
JPM =Japan NLD=MNetherlands POL=Pecland
SUN=USSR SWE = Sweden LISA =USA

Source: An Outline for Understanding Patterns of International Scientific Collaboration by
T. Luukkonen, O. Persson, G. Sivertsen

Japanese are participating than are researchers
of other developed countries (Figure 1-1-18).

American researchers are the world’s most
popular partners in internationally co-authored
papers (Figure 1-1-19). This is at least in part due
to the fact that US researchers publicize the most
papers and also are cited most freqmaml}'.
Relatively large numbers of co-authored papers
are written in Scandinavia and Eastern Europe;
this may reflect geographical, political, and
cultural factors of these countries proximity
which encourage close communication. Japanese
co-authored papers exist to some extent with
American counterparts.

As for the ratio of co-authorship and number
of papers published in each country, it is almost
at the same level among European countries,
regardless of the total number of publicized
papers. This ratio is low in Japan, the USSR and
India, probably because specific characteristics

of these countries differ from those of Europe,
in terms of geographical conditions, language
and social institutions. The percentage of
internationally co-authored papers in the US is
also small compared with that of European
countries. This is probably attributable to
geographical differences and the |argf' number
of papers written in the US. -- Furthermore, US
authors can find co-authors easily within the
country (Figure 1-1-20). For Japanese research-
ers to have more chances of co-authorship with
their counterparts overseas, it is essential to
encourage their participation in international
networks of researchers, as mentioned above.

1.1.2.1.2.3. Dissemination of Information

An analysis of the usage of the Scientific and
Technical Information Network (STN), which is
offered by the Japan Information Center of
Science and TEC]‘II’!DIHE:\" (JICST), the Chemical
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Karlsrube

Figure 1-1-21. Usage of databases on the scientific and technical information
network (STN) by connected hours

Notes: '‘A—B’ means ‘access from A to B' Figure shows connected hours during 1989(thousand hrs.). The
related organization in each country is as follows:
Japan: Japan Information Center of Science and Technology (JICST) in Tokyo
U.S.A.: Chemical Abstracts Service (CAS) in Columbus, Ohio
Germany: Fachinformationszentrum-Karlsruhe (FIZ-Karlsruhe) in Karlsruhe
Source: Japan Information Center of Science and Technology

Abstracts Service of the United States, and the
Rarlsruhe Specialized Information Center of
Germany, shows that the number of accesses to
the US database is the largest. Although
European countries access the US database over
60% of the time, Japan accesses the US database
during about 909% of its connected hours, There
1s currently little access between Japanese and

European databases (Figure 1-1-21). The
connected hours to JICST’s English database has
been increasing recently, but the amount of data

sent from Japan overseas is still very small
compared with the overseas data received by
Japan. To increase the international dissemina-
tion of Japanese S&T information, The Ministry
of Education’s National Center for Science

20 i

Information System has begun providing data to
overseas researchers through the information
system of the US National Science Foundation,
the US Library of Congress in Washington, and
the British Library in London.

11.2.1.2.4. Patents

(1) Patent Application and Registration

The number of patent applications by Japanese
people is the largest in the world, and the number
of registered patents is the second largest,
following the US. The number of applications
submitted to the Japanese Patent Agency
increased sharply in the 1980s in particular, but
the number of registrations has not increased in

Science and Technology Agency
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Figure 1-1-22. Patent applications/registrations in Japan

Source: NISTEP: "Japanese S&T Indicator System”
Citation: Patent Agency: "Patent Agency Yearbook, 1989"
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Figure 1-1-23. Patent applications/registrations in selected countries, 1987

Note: # indicate EPC (European Patent Convention) member countries.

For EPC patent applications/registrations, each designated country is counted as one.
Source: NISTEP "Japanese S&T Indicator System”™
Citation: Patent Agency "Patent Agency Yearbook, 1989"

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991 21



Globalization of Scientific and Technological Activities and lssues Japan is Encountering

proportion (Figure 1-1-22). From 1980 to 1989,
the number of Japanese researchers in private
companies increased by 75%, and the number of
patent applications increased by 929, indicating
that the number of applications per researcher
increased. The number of applications by
foreigners has remained at about the same level
during these years, so the percentage of
foreigners’ applications to the total applications
has been decreasing gradually.

In the field of biotechnology, however, the
number of patent applications by foreigners is
almost as many as the number |]_1f Japanese
researchers. It is expected that innovative
breakthroughs in biotechnology which will
impact greatly on society will be reflected in new
patents in the future.

(2) Patent Application and Registration Inside
and Outside Japan

In Japan, the number of applications to the
patent authority is extremely large, compared
with applications in other developed countries
to their own patent authorities, but the number
of registrations is very small (Figure 1-1-23).
While Japan’s total number of applications is the
largest in the world, the number of applications
by Japanese to patent authorities outside the
country is the third largest, following those by
Americans and Germans.

Japanese applicants submit overseas patent
applications mostly to the US, followed by
Germany, the UK, France, and Korea. Japanese
are filing more applications to the Korean patent
authority than are Koreans.

Patent registrations consist mostly of a
country’s own applicants in major countries, but
the percentage of Japanese in Japan accounts for
nearly 90% (Figure 1-1-24). The percentage of
patents registered by Japanese in the US has been

9.4% as% 4%
52.5% NN A A%
i e
us ~] |Others
us Gammny] UK
France
15.086 23.6% 240% 11.4%6.2% 19.8%
Euopean | // SRRRanRR
: i - :Othars
Patent Office e é e e
—
Japan s Gemany France L
86.7%
e ;
e ;
dapan |
-
Japan

Figure 1-1-24, Patent registration by countries at selected patent authorities

Source: NISTEP: "Japanese S&T Indicator System”
Citation: Patent Agency: "Patent Agency Yearbook, 1989"
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increasing year by year. In 1990, five Japanese
companies were among the top ten companies
registering the largest number of patents in the
US.

The number of citations of a registered patent
(the number of times a registered patent is cited
during examination of a subsequent patent
application) indicates the importance of that
patent. Figure 1-1-25 indicates the share of cited
patents and share of patent registrations in the
US. Both percentages are largest for US-authored
patents, but the US relative citation ratio
(percentage of citations divided by percentage of
patent registrations) has been decreasing. On the
other hand, Japan's relative citation ratio has
been rising, indicating that Japanese-authored
patents are increasing in importance.

Compared with the number of Japanese patent
applications and registrations to foreign
authorities, those by non-lapanese to the
Japanese patent authority are much fewer.

1.1.21.2.5. Trade in Technology and in
High-Technology Products

(1) Technology Trade

Technology trade within the OECD (in the
forms of transier of rights, patent license, etc.)
has been increasing among all the member
countries and regions (Figure 1-1-26). Only in
the US case technology exports exceed imports
and other countries’ technology imports exceed
exports. Japan's technology trade balance
(export/import) is improving gradually (refer to
Appendix 11).

Among selected countries, the US has a
significant technology trade surplus. Japan has
a technology trade surplus only with the UK
(Table 1-1-27).

Analyzing technology trade by region, Japan
has a deficit in relation to North America and
Europe, and a surplus with Asian and Oceania

Tﬂ ..........i .......... r .......... ;'_....
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Patent registrations share (%)
Figure 11-25. Changes in relative frequency of citation of registered patents in the US, 1975-1986

Source: NISTEP: "Japanese S&T Indicator System”

Citation: Computer Haorizons, Inc., "Science & Engineering Literature Data Base, 1989"
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Figure 1-1-26. Expansion of trade in technology among Japan, US and Europe

Note: Figures shown are the ratios of value of exports in technology trade in 1989 to those in 1984 (dollar

based comparison).
Source: Management and Coordination Agency, the Statistics Bureau: "Report on the Survey of Research

and Development”
US Department of Commerce: "Survey of Current Business”

Table 1-1-27. Technology Trade Balance among Selected Countries

Trade
\\parmr:r
i) Japan us Germany | France UK
Country
{Yeary
Japan 0.5l 0.56 0.23 1.84
(1989)
LS 336 4.31 6.89 2.82
(1990}
Germany 1.36 032 0.85 057
(1990)
France . 0.20 0.98 2.08
(1989
UK - 0.53 - -
{1988) !

Notes: 1. Reading across, each figure indicates the technology trade balance (exports/imports) of the
country with its trade partners. Thus Japan, in 1989, exported considerably more technology to
the UK than it imported from the UK.

2.US as trade partner of France and UK includes Canada.
Source: Statistics of each country compiled by Science and Technology Agency.
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W00 mllion

Figure 1-1-28. Japan's technology trade with world (FY1989)

Compilation: Science and Technology Agency
Source: Management and Coordination Agency, the Statistics Bureauw: "Report on the Survey of Research

and Development”
France
(Yeary  Japan U Germany I UK Others
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Figure 1-1-29. Export of high-tech products by selected countries

Note: High-tech products: aesrospace, office computers, electronics & components, drugs, electrical
machinery.
Source: US National Science Board "Science & Engineering Indicators (1989)"
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countries. Analysis by industry types illustrates
characteristics of each country/region’s techno-
logical strength. In order of amounts, Japan
exports motor vehicles, communication and
electronics equipment and drugs & medicines to
North America. In reverse, Japan imports from
North America communication and electronics
equipment, transport equipment, and general
machinery. To Europe, Japan exports communi-
cation and electronics
followed by iron and steel, and drugs &
medicines. Japan imports from Europe mostly
communication and electronics equipment, then

equipment mostly,

drugs and medicines and electric machinery
technology (equipment and supplies). While
Japun exports advanced lm:hnoh}g}- such as
electronics to developed countries, steel and
chemical/textile technology is an important
portion of its export to dr:\'ﬂiup'lllg couniries

(Figure 1-1-28).

(2) Trade in High-Tech Products

The value of the worlds’ high-tech product
trade has been increasi ng. Japun is the world’s
largest exporter of such products, reflecting its

Export/Import
&

5 4

high level of manufacturing technology. While
Japan’s percentage of the world's exports of
high-tech products has been rising, that of the
US has been declining (Figure 1-1-29).
Comparing trade balances of major countries for
high-tech products in 1987, Japan had the largest
trade surplus, 5.1 times imports in value among
selected countries. While Germany had a slight
trade surplus, high-tech trade is almost balanced
in France, the UK and the US, (Figure 1-1-30).
The growing ratio of high-tech products trade as
a portion of total trade can cause increasing
international exchange of lcchnnlog:.r. However,
it is necessary to carefully watch this trend
because such flows of technology could
eventually create tensions between countries.

1.1.2.2. International Exchange within Gov-
ernmental Policy Enforcement

1.1.2.2.1. International Exchange of Research-
ers
Japanese researchers dispatched overseas from
national research institutes almost doubled
during the period FY1984 to FY1989, from 1,156
Hi-tech produets

2] Mediumn-toch products
s Low-tech products

Figure 1-1-30. Products trade balance by technological intensity

Note: The OECD categorizes products as follows. "Hi-tech products” . aerospace, office machines,
-:unp_utars, electronics & components, drugs and electric machinery.
Medium-tech products™ automaobiles, chemical, other non-electrical machinery, rubber, plastic,

non-ferrous metals, other transport machineries.

“Low-tech” :others.
Source: OECD Statistics
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to 2,303. In the same period, foreign researchers
visiting Japanese national research institutes
increased from 217 to 622, almost 2.9 times
(Figure 1-1-31).

The ratio of outgoing to incoming researchers,
was 5.3 in FY1984 but dropped to 3.7 in FY1989.

Persons

15004
1000 +

500 ~

4]
Acceptance
1084 85 B8

This was a considerable improvement and
reflected the results of efforts to accept more
f:m—:lgn

institutes.

researchers to national research

Besearchers from academic institutions who
were dispatched overseas through programs

| | Developing Gountries

Devaloped Countries

Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch
Accepta
e

Acceptance
Acceptanca Acceptance
ar 83 82 Fiscal year

Figure 1-1-31. Exchange of researchers at national research institutes

Source: Science and Technology Agency

Persons
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Figure 1-1-32. Exchange of researchers by programs supported by the Ministry of Education

Source: Ministry of Education
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{1} Exchange of researchers (including short-term visits)
1,966 persons
(B: 119, U:1,847)

JAPAMN

(2) Exchange or researchers (over a month's visit)

657 persons
{H:S&U:Eﬂ?}_ ’
e =

!.J.iimﬁ
|t

'ﬁl.l.fﬁ'ni

it -: ::1':"!'.]-‘
. IS lu‘g

b e ll..'

Figure 1-1-33. Exchange of researchers between Japan and the US at Japanese
national research institutes and national universities/colleges

Mote: B = Mational Ressarch Institutes
U = National Universities and Colleges

Source: Science and Technology Agency, Ministry of Education

related to the Ministry of Education increased
from 3,421 in FY1984 to 6.651 in FY1989, an
increase of 1.9 times. During the same period,
foreign
institutions increased 1.7 times, from 2,066 to
3,537 (Figure 1.1-32),

As  these international
exchange of researchers has been expanding
steadily. The number of foreign researchers
into  Japan has been
considerably in recent years, but at the same

researchers  accepted by academic

indicate,

figures

coming increasing
time, the number of Japanese researchers visiting
other countries is rapidly increasing, resulting
in the number of outhound researchers still
number coming in. The
destinations of Japanese researchers are mostly
developed countries, the US in particular. Many
come to Japan from China and other developing
countries, but the number of researchers from
developed countries also has been increasing
these years.

L'Xl::'r.d]'ru:_[ the

While a large number of Japanese researchers
visit overseas, many of them stay only for a short
term, for instance to attend academic meetings
and conferences. It thus would be useful to
consider the number of researchers who stayed

28 4

overseas for a prolonged length of time.
Regarding the Japan -US researcher exchange
based on Japanese public research institutions,
in FY1989 1,966 American researchers were
received by Japanese national universities
(1.847) and national research institutes (119),
and 10,461 Japanese researchers (9,657 from
national universities, 804 from national research
institutes) were dispatched overseas. This
resulted inan outgoing-incoming ratio of 5.3 (5.2
at national universities and 6.8 at national
research institutes). Taking into account only
stay longer than a month, there were 657
American (607 at national universities and 50 at
national research institutes) and 1,574 Japanese
researchers (1,457 from national universities and
L7 from national research institutes), making
that ratio 2.4 (2.4 at national universities and 2.3
at national research institutes). This ratio is a
much more balanced one in comparison with the
ratio of 13.2 between outgoing and incoming
researchers according to the emigration and
immigration statistics. It is more indicative of
Japan’s efforts to provide increasing oppor-
tunities for research in Japan (Figure 1-1- 33).
In recent years, the government has placed

Science and Technology Agency
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increasing importance on enhancing interna-
tional exchange, especially increasing
invitations to foreign researchers. The Science
and Technology Agency, the Ministry of
Education, and MITI initiated their respective
fellowship programs in FY1988 (Figure 1-1-34).

Also, in FY1990, the Summer Institute

on

Program was launched to provide American
graduate students in natural sciences with the
chance of a two-month stay in Japanese national
research institutes to conduct research with
Japanese scientists. In FY1990, 25 Americans
participated in the program. In FY1991, the
participants numbered 49, several of whom were

Table 1-1-34. Outline of major fellowship programs

Mame of fellowship Field Period Mumber of awardees
(FY1991 budget)
Science and Technology Science and & monihs- LE0
Agency Technology 2 years
Fellowship program
Japan Society for the Matural scicnces, | year 175
Promotion of Science Sncial sciences,
Postdoctoral Fellowship for | and humanities
Foreign Researchers
Agency of Indusirial Matwral sciences I year 14
Science and Technology (industrial
International Research technology )
Exchange Program
(persons) (%)
8000+ 25
7000 2
g 20 £
ﬁ G000 e B &
Enagi ; : Health
E Agricultural e S lﬂm 'E
E 30004  sciences .' - -T Agricultiral= 15 E
3 | ey _ErlancE§ = -E’
2 I i
3000 L=
g %001 [ ;
z g
-5 ﬁ
- &
Phrsmal"
W’Emema& 0

80

Figure 1-1-35. Number of foreign students at graduate schools (physical
sciences, engineering, agricultural sciences, health)

Source: Ministry of Education
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accepted by private research institutes,

The total number of foreign students studying
at Japanese public and private graduate schools
(in the fields of physical sciences, engineering,
agricultural sciences, health) increased from
3.111 in FY1985 to 6,470 in FY1990, a 2.1-fold
growth in five years. Agricultural sciences had
the greatest growth in ratio of foreign students,
from 10.7% in FY1985 to 18.9% in FY1990. In
the field of engineering, the ratio of foreign
students reached 11.1% in FY1990 (Figure
1-1-35).

(1) Law for Facilitating Governmental Research
Exchange

In order to promote exchanges of researchers
in  national institutes  with their
counterparts in Japanese private, academic, and
public research organizations and overseas, the
Law for Facilitating Governmental Research
Exchange was enacted in May 1986. This enabled
assignment of foreign researchers as government
researchers at positions as high as research

research

division manager or research section managers,
This law also encourages participation in
research meetings, and enables free or low-cost
use of intellectual property right patents and
waiver of compensation claims resulting from
international joint research activities.

As of July 1991, nine foreign researchers have
been assigned as government researchers under
the provision of this law. This law also authorized
government researchers lemporary exemption
from their duties in order to participate in
research conferences. As of 1 January 1991, a
total of 11,568 researchers got permission under
this provision (2,867 researchers overseas and
8,701 domestic).

1.1.2.2.2. International Collaborative Research

11.2.2.2.1. International Collaborative Research
Programs Proposed by Japan

(1) Human Frontier Science Program

G_D i

At the Venice Economic Summit in 1987,
Japan proposed the Human Frontier Science
Program (HFSP) which promotes basic research
on elucidating the sophisticated and complex
mechanisms of living organisms. The Inter-
national HFSP  Organization (HFSPO) was
established in France in 1989 as the program’s
operating body.

The program includes: research grants (grants
for basic research carried out by international
joint research teams); fellowships (fellowships
for researchers who wish to do research in foreign
countries); and workshops (subsidies for
international workshops). According to the
March 1991 announcement of the HFSPO on
recipients of second year (FY1990) grants,
research grants were provided to 139 people for
32 themes, and long term fellowships were
awarded to 90 people. Among Japanese, US, and
European researchers who received long-term
tellowship, 32 European researchers wished to do
research in the US or Canada, and 20 Japanese
also wished to work in the US or Canada followed
by thirteen US/Canadian researchers wishing to
go to Europe. Only two Europeans wished to
work in Japaﬂ (Figure 1-1-36),

(2) International Joint Research by the Research
Development Corporation of Japan
International joint research conducted by
government research institutes, academia, and
industry with overseas research organizations is
expected to produce high level results which can
not be achieved by single institute. Such efforts
thus should be very useful for hoth Japan and
other participating countries, International joint
research by the Research Development
Corporation of Japan (JRDC) combines Japanese
strength with that of other countries to pursue
integrated research activities toward the crea-
tion of innovative science and technology.
Publications resulting from successful achieve-
ment will contribute to the world, promoting
more vigorous international exchange, and
boosting further advancement of science and

Science and Technology Agency
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Figure 1-1-36. Flow of awardees (HFSP Long-term Fellowship)

Note: Excluding areas other than Japan, Europe and US/Canada Figures are those of FY1990

Source: International HFSP Organization

technology.

(3) Intelligent Manufacturing System (IMS)
The IMS project aims to develop a high level,
next generation, manufar.luring system which
will flexibly integrate and operate the whole of
corporate activities -- from order placing to
design, manufacturing, and distribution - by
interfacing man and intelligent machines,
leading to increased productivity. This system
will be developed through collaborative efforts
by researchers in various developed countries
such as in the US, Europe, and Japan. In FY 1991,
leading researchers from various countries will
conduct feasibility studies related to the project.

11.2.2.2.2. International Joint Research at
National Research Institutes and Academic
Institutions

The Special Coordination Fund for Promoting
Science and Technology was initiated in FY 1981
as a financial resource to implement important
research activities necessary for science and

technology promotion & coordination. This fund
is operated according to the policy set forth by
the Prime Mimister's Council for Science and
Technology, the supreme advisory body on
science and technology policy in Japan. Through
this fund, international joint research activities
(in the forms of Comprehensive Joint Research,
Basic Research Core System, Bilateral Inter-
national Joint Research, etc.) have been con-
ducted mainly at national research institutes.
Utilizing this fund, the International Workshop
Support Program (STA Workshop) which started
in FY1991 Supports wurks}mps where Japanese
and foreign researchers can directly com-
municate with each other in specific fields
(Figure 1-1-37).

Ministries and Agencies also have their own
international joint research programs. The
Ministry of Health and Welfare has been
involved in joint research with the US on the
spreading of diseases in Asia; the Ministry of
Agriculture, Forestry, and Fishery's Tropical
Agriculture Research Center has been studying
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Table 1-1-37. International exchange of research activities through special
coordination funds for promoting science and technology (SCF).

MName of Year of Ouiline Aclivity patera Humber of
program imitiation projecis
Comprehensive FY1981 This research sysiem exisis
Joiar Rescarch through organic lics among R 33 (incl. 9
indusiries, the government and N i P international
academia, and is weighicd in favor ¢ il o i joini research
of the basic and advanced scicnce | projecis)
and technology liclds. e
1 [ e rimance m;ﬂ

—

Encouragement FY 1985 This system ereates s¢eds for 206 (inel ---46
ol Basig inmovative techaologies al national 4 sman for iaviting
Research rescarch institwtes i foreign

FEIARGER  MAROALRS. researchers, and
94 for

PiaTa T oot dispatching

FisEE L IR, TSR

ST R oty u:tln:l:_ﬂ:i ta
imrernational
research
meetiags)

Bilateral FY 1987 This system promotes reseanch a0
International cosperation on the basis of
Joint Research international commiiments an pifoss i S
povernment level. T
.' LT O AR
& SlnndnT

Basic Rescarch FY 19088 This sysiem promotes fuadamenial 24
Core System researeh in natlonal pescarch
- | ¥ B R T S AT TR
institetes by patheriag rescarchers pr T =
inter-ministerially and el

Sl R AT R e
] = " Al e FRTATL
m[nlnlmn:lly 1o one aahiossl i@
fesearch insti and i B FEEHAACH: WaTTRO
E13 ] ileie and epabling
fescarchers to give full scope Lo

their trailhlaz ing studies.

Intzrmarional FY 1991 Thiz programs was established 1o
Workshop finance inleraalional workshops,
Suppor where rescarchers and government
Program (STA olficers cichampe wiews on niutual e
Warkshop) aeeds and rescarch trends and ki b
discuss ways of conperalion, :,:_::: e
thus promoling imternatiosal et L s

fescarch exchamge.
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Table 1-1-38. Major international joint research projects at academic institutions

Scheme Qutline
International joint research Participation by US team in the Tristan
based on an Experiment Project of the National
intergovernmental Lakoratory for High Energy Physics, joint
caoperation agreement experiments at CERM, participation in

ODP (Ocean Drilling Program) for the
purpose of elucidaling the sea boltom crust
structure using the JOIDES Resolution,
participation by UK & US in x-ray
astronomic observations using the
scientific salellite "Ginga™ of the Instituie
ol Space and Astronaulical Science.

International joint research Promotes international research activities
supported by the on a global scale, such as earth science
International Council of projects, which need collection and
Scientific Unions analysis of data on a large scale. Examples

are ohservation of the antarctic region,
WOCRP (World Climate Research Program)
and IGEP (International Geosphere-
Biosphere Program).

International joint research Multinational programs are being

through UNESCO implemented in Marine science,
environment science and other areas in an
effort 1o elucidate various problems
common (0 mankind. Examples are 100
(Internutional Oceanographic Commission)
and MAB (International Coordinating
Coungil of the program on Man and the

Biosphere).
International joint research Scientific investigations, joint research,
through the Research Grant inter-university collaborative research, and
Program "lnternational special siudies on cancer fall under this
Scientific Research.® category.
International joint rescarch Besides assisting international joint
through the Japan Society rescarch programs, J5PS implemenis
For the Promotion of Science | bilateral programs such as Japan-USs
(1S5 scientific cooperalion activities. With

ASEAN countries, key universities are set
hoth in the pariner country and in Japan
for cach project, und exchanges are
implemenied between these centers. There
are also large-scale collaborative research

projecis
the agricultural and livestock industry in analysis of the movement of the earth’s crustal
tropical and sub-tropical regions. MITI's  plate via the VLBI observation system has been
Institute for Transfer of Industrial Technology conducted at the Ministry of Posts and Telecom-
(ITIT) focuses on mining engineering tech- munications’ Communications Research Labora-
nology transfer with developing countries. An tory (CRL).
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At Academie institutes, international joint
research programs have been conducted actively
through bilateral cooperation agreements he-
tween governments, programs of the [CSU and
UNESCO, Grants-in-Aid for Scientific Research
{International  Secientific Research) of the
Ministry of Education, and programs of the
Japan Society for the Promotion of Science
(Table 1-1-38).

1.1.2.2.2.3. Participation by Foreign Research-
ers in Japan's Basic Research Programs

The Exploratory Research for Advanced
Technology (ERATO) of the JRDC is a new
“scientist-oriented” system with the goals of
making the most of the advanced ideas coming
from researchers in Japanese indust ry. academia,
government, and from overseas participants;
creating from basic research new ideas which
would lead to new directions in science and
technology in the future; and encouraging the
growth of technological innovation. Foreign
participants are well-represented in this system --
70 researchers from 21 countries as of July 1991,
accounting for 14% of the total participants.

The Frontier Research Program was initiated
at RIKEN, the Institute of Physical and
Chemical Research, in 1986 to invite researchers
from a wide range of scientific fields under an
internationally open and flexible system bevond
the framework of traditional research systems in
order to generate valuable scientific insighis
which will help form the basis of engineering

innovation toward the 21st century. As of July
1991, research is conducted in four areas by 14
research teams which include 34 foreign
researchers from 15 countries. These foreign
researchers account for 16% of the total numher
of researchers.

The New Energy and Industrial Technology
Development Organization provides funding for
research activities by international research
teams consisting of more than 4 researchers from
more than two countries. From FY1988 to 1990,
funds were provided to 18 research projects,
involving a total of 93 researchers (including 50
foreign researchers from 7 countries).

1.1.2.2.2.4. Participation by Overseas Private
Companies in Japanese R&D Projects

MITT's Research and Development Program
on Basic Technologies for Future Industries
takes up fundamental and innovative research
themes in basic technology. These themes are
essential to establish the next generation of
industry. They require an early start on R&D,
and high risks may be involved. Foreign
companies are participating in projects such
as  "Non-linear Photonies Materials” and
"Molecular Assemblies for a Funetional Protein
S}'SIEIII”.

MITI’s National Research and Development
Program (Large-Scale Project) provides funds for
joint R&D by researchers in various sectors for
innovative and advanced large industrial
technology which is determined to be important

Table 1-1-39. Participation by countries in IEA's R&D cooperation Agreements

Japin s Sweden Canada UK Mether- Germany Swizer-
lands land
Number of
agreements for 24 33 27 25 20 20 L8 17
participation

Source: OECD, IEA, COMMITTEE ON ENERGY RESEARCH AND

DEVELOPMENT,
1987 - 1890"

"Progress in Energy R&D Collaboration and FPolicy issuas:

Science and Technology Agency
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and urgently required for the national economy.
Four overseas private companies are taking part
of one of these projects, "Super/Hyper-sonic
Transport Propulsion System”. [t is expected that
more overseas private companies will participate
in these kinds of Japanese R&D projects in the
future.

1.1.2.2.3. Establishment of Overseas Research
Facilities

One of the oldest Japanese overseas research
facilities is the Showa Base in Antarctica,
established in 1957. At this base., research
activities, such as observing the aurora and

conducting bionomic studies of marine life, have
been conducted since then.

The National Astronomical Observatory of the
Ministry of Education started in FY1991 the
construction of a large infrared optical telescope
in Hawaii.

Through the International Research Exchange
Programs, JRDC launched an international joint
research project on the “atom arrangement-
design and control for new materials™ in FY1989
at the University of Cambridge and the Imperial
College of Science, Technology and Medicine,
University of London. Another project on
"microbial evolution™ started in FY1990 at

Table 1-1-40. Financial and personnel contributions to international organizations

UNESCO WHO IAEA iTU
e pc. f.c. pic. [ p-c. [ p.c.
1990.-9] July 1940-9] el 19490 Jan. 1991
194940 1990 1990
Japan (1) (67 (2) () (3} (8}
11.25% 21 11.17% 2 11.689% 20 7. 1% 7
Usited States (2) (1) (1) (1) (1) (3)
48 25.00% 174 25,935 104 1.0 2d
Upited Kingdom (53 2y (3 (4}
- 26 4. 77 % 68 4.99% 44 1% 20
USSR (2} (3) (3} {4} (2] ()
L a7 O R0 55 L1.80% 59 T.1%
Germany () {43 (4) {3} (3 ()
T.99% 3 Q9% 36 B.0% 40 T.1%
France (43 (B (%) (2} (5) (5) (1
6 15% 53 6,1 3% 68 6.42% 7 T.1% 60
Italy (5
394% 16y 391% 20 4. 10% .=
Tndia (%)
10 32 20
Switzerland (2)
LO7T% - - a3

Note: 1. f.c.: financial contribution (budgetary contribution in percentage)

2. p.c.: personnel contribution (number of staff members)

3. 0:ranking

Source: Science and Technology Agency
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Figure 1-1-41. DAC countries’ ODA (1989)

Note: Figure of France includes Department/Territories d'Outre-Mer
Source: Ministry of Foreign Affairs: "Japan's ODA"

Citation: DAC reports

Michigan State University in the US.

1.1.2.2.4. Cooperation with International Organ-
izations

Japan has been one of the more active
participants in international cooperation projects
of the International Energy Agency (IEA), along
with the US, Sweden, and Canada (Table 1-1-39).
Although this reflects the importance of the
energy issue for Japan, it shows Japan’s positive
attitude toward the development of energy
technology
exchange.

through  active international

While Japan’s monetary contribution to
international organizations is sizable (e.g., Japan
is the largest contributor to UNESCO), its
personnel contributions remain at a low level
(Table 1-1-40). For example, Japan provides 129,
the third largest share, of funds to the IAEA, yet

provides only about 3%, the 8th largest share,

36

of personnel to that organization, One reason for
this may be the language barrier, and another
may be that the required period of assignment
at these international organizations is longer
than the normal assignment pattern within
Japan. In order for Japan to expand its personnel
contribution te international organizations, it is
necessary to study further personnel administra-
tion and the treatment received upon return by
those dispatched overseas.

1.1.2.2.5. Cooperation with Developing Coun-
tries through ODA

The Japanese government is committed to
expanding its Official Development Assistance
(ODA). The Cabinet approved in June 1988 the
tourth set of medium-term ODA goals. These
include increasing the percentage of ODA
vis-a-vis GNP, expanding grants-in-aid toward
the LLDCs, and encouraging technological

Science and Technology Agency
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Figure 1-1-42. QDA technical assistance by DAC countries (1988)

Source: Ministry of Foreign Affairs: "Japan's ODA"

Citation: DAC reports

cooperation.

Japan has been taking steps to achieve these
medium-term goals, and its total amount of
assistance became the world’s largest in 1989
(Figure 1-1-41). Japan’s technical assistance
excluding monetary assistance ranks the 4th
(Figure 1-1-42),

1.1.2.3. Activities of Private Companies

11.2.31. Domestic and International R&D
Activities by Japanese Private Companies

11.2.3.1.1. Establishment of R&D Facilities
Overseas
(1) Scales

When globalizing their business activities,
Japanese companies first began by establishing
bases for sales activities, followed by those for
production. In recent years, they have been

setting up overseas facilities dedicated to
research and development.

The Science
conducted "the Survey on Private Enterprises’
Research and Development” in June 1991
(hereinafter referred to as the "Survey on private
enterprises’ R&D); the number of companies
surveyed was 1,301, of which 850 responded.
According to the survey, Japanese companies
have a total of 276 overseas R&D facilities; 14%
of the respondent companies have such overseas
facilities. By capital size, 17% of companies with
capital of over 10 billion yen but less than 50
billion yen already have such centers overseas,
compared with 8% of those having capital of less
than 10 billion yen. Nearly half of those
companies with capital of more than 50 billion
yen have overseas R&D facilities (Figure 1-1-43).
Those companies not having overseas facilities

and Technology

Agency

gave two principal reasons - R&D facilities
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within Japan are sufficient for them, and they
cannot afford the cost of establishing R&D
operations. By region, the largest number of
Japanese companies’ research facilities are
located in the US, followed by Western Europe.

After 1985, the number of these facilities
increased sharply; accordingly they were built in
a variety of countries/regions, In coming years,
companies plan to establish R&D facilities in
Western  Europe, taking into account the

60
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Figure 1-1-43. Percentage of private corporations having overseas R&D facilities

Source: Science and Technology Agency:
(FY1991)"
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Figure 1-1-45. Total number of R&D personnel employed in overseas R&D facilities per company

Source: Science and Technology Agency: “Survey on Private Enterprises’ Research and Development

(FY1991)"

forming of the single market there (Figure
1-1-44).

On average, each Japanese company has
altogether between 20 and 49 researchers
working at overseas R&D facilities. Compared
with the figure 5 years ago when a majority of
companies had 1 to 4 researchers overseas, the
number of researchers working at their overseas
R&D facilities has been increasing steadily.
According to their plans, within five years more
companies will average 20 to 99 researchers
(Figure 1.1-45). As for the nationalities of
researchers employed at these overseas R&D
currently, foreigners outnumber
Japanese. This is a sharp increase in foreigners
compared with five years ago when the ratio of
foreign and Japanese researchers were almost the
same. Most of these companies plan to increase
foreign researchers, i.e., hardly any company is
planning to have more Japanese than foreigners
in its overseas R&D facilities five years from
now. This indicates that R&D activities overseas
will be conducted mainly by foreign researchers
in the future (Figure 1-1-46). The survey results
show that the number of R&D facilities of
Japanese private companies have been increasing
rapidly in recent years. Consequently, employ-

facilities

ment of foreign researchers has been increasing.
As mentioned in more detail in Chapter 2,
through  appropriate  measures, such as
publishing the results of company research
activities, consideration should be given for
preventing the misunderstanding that Japanese
companies are monopolizing talented people
overseas for their own sake. The initiative which
Japanese companies have
establishing overseas research facilities contrasts
with that of foreign companies which take longer
to establish their research facilities in Japan.

displayed by

(2) Objectives of Establishing R&D Facilities
Overseas

Japanese companies with R&D facilities
overseas have the following four points as their
objectives:
* To upgrade already existing productional
facilities  (strengthening  links  between
production and research activities);
+: To meet specific needs overseas, and to
improve products (developing products that meet
local needs);
* To search for the seeds of new technology
{basic research);
* To employ and utilize excellent R&D staff
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Figure 1-1-46. Nationalities of researchers employed in overseas R&D facilities

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development
(FY1891)”

United States
Western Europe
ER Asian NIEs

Percentage of companies
\\\\\\\\\\\\\\\\\\\ﬁ\

{A) To meet the local needs

(B) To upgrade already existing production facilities

(C) To employ and utilize excellent R&D staff

(D) Acquired as part of a company involved in a merger or take over
(E) To search for the seeds of new technology

(F) To cooperate with foreign university and/or company

(G) To stimulate the activity of the whole company

(H) Other reasons

Figure 1-1-47. Motivations of Japanese private corporations for establishing overseas R&D facilities

Note: Multiple response

Source: {S;ﬁ;;:g_and Technology Agency: “Survey on Private Enterprises’ Research and Development
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OVETrsSeas.

R&D for local needs and product improvement
has been the reason cited by most the companies,
indicative of the companies’ policy to meet the
market needs. As for other objectives, companies
expect different effects in different countries. A
large number of companies expect in the US and
West European countries to "search for the seeds
of new technology”. In newly-industrializing
Asian countries, they principally expect "To
upgrade already existing production facilities
(strengthening linkage between production and
research)”, and "to meet overseas needs and
improve products”, but they have less
expectation that these R&D centers will "Search
for the seeds of new technology™ and "employ
excellent R&D staff” (Figure 1-1- 47).

18% of the respondents replied that successful
results have been obtained in conducting
R&D "to meet overseas needs, and to improve
products”. This indicates that their programs for

(]
w-_
80 75 725
70 {18
60- .
2
wdl | |
dl.’l- %-ﬂ
30 pei
a0l UM
i
10+ |
&
0

(A) (Bl (cl )

(A) Development of products meeting local market
(B) Research for higher production efficiency
(C) Development of core technology

(D) Research for meeting local rules and regulations

(E) Basic research
(F) Others

developing products meeting local needs have
not yet progressed smoothly. 27% replied that
they had achieved some successful results in
“upgrading  already  existing
facilities”. Regarding the employment of skilled
R&D staff, results have not been favorable with
only 5% replying positively. This illustrates that
Japanese companies are facing difficulties in

production

employing personnel who meet their standards
both inside and outside Japan.

(3) Contents of Research Activities at Overseas
R&D Facilities

The contents of research activities at overseas
R&D facilities are closely connected to the
reasons these facilities were established, In most
cases, research activities are dedicated primarily
to "Developing products for local markets™, and
secondly to "Improving production efficiency™.
Efforts to "develop core technologies” are not
very active, reflecting the fact that such efforts

77 Present
E7]5 years from now

(E} iF

Figure 1-1-48. Nature of research at overseas R&D facilities of Japanese private corporations

Note: Multiple response

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(Fy1981)°
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by companies are mainly made in Japan.
However, in planning for 5 years from now, more
companies responded that their overseas R&D
tacilities will "Develop core technologies™” than
they will "Improve production efficiency”. The
percentage of companies conducting “basic
research”™ overseas is small, and most of them
foresee no change in this (Figure 1-1-48).

(4) Management of Research Activities at
Overseas Research Facilities

Issues in managing overseas R&D activities
differ depending on when and where the facility
was established. Poor communication and
linkage between overseas R&D facilities and
their Japanese headquarters or between facilities
and overseas production sites were mentioned as
the problem R&D  facilities were
established in Europe and America or Asia, but
they are less serious at present. Many companies
do not foresee these as problems in the future.
Frictions due to "local government regulations
and institutions” which also were regarded as a
problem in the past when R&D facilities were
established in Asia have been subsiding in recent
years. "Difficulties in recruiting R&D staff” is
considered one of the serious present and future
problems by companies having facilities in Asia.
Possible future issues commonly referred to by
companies having overseas facilities in US,
Europe, and Asia are; "R&D efficiency leading
to successful results”, and "handling of
intellectual property rights” (Figure 1-1-49).

when

(5) Joint Activities with Local Research
Organizations

8376 of Japanese companies’ overseas research
facilities are conducting joint research activities
with universities/colleges, companies, or with
government organizations in the locality. On the
average, each company has two ongoing
collaborative research projects, doubling the
average of 5 years ago. This indicates that
Japanese companies are positively inclined

toward joint research activities with OVErseas

F

42

local researchers.

(6} Cooperation with Universities/Colleges
Japanese private companies have been active
in cooperative programs with Japanese and with
foreign universities and colleges. The total
amount of donations and contracted research
funds provided by these companies to Japanese
universities/colleges is much larger than that
provided to foreign institutions. 24% of the
respondent companies replied that they have
provided funds to foreign institutions. The total
amount of funds from one company is in most
cases from 10 million to 100 million yen, either
to domestic or to foreign institutions. The
amount of funds by companies having capital of
10 million yen or more is larger than that by
companies capitalized with less than 10 million
yen (Figure 1-1-50). It is expected that joint
research activities with overseas universities/
colleges will increase as private companies
pursue the globalization of R&D, and as
opportunities  for exchanges with overseas
universities/colleges increase.

11.2.3.1.2. Technology Transfer by Private
Companies

64%  of respondent  companies  have
experiences in technology trade, i.e., export or
import of technology in forms of patent license
transfer of know- how and technology guidance
etc. 369 of the companies are involved in both
technology export and import, indicating their
positive attitude toward providing and accepting
technology across international borders. 70% of
the exporters replied either that their importers
are not their overseas subsidiaries, or that
non-subsidiary importers outnumbered their
subsidiaries. This indicates that companies are
active in overseas technology transfer and are not
limiting their trade partners to their own
subsidiaries (Figure 1-1-51).
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{ D Insufficient general strategy of the company

{E )Linkage and communication with production side
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Figure 1-1-49. Problems of research management at R&D facilities of Japanese
private corporations in the US, Europe and Asia

Note: Multiple responses
Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY19g1)"
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Figure 1-1-50. Flow of R&D funds from Japanese private corporations to universities/colleges in FY1990

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development
(FY13981)"
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Figure 1-1-51. Technology export partners of private corporations

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development
(FY1991)"
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1.1.2.3.1.3. Technology Transfer to Developing
Countries

Technology transfer encourages the narrow-
ing of the economic gap between countries in the
north and the south. Developing countries have
been seeking Japanese technology to help launch
their takeoff for economic prosperity. Techno-
logy transfer from Japan to Korea has increased
sharply; transfers to Thailand, Taiwan, Singa-
pore, and Malaysia also have been rising.
Transfers to Indonesia have leveled off, and
technology transfer to China has been decreasing
after peaking in 1984. Transfer to the Philippines
has not been active so far. So far, vigorous
economic activity is the motivator for the
introduction of technology from Japan (Figure
1-1-52).

Among different forms of technology transfer,
establishing factories results in tangible effects
of such transfer in the shortest term. Direct
investments into developing countries by

(Millions of dollars)
350

300
250 4
220

150

Japanese manufacturing industries have been
increasing; they have centered on establishing
plants and factories for local production. Various
technology and management expertise brought
in by Japanese private companies are expected to
contribute to the development of the local
economy. According to the "Survey on Private
Enterprises’ R&D”, most of the responding
companies regard the newly-industrializing
countries of Asia not as places for R&D itself but
as places for developing products including
production support (Figure 1-1-53). Consequen-
tly, in Asian NIEs, Japanese companies transfer
technology and conduct technological guidance
centering on their production centers.

1.1.2.3.1.4. Employment of Foreign Researchers

According to the Private
Enterprises’ R&D”, employment of foreign
researchers at corporate R&D facilities in Japan
has been increasing rapidly, tripling in the past
three years to a total of 751. However, this figure

"Survey on

—a Korea
====0 Thailand
= === Taiwan
+=—- —+ Singapore
Mt [ndONESIA
=0 China
=== Malaysia
a—-—a Fhilippines

1980 B a2 83 84 85

B6 a7 a8 89

Figure 1-1-52. Trends in technology exports by Japan to neighboring countries (area)

Source: Management and Coordination Agency, the Statistics Bureau: "Report on the Survey of Research

and Development”
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is still smaller than the total number of
respandenls. This number is also far less than 1%
of researchers in the companies. Companies have
different plans for the composition of their
personnel.

If the ratio of foreign researchers continues to
increase, they will impact on the company’s
management of research activities and on its
culture. 40% of responding companies gave
forecasts concerning the ratio of foreign
researchers in 15%
companies replied that they would keep
foreigners in R&D at around 1%, but twenty
companies hope to make this proportion over
10%. This indicates that companies have guite
different  strategy  for
researchers (Figure 1-1-54).

The largest number of foreign researchers
working in Japanese R&D facilities come from
Asian countries, followed by those from Western
Europe and the US. The number of Asian

the future. af  those

Empln}'ing foreign

researchers increased sharply in the past three
years, reflecting the fact that students at Japan-
ese universities/colleges continue to stay in
Japan to work for Japanese companies after
completing their studies (Figure 1-1-35).

The most important reason Japanese com-
panies employ foreign researchers at their
domestic R&D facilities is to "secure manpower”,
reflecting the shortage of researchers in Japan.
The second reason is to pursue higher quality of
research activities, as indicated from replies;
“development of new technology stimulated by
different ways of thinking by foreign research-
ers’, and "breakthrough which cannot be
expected from Japanese researchers” (Figure
1-1-56). However, few companies replied that
they are obtaining successful results as they
expected. They will continue in the future to deal
with issues of effective management of foreign
researchers.
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Figure 1-1-55. Foreign R&D personnel employed by private corporations in Japan (by nationality)
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Figure 1-1-56. Reasons to employ foreign researchers at R&D facilities

Note: Multiple responses

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY1981)"

11.2.31.5. Joint Research Activities by
Domestic Japanese Companies with Overseas
Institutions

Currently, 35% of Japanese companies are
conducting joint research activities with overseas
1 niversiliusfcrullcgcs, companies and govern-
ment organizations. While the average number
of such collaborations per company is 5, both the
number of companies involved and the number
of collaborations are much larger than they were
o years ago, indicating that such joint research
activities are becoming more active.

Companies gave several reasons for imple-
menting such joint efforts. Most important
were, “Searching for original ideas and unique
technology in the particular technological area”,
and  "Shared product
development”, The third reason given was "A

step toward future globalization of the company”
(Figure 1-1- 57).

efforts  for new

1.1.2.3.1.6. Future Prospects

60 percent of Japanese companies intend eager
to develop their R&D activities beyond the
country’s border. 249 of the companies plan to
have their core R&D facilities in Japan, with
overseas complementary R&D activities to meet
the local production technology requirements
and the needs of local markets. 219% of the
companies plan to have a complex approach, i.e.,
to conduct core R&D activities in Japan and
auxiliary activities overseas, but to put more
emphasis on R&D in North America and other
big markets with relatively independent
strategies. In contrast, 34% of the companies are
not planning to expand their R&D activities
overseas (Figure 1-1-58).

Until recently, Japanese private companies
focused on R&D activities within the country.
Effective cooperation among their domestic
research facilities ensured high efficiency in
R&D activities. Lately, companies have been
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Figure 1-1-57. Reasons for domestic R&D facilities conducting
joint research with overseas companies
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Figure 1-1-59. Period of establishment of foreign-affiliated companies in Japan

Source: National Institute of Science and Technology Palicy, STA
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(A) To plan and localize new products meeting host country needs
(B) Japan seen as leader in R&D in my field

(C) To monitor technological developments and activities

(D) Japan seen as leader in production technology in my field

(E) To conduct strategic analysis of competitors

(F) Existence of outstanding engineering personnel

(G) Existence of outstanding research personnel

(H) To upgrade already existing production facilities

( 1 ) Japanese government incentives

Figure 1-1-60. Reasons foreign-affiliated companies conduct R&D in Japan

Source: National Institute of Science and Technology Policy, STA
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active in establishing research facilities overseas,
Their next step is to obtain successful results
from these R&D facilities. They will need to
ensure consistency with the headquarters’
strategies, as well as with other overseas R&D
facilities. Also, as highly qualified researchers
are employed at R&D  facilities,
companies will need to develop effective
management methods for the personnel. The
companies also must ensure that the results
obtained research  activities  will
contribute to the benefit of the local community.

averseas

through

1.1.2.3.2. R&D Activities of Foreign Companies
in Japan

11.2.3.2.1. Background of Foreign Companies

Establishing Research Facilities in Japan
Japanese private companies became in earnest

to establish their B&D facilities overseas after

1985. According to the survey made by the
National Institute of Science and Technology
Policy of the Science and Technology Ageney,
foreign companies first built sales centers in
Japan, then production centers, and R&D
facilities (Figure 1-1-59). They began establish-
ing these R&D facilities in the 1960s, and
increased their numbers gradually since that
time. This is in contrast to Japanese companies
which built their overseas R&D facilities during
a short period of time.

The roles of the foreign companies’ research
centers in Japan are to develop technologies
connected directly to production, and to develop
products which meet local demands. Consequen-
tly, the largest percentage of foreign companies
replied that they established these centers in
Japan, "To plan and localize new products”,
followed by replies; "Japan seen as leader in R&D
in my field”, and "To monitor technological

(A) Proximity to other affiliate-related facilities
(B) Location gives laboratory competitive edge
(C) Ability to attract potential employees

(D) Favorable land prices

(E ) Regional government incentives

( F) Proximity to government research institutes
{G) Proximity to universities

(H) Japanese government incentives

Figure 1-1-61. Reasons foreign affiliated businesses chose present site for their R&D centers

Source: National Institute of Science and Technology Policy, STA
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developments and activities”. This indicates that
foreign companies consider Japan as a desirable
location to conduet R&D activities (Figure
1-1-60). They located their R&D centers close to
their production centers. Land price also was one
of the decisive factors in selecting the locations
of the centers (Figure 1-1-61).

64% of the foreign R&D eenters in Japan have
only Japanese researchers and engineers. This is
related to the aim of centers to develop "Products
which meet the Japanese market”, Their aim of
placing importance on local needs is also seen
when new R&D projects are launched. Although
ideas for these projects are brought mostly from
the researchers, other important factors in
deciding research themes are demands from
customers and feedback from sales and
marketing divisions.

11.2.3.2.2. Problems Faced by Foreign
Companies

Foreign companies with R&D centers in Japan
are faced with problems such as, "Difficulty in
attracting qualified research personal”, "High
cost of establishing R&D operations” and "Patent
office procedures”. The issue of securing high
quality manpower is also a serious issue for
Japanese companies. It is urgent for Japan to
provide sufficient infrastructure including
taking measures to alleviate the problem of high
land prices. As for patents, each country has a
different system. and efforts to achieve greater
consistency and flexibility between the systems
of various countries will be necessary. 80% of
the responding companies, however, reported no
problems with rules and regulations of the
Japanese government (Figure 1-1-62).
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(A) Attracting qualified research personal
(B) High cost of establishing R&D operations
(C) Patent office procedures

(D) Harmonizing research activities with parent company

(E ) Government regulations

Figure 1-1-62. Problems foreign-affiliated companies face in carrying out R&D activities in Japan

Source: National Institute of Science and Technology Policy, STA
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Table 1-1-63. Influence and damage due to global environmental changes

Phenomencn Outline
Global The increasing density of €0, CFCs, methase and aiber gases which
Warming cagse the greenhovse cffcel may warm he entire earth, IF the carrent

lendency conlinues, Ibe average lemperature of the eanh is expecicd o
fise aboul | degree cenligrade by 2025, and the sea level about 20em by
2030, There are concerns aboul warming clfceix, such ax abnormal weather,
damage o agricaliural production asd the ecosystem, and territorial
conditions,

Destruction of

The oxone layer in the siraiosphere is destroyed by iscreasing amounts

the ozone of CFCs, cawsing increases in hazardous ulira-violes rays, resulling in

layer more casces of certain Iypes of skin cancer. Besides being hazardous 1o
humanm healih and the ecosystem, desiraction of the ozone layer wauld
adversely affects global weather.

Acid rain Sullur oxide and nitroges oxide generated by burning of fossil fucl
capse strong acid rain which damages forests and lakes especially in
Earope and Morth America.

Cross-border Ilegal cxporis of harmiul waxies from developed countries m

movemenis of
loxXic wasies

developiag countrics are cagsimg environmental problems,

Marine Pollution of the occans is increasing due 1o oil, foating wasies and
pollution harmful chemical substances.

Decrease in Five bundred thousand o a million wild |ife species are predicied o
ipecies of hecome extinet by 2000 due to destruction of their habiis.

wild life

Decrease aof
iropical
loresis

Slash-and-burn [arming, over-galkering of firewood, conversion of
furests 1o farmland, over-grazing of canle, over-lu mbering of
cammercial wood malcrials are considered 1o be 1he causes of
Lﬁ!iﬂkillg tropicsl [orcs) areas, which become smaller by 1.7

million ha. (hall of laed arca of Japan) cvery year. The decrease inm
tropical foresis codangers developing couniries bases for living and
industry, amd wildlife habitats as well. 1t also causes weaiher changes,
soil erosion, and global warming,

Desectification

Dee 1o over-grazing asd over-collection of Mirewood, deserts are
expandiag by 6 million ha, {equal (v Shikoke and Kyushe combined)
each year. Comecras are damage 1o local residents’ necessities of life
such 3% food aad firewood, 35 well as effects on the weaiker.

Pollution in
developing
countries

Developing counirics already ame facing polivtion problems due 1o
indestrialization and eancentsalion ol popelatios in cities, and need
soletions through inlerusiional cooperation.

1.1.3. New Issues

The previous section mainly analyzed the state
of science and technology in Japan, along with
the development of globalization in scientific
and technological activity.

This section deals with two international
issues  which have become increasingly

important  and which require international
cooperation for solutions - global environment
issues and megascience projects. In doing so, this
section, apart from the domestic viewpoint,
explains that the promotion of science and
technology now must also include the aspects of
international cooperation, and analyzes those
situations.
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1.1.3.1. The Global Environment Issue

Concern about the global environment has
been rising throughout the world in recent years.
People expect science and technology to deal
with various global issues
through observation/surveillance of the environ-
ment, analysis of environmental changes, and

environmental

development of technology to solve various
problems.

1.1.3.1.1. Science and Technology and the Global
Environment

1.1.3.1.1.1. Global Environmental Issues

(Global environmental issues include problems
which affect more than one country and
spreading globally, such as global warming; and
environmental problems in developing countries
which efforts and
developed countries for their solution, such as

require  international
the issue of cross-border transfers of harmful
organic wastes. Table 1-1-63 lists major global
environmental issues, e.g. "Global warming’,
"Destruction of the ozone layer”, and "acid
rain”,

These phenomena could seriously affect our
basic survival. Global warming may cause: (1) a
rise in the sea level; (2) expansion of desert areas;
and (3) variations in rainfall. It has been said that
if the ozone layer is destroyed and the volume
of ozone decreases by 19, the volume of
ultraviolet rays reaching the surface of the earth
will increase by 2%, causing increases in certain
types of skin cancer by 3%. Acid rain has affected
almost half the forests in Germany, the
Netherlands, the UK, Switzerland and Denmark.
According to one report, fish and other aquatic
life in more than 4,000 lakes and ponds in
Sweden also have been suffering damage because
of the effect of acid rain. Additionally, expanding
deserts are said to have affected 230 million
people in 1984.

54

11.3.11.2. Causes of Global Environmental
Issues and Their Relation to Science and
Technology ’

Reports which expressed fear about large scale
changes and deterioration in the global
environment, for example concerning global
warming, were published as early as the end of
19th century. In 1972, the Club of Rome, which
gathers leading personages from around the
world, warned that a deteriorating global
environment would restrict economic growth. In
1980, the US government published the report
titled "Earth of the Year 2000” estimating the
effects of the deteriorating environment in the
coming years - a shocking forecast for the readers
of that time.

Why could those global environmental
problems not prevented, despite warnings by
puhlicatiﬂns? Or, were the glul‘m]
environment problems inevitable?

Some of the causes of global environmental
problems are said to purely natural phenomena
unrelated to artificial effects, such as some of
causes for expansion of deserts. But most of them
result from human activities on the earth, such
as increasing world population, huge energy
along with our increasing
economic activities, and our development and
voluminous use of products which do net
originally exist in nature.

The development of science and technology
enabled the development and use of products
which the earth did not have originally, as well
as the large-scale consumption of energy, thus
accelerating economic expansion. However, such
use of science and technology was directed
toward serving economic goals, and we are now
observing the destruction of our natural
environment as a consequence (Figure 1-1-64).

Depletion of the ozone layer by CFCs, global
warming due to the increase of carbon dioxide
in the atmosphere, and acid rain are caused partly
by the fact that science and technology were
directed primarily to obtain economic benefits

these

consumption

Science and Technology Agency
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(A ) Problems are inevitable, and could not be avoided, regardless of researchers’ consciousness or

warning

(B) Environmental issues are not related to development of science and technology and researchers’

ways of thinking

(C) Use of science and technology was too oriented to economic prosperity, despite researchers’

recognition of the problems

(D) Use of science and technology was too oriented to economic development, because researchers did

not correctly recognize the problems
(E ) Others

Figure 1-1-64. Reasons for not being able to avoid global environmental
problems despite warnings by experts

Source: Science and Technology Agency: "Survey of Hi-tech Researchers and Engineers, FY1281"

without considering environmental costs. Some
argue, however, that these global environmental
problems are the inevitable consequences of
civilization,

Lack of implementing effective counter-
measures to global environmental problems is
attributed partly to the fact that scientific and
technological approaches to these problems have
not been closely connected to political decisions.
Generally, policy makers and public opinion
have reacted only after convincing data - based
on observations or damage surveys - have been
presented. Scientific estimates and forecasts have
not been used effectively to prevent such damage
before it occurs. Actually, countermeasures to
protect ozone layer were taken worldwide, just
after the existence of the ozone hole - the rapid

decrease in the volume of ozone above the south
pole every spring-- was proved at end of 1985,
because the influence on humanity originally
ex}m:ted to occur in the distant future, was
realized as imminent. Efforts will need to be
taken to ensure close linkage between policy
makers and scientists so that the eoncern of the
scientists will be reflected effectively in policy
measures.

11.3.1.2. Future Approaches toward Solving
Global Environmental Problems by Science and
Technology

1.1.3.1.2.1. Scientific Investigation in Global
Environmental Problem
While the global environmental problems are
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Table 1-1-65. Examples of not being elucidated scientifically global environment activities

Item

Details

Circulation of CO,

1t is known that hall ef the carbon diexide generaied by
consumplion of fossil fuel remains in ambient air, bui the
whereabouls of the oiber hall is notl kaown, Possibly, i
is being absarhed by the sea,

Circulation of sca waler

The actual state af large scale ¢irculation of ocean water
5 nol kaown well, espeeially water circulation in the
mediom aad decp layers, aad fuormation of waler mass;
the dynamics of whirlpools in the serface and sub-surface
layers slso are nol knewa well.

Thermal balanee between
land, air and sea

Ambicar air, sea, and land convey heat, and the sea stores
saormous beat. While il is essential to elucidate global
thermal dynamics lo ubizin ksowledge of meteorological
mechanisms, the comprebenasive thermal balance between
the land, sen and air has nol been clarified yel.

Environmental changes in
the arclic region

While the effects of global warming and 1he decreasing
aZone fayer may be conspicuous in the polar regions,
there is no accumulated obsevalion data arouad (he
arctic regioa.

Changes in land waier and
snow ice regions in the
aorthern hemisphere

Changes in the spowy regions of Eurasian continent
incleding the Tibetan beights is one of elements
influencing global weather, but mo data regarding snow
and precipitation in such large areas have been oblained

yel.

The reason for increase of
meihane gas ia ambicnt
air

Reasons [of increase of methane gas can be rice growing,
cantle brecding, and buraing of biomass. Solid erganic
materiale under the ground, diffusion of natural Ess and
coal miaing also can be reasons, [ Bas nol been elarified
yel whal the maia reazons are.

Desert forming
mechanisms

Reeently studics have been conducied on deserts forming
due 1o human aclivities, but they are only afier-eflect
examinations, Ressoms and mechanisms of natural deseri
forming are nol (ully elucidated yel.

Iafluence of the biospher:
oa the global envirenmeal

It is not elear even whether the biosphere absarbs carhon
divxide or generates it due io forest destruction. The
felation of the hiosphere o global material and beat
cireulatinn is mot clarified yel.

Source: Science and Technology Agency

extremely serious, most causes and mechanisms
have not yet been confirmed scientifically. So
far, we have been able to only identify some, but
not explain fully, phenomena such as increases
of carbon dioxide and CFCs in the atmosphere,
regional rainfall having high levels of acidity,
expansion of the deserts, and reduction of
tropical forests (Table 1-1-65).
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In spite of increasing accumulation of
scientific knowledge, it is difficult to model
global phenomena in the small facilities of
research laboratories. Also, an interdisciplinary
approach which integrates various academic
fields is necessary.

So, effort is being made throughout the world
to obtain precise and sufficient data on global

Science and Technology Agency
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TR TR

{A) Improvement of living style

(B) Promotion of R&ED

{C) Improvement of economic mechanisms
{D) Strengthening of regulation

(E ) Assistance to developing countries

( F) Combination of various measures

(G) Others

[ ITotal

£7 National research institutes
&8l Universities and Colleges
{& Private Corporations

Figure 1-1-66. Most effective measures to solve global environmental problems

Note: Multiple responses
Source: Science and Technology Agency:

"Survey of High-tech Researchers and Engineers (FY1391)"

environmental problems. Observation by
satellites, in particular, is an effective way to
analyze global phenomena. Programs are being
undertaken to achieve comprehensive, contin-
uous, global observation by satellites including
the establishment of data networks. Thus we can
gradually grasp and evaluate general global
environmental conditions scientifically. Simula-
tion modeling by high speed computers, coupled
with data verified by global observation, may
prmril:le us with effective means to forecast
environmental changes and analyze various
phenomena.

11.3.1.2.2. Expectations for Science and
Technology in Future

Dﬂapite their serious impact, most global
environmental phenomena have not yet been
explained sufficiently, and relevant studies have

only just been started onm most problems.
Observing the global environment has become
an urgent task. Efforts are being made to
accumulate data and to investigate causes and
mechanisms of these phenomena. To add to those
efforts, it is expected that science and technology
will provide scientific knowledge guiding the
global

continue

environmental
mnducting

countermeasures fﬂr
problems. We must
research.

Research and development of oil-substitute
energy sources, energy-efficient technology,
substitution for CFCs and technology for fixing
carbon dioxide are of course effective in
alleviating global environmental problems, but
at the same time, we need lo improve our
economic activities and own lifestyles (Figure
1-1-66). To improve our economic activities and
lifestyles, we need a new way of thinking other
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than pursuing efficiency and amenity. Science
and technology therefore has an important role
to play in providing people individually on the
Earth with easy to scientific
knowledge of global environmental issues and
the data from which sound judgments on
desirable economic activity and lifestyles can be

understand

made.

It also is expected that science and technology
will establish means to evaluate the impact of
new products and technologies for extreme

situations,

1.1.3.2. Mega-Science

As more and more scientific knowledge is
accumulated and new research methods become
available, thanks to scientific and technological
development, the objectives of R&D become
more sophisticated and the subjects studied are
expanding. Larger research facilities become
more costly and require many researchers and
engineers, so one single country cannot afford
those projects. Therefore, close international
cooperation is required among major developed
countries. Results of such joint activities should
be shared by all people in the world as common
intellectual property. Breakthroughs in these
"mega-science” or "hig science” projects are
expected to open new possibilities for our future.

While most "mega-science” projects require
huge and costly facilities and large groups of
scientists, another category that may be included
in mega-science is international cooperation by
many experts through long-term cooperative
studies in different fields or at many locations
without such facilities. In most cases of
mega-science, they are proposed by scientists. In
other cases, governments take the initiative 3]
launch these kinds of projects.

11.3.2.1. Examples of Mega-Science Projects
As examples of mega-science projects requir-

ing large facilities, the space station program and

the nuclear fusion project are shown here, in both
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of which Japan takes an active part.

1.1.3.2.1.1. Space Station Program

Japan, the US, Europe, and Canada have been
cooperating in the fields of space environment
utilization and manned space activities. Twelve
countries signed in 1988 the inter-governmental
agreement to cooperate in the Space Station
program with a goal of building a manned Space
Station by the year 2000. They have been
working since then to develop the Space Station.

1.1.3.2.1.2. Nuclear Fusion

Based on a proposal made at the US-USSR
summit in 1985, Japan, the US, the EC, and the
USSR have been cooperating on the develop-
ment of the International Thermonuclear Fusion
Experimental Reactor (ITER), under the
supervision of the International Atomic Energy
Agency (IAEA), to verify that such a nuclear
fusion reactor can he engineered. After the
conceptual design was conducted from 1988 to
1990, it was agreed that the working sites for the
joint engineering design teams would be located
in Japan, the US, and Europe. Construction of
ITER will be studied separately, based on the
progress of the engineering design activities
(Figures 1-1-67, 68).

11.3.2.2. International Cooperation in Mega-
Science Projects

Although countries cooperate with each other
in mega-science activities, their financial costs
nonetheless are sizable. Each country is faced by
the challenge of minimizing the adverse impact
of such huge cost requirements on conventional
science, or the so-called “small sciences”. When
promoting mega-science projects, problems
which confront participating countries are, for
instance, effective measures to secure funds in
each  country, establishment of effective
management, and effective communication
between seientists and between nations.

Science and Technology Agency
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ongoing globalization of scientific and techno-

1.1.4. Summary logical activities and the issues now facing the
world. The current status and Japﬂ.n"ﬁ pnﬁitinn in

In the previous sections of this Chapter,  scientific and technological activities can be
various indicators were examined explaining the  summarized as follows:
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Figure 1-1-67. Structure of the international thermonuclear experimental reactor (ITER)
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Figure 1-1-68. Comparison of device size
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11.4.1. Globalization of Scientific and
Technological Activities

As economic activities have expanded across
borders, scientific and technological activities
also have been rapidly globalized, supported not
only by progress in information, communica-
tion, and transportation technelogies but alse by
information and
of different

the active exchange of

knowledge among researchers
countries,

As :Ill-'ll}':f.r.tl earlier, all indicators show that
scientific and technological

worldwide;  e.g.

activities are
expanding international
exchanges of researchers are im:rr':ﬂﬁing, more
and more papers are being published and cited,
percentage of
international co-authorship, technology trade is
expanding, high-tech products trade is growing,

increases  continue in the

growth is occurring in manufacturing industries’
overseas direct investment, and the number of
overseas R&D facilities established by private
companies is increasing.

1.1.4.2. Japan's Position

What position is Japan taking in the ongoing
globalization of scientific and technological
activities?

In basic research, the number of Japanese
papers has become as large as that of the UK, and
the number of cited Japanese papers has been
increasing. Japan's basic research has reached
almost the level of Europe, although the gap is
still large between Japan and the US. However,
the number of papers per researcher is still
insufficient. It is the smallest among the five
selected countries, partially because the analysis
is based on a database consisting of journals

Table 1-1-69. Recent science and technology trends

1985
Lawnching of BEURLCA Plan

Ja pan's participation in Ftir.-u:e Slation ijn_-t

1986

Japan becomiag Mo 3 alfter the ULS., the UK, in producing papers

Japan becomisg the leader in High-tech producl exports

Lagnching of HIFSE

Rapid increase in Japanese companics’ R&D Facilitics abroad
1987 5 Japarcsc companies amang 1op 6 companies in patent registrations in the U.5.
Begianing the doubling of the NS budgel ia the U S

Frograms stating in Japan to fnvite forcigs researchers (STA fellowship, eie.)

1983

Tapan’s RED expenditures exceed Y10 trillion

dapan-U'S Secicnce & Techmology Cosperalion Agreemen! coacloded

1985

Japan's H&DD expenditures as 3 perceatage of GNEF become the world"s highes

Japan’s wechnology trade balance reaches cuuilibriom

The ULE. projases S50 Prajeet
1990

Virtual agreement un empincering desige aclivities of ITER

Source: Science and Technology Agency
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mainly written in English, and partially because
the ratio of Japanese researchers belonging to
private companies is high.

Now let us turn our eyes to technology. As for
technology trade, only the US enjoys a trade
surplus. Japan registered a near equilibrium of
exports and imports in FY1989. In 1980, the
amount of Japan’s exports of high-tech products
became the largest in the world. The number of
Japanese patent applications/registrations in the
US is second only behind the US. In recent years,
especially since around 1987, Japanese
companies have begun to establish R&D
facilities overseas, to develop products to meet
local needs, and to conduct basic research based
on long-term strategies (Table 1-1.69).

Figure 1.1.70 describes characteristics of
scientific and technological activities in certain
developed countries. The left part of each figure
indicates activities by private companies:
expenditures for research activities by private
companies, number of overseas
registrations, amount of technology trade
exports, amount of high-tech products exported.
The right part relates to the public sector;
government expenditures for R&D, number of
Nobel prize laureates, number of internationally
co-authored papers, and number of papers cited
by other countries” papers. It can be seen from
the diagrams that the right and left parts almost
balance for the US and European countries, but
that Japan’s figure is unbalanced. It can be said
that Japan possesses significant capability in

Pﬂll‘!l’ll

applied technologies supported by vigorous
activities of private companies. However, the
level of Japan’s basic research activities is still
low, as represented by this unbalanced picture
compared with the pictures shown for other
developed countries.

11.4.3. Expectations of Japanese Public
Research Organizations

As described above, although the level of
Japan’s basic research activities vis-a-vis the US

and Europe has risen to some extent, and Japan’s
technological level has become very high, there
is an opinion that Japan has not been
contributing to the world in proportion to
Japan’s level of technology. What does this
mean? From abroad, Japan is seen to be receiving
but not providing science and technology
information, and relying greatly on overseas
intellectual activities. It seems in Japan that the
opportunities and the environment are not
well-suited for foreign researchers and it has not
established a system for disseminating science
and technology information overseas. If this
situation continues, Japan's imbalances with
other countries will not be diminished and Japan
will be eriticized more seriously as not fulfilling
its obligations. Frustration by people in other
countries could eventually lead to Japan’s
isolation within the global community.

Looking at the world situation, the whole
world has been facing issues which need
international cooperation to solve, such as global
environmental problems, widening gaps between
the North and the South, and the issues of food
and energy supply. Mega-science projects such
as the space station and nuclear fusion activities
require involvement by countries with a high
level of intellectual and technological assets.

In order to cope with these issues, it is essential
to strengthen and expand R&D activities in basic
research in Japan's national research institutes,
universities, and public
organizations. Also, it will be necessary to

other research
disseminate science and technology information
overseas and to deal with mega-science projects
and global issues with sound judgment.

There are a number of challenges Japan faces
in science and technology activities both inside
and outside the country. The next chapter
discusses how we should cope with these issues.
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1.2. Promotion of Globalization in
_Sﬁ:ientiﬁc and Technological Activ-
ities

Progress in globalization of scientific and
technological has brought forth
increased opportunities for researchers’ ex-
change, encouraging creation of new secientific
ideas and technology through encountering of
different ways of thinking. Scientific knowledge
and technology have come to be used in various
countries as common intellectual property which
contribute to development of the world com-
munity through improvement of standards of life
and economic growth. It is also expected that
fruits of scientific and technological activities
will help people solve large-scale issues facing
mankind, such as those related to the global
environment.

Widening horizons of scientific and tech-
nological activities has brought up cases in
which scientific and technological activities and
policies of one country affect other countries. It
is thus essential that each country take precau-
tions so that differences in recognition and
responses between countries do not cause
misunderstandings and tensions, or hinder
international cooperation.

The basis of international relationships is to
foster confidence between [nter-
national cooperation in scientific and tech-
nological activities can be established on such
good relationships. Japan needs to meet a
number of requirements for this purpose.

This chapter examines the basic idea for Japan
to promote globalization of scientific and
technological activities, and the challenges
Japan faces, such as formation of intellectual
stock which should be utilized as international
public assets. Also, this chapter discusses a
common set of values and rules which all
countries should respect in supporting globali-
zation of scientific and technological activities.

activities

countries,

1.2.1. Basic Idea for Promoting Globali-
zation

Globalization of scientific and technological
activities examined in the previous chapter poses
challenges with which the whole world should
cope jointly, for the following reasons;

1) Basic research is an area where individual
researchers display their creativity, and the
results should be shared by many people as
common intellectual property.

ii)) While there have been movements toward
excessively protecting rights of inventors,
some aspects of technology should be
international public assets and should be
l:fFﬂﬂl'n'ﬂl:,’ utilized for wnll-huing of man-
kind.

iii) Joint international efforts will be necessary

problems affect  the

co-existence of mankind and the earth, or
for managing large-scale scientific and

to solve which

technological activities which require broad
cooperation.

Japan has been relying much on the achieve-
ments obtained in the US and European
countries for the basis of its technology
development. However, after this, jarmn should
take the initiative to promote globalization of
scientific and technological activities, even if
there should be a tendency somewhere in the
world to give excessive protection to their own
technological property.

In the "Opinion Poll on Economic Structure
Adjustment” conducted by the Prime Minister’s
Office in September 1988, there was a ques-
tion, "What step can Japan take to fulfill its
respongibility to contribute to the world
economy, in proportion to its position in the
international El.ll'l-l:l}’?": 379% or the largest group
of the respondents replied: "Dispatch and accep-
tance of experts and engineers”, followed by 27%
of respondents replying: "Cooperation in the
fields of science and technology™ (Figure 1- 2-1).
It is thus commanly felt that Japan needs to
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Figure 1-2-1. How Japan should contribute to the world economy

Mote: Multiple responses

Source: Prime Minister's Office: "Opinion Poll on Economic Structure Adjustment (Sep. 1988)"

domestic R&D activities and to
contribute to formation of mankind’s greater
intellectual stock, Japan should at the same time
help establish the basic foundation which
stimulates different countries to establish their
policies based on commonly available infor-
mation and recognition, and promotes R&D
activities under a common framework.

t'r]{'uuragﬂ

1.2.2. Characteristics of International
Cooperation in the US and Europe

People throughout the ‘'world have come to
realize more than in the past that science and
technology are the basis of national power, and
governments have been taking various measures
to strengthen science and technology policies.

The US has been accepting a number of
researchers and students from different areas of
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the world, and has contributed greatly to
development of science and technology for
mankind. The US is thus the biggest R&D center
in the world, and has an abundance of human and
monetary resources for research activities, as
exemplified by large number of research papers
published and cited. The US used to promote
huge projects such as the Apollo Project
independently. However, in recent vears, due to
financial difficulties, the US have come to solicit
cooperation from other governments in large
projects such as the space station, superconduct-
ing super collider, nuclear fusion, ete. explaining
that their benefits may be shared by the world
or participating countries. Reflecting weakening
competitiveness of the US manufacturing
industries, the US government also has been
taking policies to strengthen the protection of
intellectual property rights and national
security.

In Europe, countries are adjacent to each
other, and have a common cultural background.
The scale of their R&D activities is not as large
as in the US, These factors made them more apt
to cooperate with each other, as exemplified by
the large number of citations of papers written
in other countries, and the large percentage of
co-authored papers. In the domain of large-scale
research projects, European countries are col-
laborating for example in nuclear physics re-
search, space development, ete. Furthermore, to
streng then competitiveness of private compa-

nies in Europe, the Framework Program (EC)
and of private companies EUREKA programs
(led mainly by EC member countries) were
launched in the mid-80s. The establishment of
a single market by the end of 1992 will encourage
further flows of personnel and funds which will
result in further development of science and
Ieclllmlﬂg}r within Europe. A concern is that if
these countries go too far in the direction of
regionalism, communication between Europe
and the rest of the world will be discouraged,
impacting negatively on the development of
international seience and Len:‘.hnnl-:;rg:,f, Future
trends in EC thus should be carefully watched.

1.2.3. Towards "Internal Globalization”

The circumstances of Japanese science and
technology activities are significantly different
from the US and Europe in geographical and
historical terms. Japan is located far away from
the world centers of science and technology -- a
disadvantage in communication. Historieally,
Japan was a late starter, and worked hard to catch
up with the level of the US and Europe, which
madt‘. Jﬂlmnﬂ'ﬁﬂ' FE{JPIE‘ (f’ﬂ[l[:ﬂll[fﬂ.lﬂ IMeore Il
development of technology, without implement-
ing sufficient activities in basic research. But
now science and technology activities in Japan
have become world class, and Japan is expected
to contribute to the whole world in many fields,

While we have witnessed progress in globaliza-

Table 1-2-2. Phases of globalization of science and technology activities

Fhase 1

personnel

Exchange ol information, data, samples and

Phase 2

Increases in international joint research and
co-authorship of literature

Phase 3

Existence ol R&D centers which provide
"cutting edge” information o the world;
Operation of megascience projects in Japan

Compilation: Science and Technology Agency
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tion of Japan’s science and technology activities,
as shown in Chapter 1, we are still only at the
beginning (Table 1.2.2).

An important challenge for Japan is to create
first class R&D results in basic research. These
provide the common basis for survival and
development of humanity at large. In the OECD’s
Tq:q:hl‘m]frg}' F.t:uﬂn!!‘l}-‘ Pl‘ﬂgt‘at]’l. each govern-
ment is asked to support domestic efforts in basic
research activities. In the Survey of High-tech
Researchers and Engineers, FY1991, 66% of
responding researchers replied that Japan’s role
in  contributing to international society
is: “accumulation of intellectual property with
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further expansion of basic research in Japan™
(Figure 1-2-3). If Japan keeps absorbing infor-
mation from outside and does not provide as
much, in spite of its raised level of scientifie and
technological activities, Japan's activity pattern
will look like odd and co-existence and
co-prosperity with other countries will be
endangered. In order for Japan to become one
of centers of R&D activities where people from
different parts of the world gather and work and
produce successful results, it is essentiai to
improve the basis for R&D activities in Japan,
and take measures to increase the intellectual
stock such as achievements in basic research
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Figure 1-2-3.
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which are usable as international public assets,
or generic technology which can be applied in
various fields.

For this purpose, it is necessary to increase
research funds and develop excellent leaders and
successors for research activities at public
research organizations. Improvement of the
research environment for such activities also is
indispensable, Along with these efforts, measures
should be taken to accept more foreign resear-
chers, and to improve related conditions, as well
as to promote information exchange and
cooperation with developing countries.

Japan’s private corporations conduct a large
part of R&D activities in this country. Private
companies are required to move toward more
active basic research activities, and treat the
resultant achievements possibly as public assets.
Corporate management of research activities
should become compatible with those common
in other countries. It is also necessary to
encourage the smooth establishment of R&D
facilities by foreign businesses in Japan.

In order to enrich basic research in Japan, it
is necessary to improve the research environ-
ments - including funds, human resources,
facilities and support systems--to match the world
level, and make Japan a genuine member of the
world R&D network. Such process will move the
country a way toward "internal globalization”.

1.2.3.1. Formation of Intellectual Stock as
International Public Assets

In order to make Japan a place to conduet first
class basic research activities, it is necessary to
improve the level of research activities, and to
form intellectual stock, centering to successful
results of basic research, which can be used
effectively as international public assets. For this
purpose, it is essential to improve basic research
activities at national research institutes, univer-
sities and colleges.

1.2.3.1.1. Expansion of Research Funds
While Japan’s investment in research and
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Figure 1-2-4. R&D expenditures by source of funds

Source: Management and Coordination Agency, the Statistics Bureau: "Report on the Survey of Research

and Development”

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991 67



Globalization of Scientific and Technological Activities and Issues Japan is Encountering

development has been increasing in both the
government and private sectors, the growth in
the private sector is large, leaving the percentage
of the government funds small (Figure 1-2-4}).
While what is considered basic research shown
in the statistical figures may differ in each
country, the ratio of public sector research is low
in Japan compared with than in other major
countries (Figure 1-2-5). For example, Japan’s
expenditure for basic research is 459, of that of
the US. However, regarding the expenditures of
government  research  organizations  and
universities/colleges, where the results of
research activities are accessible from outside,
the amounts lepa:n spends account for 34% of
the expenditures in the US. This indicates that
financial support for basic research in the public
sector is small in Japan (Figure 1-2.6). It is
necessary for Japan to expand government
investments into research activities, in order to
strengt hen the foundation in basic research
activities and to form larger assets of intellectual
stock.

1.2.3.1.2. Mecca for Basic Research

In order to improve basic research activities
in Japan, the environment for research activities
at national research institutes and universities
should be made good enough to attract
researchers from various countries and to
produce excellent results. These institutions
should aspire to be world’s "Mecea” for basic
research,

Elements of research institutes which attract
excellent researchers worldwide would be: world
class research authorities and leaders, collection
of the information on science and
technology, unique research and experiment
facilities, or remarkable research activity output
(Figure 1-2-7). Researchers in Japan think such
research institutes exist abroad, but that few exist
in Japan. It is our challenge to increase those
institutions which meet these requirements in

Japan.

latest
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Figure 1-2-5. R&D expenditures financed by government as a percentage of GNP

Source: Statistics of relevant nations, com piled by Science and Technology Agency
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1.2.3.2. Need for Human Resources

1.2.3.21. Human Resources at National

Research Institutes
Human resources are impm‘tant for |Jrﬂmoting

basic research activities. The number uf]upauesn
researchers have been increasing st&adﬂy in the
past several years, but this is mainly attributable
to the growth of research personnel in private
companies. The increase of researchers at
uuix':-.rsili:t:-s.,.f'-.:nllugus has been slow, At national
research institutes, the number of researchers has
remained level. It is now important to secure
qualified research force there (Figure 2-2-4.7).
The number of researchers working at
government research institutes internationally
in Japan is 27,006 in 1990, an increase of 3% in
the past ten years, In the US, it has increased by
15%6, and numbered 65,800 in 1988. In Germany,

{Unit : 1,000 persons)

the number increased about 20%, to 20,574
people in 1987, and France enjoyed an increase
of more than 1.7 times, numbering 22,200 in
1987 (OECD statisties). In Japan, it is important
to increase the research force at these national
research institutes in order to improve basic
research activities. The number of researchers at
universities and colleges has been increasing
reflecting the fact that new universities/colleges
or departments have been established in recent
years. Yet the research force should be still
expanded to improve basic research there.

1.2.3.2.2, Future Human Resources

In order to improve basic research activities
in Japan in the future, it is essential to secure
qualified researchers. This is the case not only
at national research institutions but also at
universities, and private businesses which are
S.UP'E}DRE{]. to play a greater role in basic research

Demand
1012 (in case of 4% GNP growth)

.................. St B e
L
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2005  vyear

Figure |-2-8. Estimated number of researchers in the future

Source: "Survey on Research Personnel for Promotion of Basic and Leading Science and Technology”
conducted by the Institute for Future Technology, for STA (Mar. 1990)
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activities. The demand for researchers is taken
here as a function of real GNP, and supply as
function of working age population, in order to
estimate the future demand/supply of researchers
based on the past history. In the year 2005,
demand will exceed supply significantly, i.e., if
real GNP increases at an annual growth of 3%,
the excess of demand over supply will be about
360,000 and if real GNP grows at 4%, the gap
will be about 510,000 (Figure 1-2-8). This model
may be too simplistic to forecast exactly the
future demand/supply situation, and there may
be a number of other factors which would affect
the future trends. However, at least this estimate
indicates that securing research personnel will
be an important issue in the future.

Another concern is the tendency of young
people not to major in science and technology
at universities and colleges. It is anticipated that
the 18 year old population will be smaller in the
future, and consequently, high school graduates
taking science and technology courses in higher

10,000 persons
14+
134
124
114~ Engineering

Number of 59

g_
Applicants g
7

education will continue to decrease. Assuming
that the rate of applicant to engineering and
physical sciences departments against the total
population of 18-year-olds in 1989 is maintained
in the future, it is anticipated that in the year
2000, applicants to engineering departments will
decrease to 89,000 and these to physical sciences
ca. 11,000 (Figure 1-2.9). The number of Japan’s
young people is estimated to decrease more
drastically than the US and Europe in the early
21st century. If no effective measures are taken
to keep young people interested in science and
technology, Japan will face serious difficulty in
keeping its science and technology level high in
the future. -

To attract people to science and technology
fields, improvements in personnel administra-
tion, such as salaries, and better research
environments will be essential. Besides, it will
be important to improve the image of science and
technology to keep young people interested in
scientific and technological studies. The pleasure
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Figure 1-2-9, Estimated number of applicants to departments of engineering and physical sciences in the

future

Note: Figures obtained on an assumption that the ratio of applicants to
Engineering and Physical Sciences Departments among the total population of 18- year olds remains the

same.

Source: NISTEP; "Choice of University Applicants among Fields of study: How many young people in
Japan are planning to study science and engineering in universities ? (August 1990)"
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and sensation which only scientists and engi-
neers can enjoy at the moment of the discovery
or invention should be handed down to the next
generation.

From the standpoint of encouraging high
quality researchers, more ﬂc:-:ihi]i[:.‘ in assign-
ments, and excellent and improved research
environments which allow ereative activities by
each individual researcher will be necessary.
(Qualitative and quantitative expansion of
graduate schools also 1= needed.

Measures also should be taken to provide
women, senior citizens and foreigners with job
possibilities. Women may be disadvantaged by
marriage, child care and other factors which tend
to discourage their involvement in research’
activities,

As for senior citizens, those who have abilities
and also willingness to work should be provided
with job possibilities and with regard to
foreigners it may be a future task for us to
reorganize our social structure as a whole so that
it can funection smoothly even with foreigners
incorporated into it

1.2.3.3. Improvement of Research Infrastru-
cture and Environment

In order to improve basic research activities,
it is essential to enlarge the space available for
research activities, improve research equipment
and facilities, and increase assistants and support
staff in the national research institutes and
wn i\'r:I&iTil!!i—,-"ri:;t.lll]{:gES.

Foreign researchers working in Japan
complain that research facilities of national
research institutes and university/colleges have
little technical support, limited funds, poor test
equipment, and old and unclean laboratories.

In the "Survey of High-tech Researchers and
Engineers”, among the respondents who had
worked in laboratories and institutions in the US
and European countries, 60% of researchers at
national research institutes, 80% of those at
universities and colleges, and 74% at private
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companies replied that the US and Europe are
better in terms of the space available for research
activities. As for "sufficiency of experimental
equipment”, those who replied that "conditions
in the US and Europe are superior” are 16% of
those working at national research institutes,
23% of those at private companies, but 519 of
those working at universities and colleges. Only
8% replied that conditions in Japan are superior.
As  for “maintenance of experimental
equipment”, 34% of those working at private
companies replied that the situation in the US
and Europe is superior, but 34%, almost the same
percentage, replied that Japan is superior.
However, 67% of those working at national
research institutes and 74% of those at
universities/colleges replied that the situation in
the US/Europe is superior to Japan. Regarding
the "number and ability of assistants”, 92% of
those working at national research institutes and
88% of those at universities/colleges replied that
the US/Europe are superior; 52% of those at
private companies replied that the US/Europe is
superior, and 15% said that Japan is superior.
While most of the respondents replied that
the "social status of researchers” is superior in
the US/Europe, 40% of those working at
universities/colleges replied that the status is
equal between Japan and the US/Europe. Almost
80% of the respondents on the whole replied
that "evaluation of research activities is stricter
in the US/Europe than in Japan® (Figure 1-2-10).
The Science Council of Japan surveyed:
"Environmental conditions on  scientific
research activities in Japan ‘from the scientist’s
survey' (April 1991)”. Respondents were asked
whether they agreed with the statement: "The
work space for your research group is appropriate
for current research activities”. A total 66% of
the respondents replied, "Don’t agree at all”
or "Hardly agree”. To another statement: "The
number of assistants is appropriate for research
activities”, a total 7625 replied "Don’t agree at
all” of "Hardly agree”. Many replied that they
face a high degree of inconvenience regarding
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Figure 1-2-10. International comparison of research environments

Source: Science and Technology Agency: "Survey of High-tech Researchers and Engineers (FY1991)"

available space and assistants (Figure 1- 2-11). In support better basic research activities in Japan.
fact, the number of assistants per researcher in
Japan is extremely small compared with other 1.2.3.4. Accepting More Foreign Resear-
major countries (Figure 1-2- 12). chers

As understood from these surveys, conditions

of space and assistants at national research  1.2.3.4.1. Increasing in Number of Foreign
institutes and universities in Japan are poorer Researchers

than those in the US and Europe. Conditions for As for the exchange of researchers with other
research activities at these organizations and countries, the number of researchers going
institutions need to be improved significantly to abroad from Japan is still much bigger than the
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(A} The laboratory space for the research group is appropriate, and there is no inconvenience in
carying current resaarch activities.

{B) The number of assistants at the research institute is appropriate, and there is no inconvenience
in camying out current research activities.

Figure 1-2-11. Research environment (space of laboratory, number of assistants)

Source: Science Council of Japan: Environmental conditions on scientific research activities in
Japan "from the scientist's survey” (Apr. 1991)
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Figure 1-2-12. Number of assistants per researcher (1987)

Nate: Figure for Japan is not on a full-time equivalent basis. Assistants in humanities/social sciences are
included.

Compilation: Science and Technology Agency
Source: OECD Statistics

74 Science and Technology Agency



Globalization of Scientific and Technological Activities and Issues Japan is Encountering

number of foreign researchers accepted by Japan.
A large number of Japanese researchers go
mainly to developed countries such as the US,
while those coming to Japan are mostly from
Korea, China and other Asian countries.
Acceptance of researchers who have different
cultural and historical backgrounds and different
ideas from Japanese is important to promote
research and development. Measures must he
taken to such exchanges of
researchers, especially the acceptance of foreign
researchers in Japan,

Almost 909 of researchers welcome foreign
researchers in Japan as their colleagues (Figure
1-2-13). Japanese researchers expect that working
with foreign researchers will give them
incentives in their research, and help strengthen
closer relationships with these foreigners” home
organizations (Figure 1- 2-14).

For this purpose, the Law for Facilitating

-Em:aurage.

Government Research Exchange was enacted, so
that researchers of other countries can be
employed as high as research division managers
or research section managers at national research
institutes. But this law has not yet been put into
practice effectively. While the government
established new fellowship systems in recent
years, the scope of these systems are still small
compared with similar systems in the US and
Germany which are designed to accept large
numbers of researchers from other countries.
Exchanges of researchers across national borders
should be promoted much more.

1.2.3.4.2. Beftter Infrastructure for Foreign
Researchers Living in Japan

In order to encourage foreign researchers to
work in Japan, it is also necessary to improve
their living environment.

According to the survey regarding obstacles

Mo reply (0.1)

PR EFEEER RS R EEF R FEEE R

e

Megative (0.5)

Megative rather than
otherwise (1.8)

Meither negative
nor positive

Positive rather
than otherwise

Positive

It is good to employ non-Japanese as researchers,

Figure 1-2-13. Employment of non-Japanese researchers

Source: Science Council of Japan: "Environmental conditions on scientific research activities in Japan —

from the scientist's survey — (Apr. 1991)"
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for researchers to work outside their home
countries, both Japanese and American
researchers replied that “language” is the most
significant barrier. Then, Americans replied
that “housing”, “employment of spouse”
and “education of children” were their major
issues, in this order. Japanese researchers
working abroad had the same
"education of children”, followed by “employ-
ment of spouse” and "housing” (Figure 1.2-15),

Forty percent of researchers
conducting research in Japan did not bring their
spouses because “the spouse has his/her own job
back home”, in most cases (Figure 1-2-16).
Thirty-three percent of the researchers left their
children home mostly for "educational needs”
(Figure 1-2-17).

Thus, issues other than research activity itself,
e.g. housing, employment of the spouse, and
children’s education, can become sources of
difficulties for foreign researchers working in
Japan. While housing problems could be solved
by increasing financial .allowances,
relevant to spouse’s employment and children’s
education need to be addressed comprehensively.
Therefore, the most important issue is how far
this kind of infrastructure will be established in
near future.

There are some examples of the problems
being alleviated: STA established in Matsushiro
of Tsukuba City accommodations for foreign
researchers working at national research
institutes in Tsukuba Science City. The Tsukuba
Center for Institutes is responsible for
management and operation of these living
facilities, and provides Japanese classes for
foreign researchers and their families living
in the City. The Research Development
Corporation of Japan also operates in Takezono
of Tsukuba City for foreign researchers and their
families, as part of the Corporation’s inter-
national research exchange programs. It also
publishes an information booklet in English for
living in Japan, and provides Japanese classes
and counseling service in English. MITTs

COINCErns:

f'ﬂreign

155Ues

Agency of Industrial Science and Technology’s
International  Research Center
provides similar services.

Improvement of these services will become

increasingly important in coming vears.
P g}

Exchange

1.2.3.5. Dissemination of Scientific and
Technological Information

As mutual interdependence among countries
increases, the information
exchange increases. Foreign demands for and
dissatisfaction over Japanese information are
increasing, so Japan is required to disseminate
high quality information speedily to the world
community. For this purpose, Japan should not
only enlarge its databases, but also promote the
international utilization and dissemination of
literature which is not readily available. The
lapanese language could be the biggest barrier

importance  of

to international dissemination of Japanese infor-
mation. It thus has become one of our biggest
challenges 1o develop an effective machine
translation system which will enable English
translation of huge volumes of materials written
originally in Japanese. Also, our reprographic
rights clearance system must be improved so that
use of Japanese scientific and technological
information will be facilitated overseas.

1.2.3.5.1. Collection of Japanese Information in
the US/Europe

As Japan’s position in the fields of science and
technology has risen, various countries have
become more interested in scientific and
technological information from Japan. In the
US, the need to collect more information on
scientific and technological activities in Japan
has been known since the 1970s. In accordance
with the Japanese Technical Literature Act of
1986, the Office of Japanese Technical Literature
was established in the US Department of
Commerce. The Japan-US Science and Tech-
nology Cooperation Agreement of 1988 also calls
for more active exchange of scientific and
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technological information between the two
countries, In 1986, the EC launched the
Japan-Info Project. which encourages collection
of Japanese information. International conferen-
ces by experts of information on Japan were held
in 1987 and 1989, where methods of access to
Japanese information were discussed.

While the above-mentioned efforts have been
made, complaints are heard from overseas such
as: "It is not clear what kind of information is

obtainable”, According to a survey conducted in
the US in 1989, as few as only 5.4% of the
respondents replied that they had used Japanese
databases before. The prime reason for not using
Japanese databases, besides "No need”, was
that "I/ we do not know the appropriate Japanese
database™ (Figure 1-2-18).

It is thus necessary for Japan to promote
dissemination of Japanese information on S&T
overseas by increasing directory information in

available”, or "Full texts are not easily English, developing English, databases, and by
(%)
Eu_
54.4
50 .
& .
.
IfumB2s
g i;\' :-\.-;
- 2 i
o LB g dag B
i 0018 8 8 = 5 [ o
(B) (C) (D) (E) (F} (G) (H) {n ) (K}

(A) No need

(B) I/we do not know the appropriate Japanese DB
(C) Limited number of original documents in English

(D) Limited availability of English abstracts
{E ) Retrieval cost is expensive

{ F) Communication cost is expensive

{G) Large time lag for new information

{H) Differences between Japanese and American identification systems cause complications

{ | ) Quantity of information in DB is not sufficient
{J ) Others
(K. ) No response

Figure 1-2-18. Reasons for not using Japanese databases (DB)

Note: Multiple responses

Source: "Research on the Dissemination of Japanese Scientific and Technical information” conducted by
Mitsubishi Research Institute, for STA (March 1888)
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increasing the translation of original Japanese

documents into English.

1.2.3.5.2. Improvement of Reprographic Right
Clearance System

The Japan Reprographic Right Center (JRRC)
1= going to be established to mediate between
rights holders and users of reproductions for
collective clearance of copyrights. The “Japan
Academic Societies System for Copyright
(dealing with natural sciences
publications by societies) and
the "Collective Reprographic Right Clearance
Center of Authors & Publishers” (dealing with
other publications) are already established, and
have begun trusts of
copyrights. These associations have agreed to

Clearance”
academic

work on collective
grant licenses to users of reproductions through
the JRRC, and have been preparing for the
unification of these associations with the JIRRC,
It 15 expected that the JRRC will offer a2 more

convenient procedure for copyrights clearance

1.2.3.5.3. Information Distribution Network

Various computer networks are being used as
means for information exchange between
researchers. BITNET is one of them, using
main-frame computers as nodes. Currently, the
number of nodes throughout the world is 3,371,
but the number of nodes within Japan is only 93,
or less than 3% (Figure 1-2-19). The volume of
information coming from the US into Japan is
larger than that going out from Japan to the US.
In order to make Japan one of major information
centers of the world, it is necessary to strengthen
the capability to provide information, and to
expand science and technology information
services from Japan to overseas.

1.2.3.6. Closer Cooperation with Developing
Countries

Although Japan’s ODA is the world’s highest,
the ratio of technical assistance is still small.

and that the distribution of Japanese information Developing  countries, especially Asian/
will be facilitated, too. Pacific nations, are using science and tf.‘ﬂhl‘.‘lﬂll;lg]’
Latin America (58)__ Japan (93)
“‘"=| ] Izrael (52) f 3
Canada (180) — ¥ |I Other Asian countries (78)
P Africa (4)
___—— Gemany (237)

it France (164)

/ =

e Italy (125)

‘\"‘Eumb_g'ﬁ: rr_r—’

Total L : Netherlands (88)
3,371 Nodes [T
North America ~ Other European countries (259)
Us (2.033)

Figure 1-2.19. BITNET nodes {as of May 1990)

Source: Report on “Survey of International Tsukuba Network”,

Development Corporation,

conducted by Mitsui Information

for Science and Technology Agency (Feb. 1991)
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to develop their national economies, and they
have been expecting Japan to provide them
assistance in this direction.

According to the "Survey of High-tech
Researchers and Engineers”, researchers feel
Japan can play a better international role
by "increasing exchanges of researchers and
engineers with developing countries”, rather
than with counterparts in developed countries
(Figure 1-2-3). Japan is committed to accepting
more researchers from developing eountries, and
to dispatching of more Japanese researchers to
these countries.

Measures are necessary to support dispatched
researchers through preparatory education and
support for both research activities and life in the
locality. Also, steps should be taken to ensure
continuity of joint activities so that the exchange
can contribute to heightening the science and
technology level in the host countries. In this
respect, involvement by young researchers is
essential. At the same time, in developing
countries where infrastruciure for science and
technology is still weak, cooperation by senior
researchers who have abundant experience in
various fields will be helpful.

Lack of opportunities for mutual communica-
tion would hinder exchange activities by
researchers. To improve this, it will be useful to
hold a number of workshops and seminars, as
well as to publish an English list of researchers
and laboratories which are willing or capable to
conduct joint work or cooperate with developing
countries. At Japanese research
institutes, the small research work force as a
whole and the difficulty of appropriate personal
treatment for researchers after their coming back
to Japan, are limiting the absolute number of
researchers who can really participate in research
exchange activities. To improve the shortage of
human resources, it will be helpful to obtain data
on those senior researchers who are capable and
ready to cooperate.

In eonducting joint research activities with
developing countries, it is essential to establish

national

research themes which would be beneficial for
both parties involved, by conducting close
studies on the needs and situation of host
countries. Concerning  cooperation  with
developing countries, necessary information is
often lacking in both countries; therefore, it is
essential to start with close communication and
preliminary feasibility studies toward obtaining
effective results.

1.2.3.7. Basic Research Activities by Private
Companies

1.2.3.7.1. Basic Research Institutes

With greater importance placed on basic
research activities, Japanese private companies
have begun to establish basic research institutes
both inside and outside _|u|:an, hoping that
success in basic research will bring forth
technological innovation which will further
business profits in the future. There are some
cases overseas that private research institutes
played a Juading role in cnﬂhling scientific and
technological breakthroughs through opening
up the doors of their laboratories to outside
researchers. According to the "Survey on Private
Enterprises’ Research and Development”, 81%
of the respondents agree with the necessity of
establishing such institutes dedicated to
advanced research and
positively. However, there is a big gap between
the recognition of necessity and the reality,
namely only 1% of Japanese private companies
have such institutes, and another 1% plan to
establish such institutes. It is expected that these

appreciate  them

open advanced institutes will contribute to
future progress of basic research efforts (Figure
1-2.20).

1.2.3.7.2. Publication of Results

While the number of private companies which
have basic research institutes is still not large,
the above survey indicates that about 50Y% of
private companies have been conducting basic
research activities, and 179 answered that the
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Private basic research activities are
exceptional, and not necessary from
global point of view 2.9%

Difficult to exist in Japanese
conditions for research activities
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i .f":; 2| || '4WW _
Vo

e

G
e
g gﬁ*.,fi:-" = ?g

e .\g)\.}%’éd
e
e

Figure 1-2-20. Establishment of leading basic research institutes by porivate corporations

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY1991)"
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Figure 1-2-22. Attitude of private corporations toward the publication of
basic research results by their researchers in academic societies

Source: Science and Technology Agency: "Survey of High-tech Researchers and Engineers (FY1991)"

successful results of basic research are published
openly in the same way as do US and European
companies. The percentage of these open-minded
Japanese companies is increasing: some of them
even claim that they are more willing to share
successful results than US and European
companies (Figure 1-2-21). It may be necessary
in the future for the publication of successful
results of basic results in private companies to
increase the number of companies which
"publish the results more openly than do US and
European companies” in comparison with the
number of those which “publish the resulis less
openly than do US and European companies™.
About 60% of these companies support
publication of successful outcomes at academic
societies. Combined with those companies which
are willing to publicize as long as no
inconvenience is caused to business, a total 90%,
of the companies are willing to take an open

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991

attitude regarding basic research (Figure 1-2-22).
Consideration should be given so that successiul
results of basic research activities by private
companies, except for know- how, are publicized
through patents or papers without delay.
Attention should be i}ai{] not to be misunderstood
as if Japanese companies would delay the
publication of the results without specific
reasons or would not publicize
intentionally. It can be said to be a duty of
research management in private companies Lo
provide researchers with opportunities to publish
their research results as far as possible. Also,
results obtained at the Japanese companies
overseas R&D facilities should not only be
treated b}' local rules, but also should be made
to the locality because returning research results
to the locality is necessary to ensure co-existence
and co-prosperity between these companies and

the local societies.

them
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1.2.3.8. Universally Accepted Management
Method by Private Businesses

As Japanese private companies expand their
R&D  activities beyond mnational borders,
difference in social institutions and customs
between Japan and the locality, as well as
difference in methods of management of research
activities, have become more apparent. There
also are some cases where management practices
in this country cannot be accepted universally.
J:Ll_mrsl_':-'-u l:mu]:uanil:_-; thus must review their own
research management practices and establish
accepted methods

universally management

which are rational and transparent.

12.3.8.1. Conformity with Regulations of
overseas research institutes

lapanese private companies are expanding
research and development activities rapidly, and
are accepting more foreign researchers in Japan.
It has become important to improve the research

O 10 20 20

environment in Japan for those foreign resear-
chers in accordance with universal standards.
According to replies to the aforementioned
survey's question whether the respondent
companies are considering in Japan the adoption
of same or similar rules as those in their overseas
R&D facilities or in the R&D facilities of foreign
companies, the number of private companies
replying that they "Will adopt the same or
similar rules” regarding the "Treatment of the
outcome of research activities”, and "Joint
research with other organizations”, is larger than
those who "Will not adopt™. This indicates that
the effects of globalizing R&D activities have
been seen already within Japanese private
companies. It is useful to respect common rules
with the other party when implementing “joint
research programs with outside groups”™, Private
companies have been moving toward sharing
successful results of their research activities as
seen in these replies regarding the "Treatment
of the outcome of research activities”. However,
at the same time, a large number of companies

| = | Il
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: ; : w A Aot e
incuding recritment and//7/ 55T/

Work pattemns [/ %ﬁgﬁ% % . '

Joint research with
outside groups
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Figu_ra 1-2-23. Adoption of same/similar rules by companies as exist in
their overseas R&D facilities or in overseas companies’ R&D facilities

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY1991)"
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replied that they "Will not adopt the same or
similar rules” regarding "Personnel manage-
ment such as recruitment and salaries”, and
"Work patterns”. Still, more than 20% of the
responding companies are willing to "Adopt the
same or similar rules” even regarding personnel
administration and work patterns, This indicates
that globalization of R&D activities has started
to influence companies’ core issues such as its
personnel management system. Regarding
unification of language (e.z. to write both in
English and in Japanese), the number of
companies which responded that they "Will not
adopt” are larger than those who replied that
they "Will adopt”. However, the percentage gap
between these two groups was less than 10%; this
indicates  that which promote
language unification will increase in the future
(Figure 1-2-23).

As more foreign researchers join R&D
activities both inside and outside Japan,
communication in the forms of internal
documents, information bulletins, electronic
mail and bulletin boards through computer
network, ete. will not be effecli\:el}r conducted
only in Japanese. Use of only Japanese in
correspondence
homeland and Japanese researchers in R&D
facilities overseas would cause apprehension and
uneasiness among foreign staff
researchers working at those overseas facilities.
So, wider use of English or parallel use of
Japanese and English will be necessary to help
personal information
exchange with foreign researchers. Use of an
universal = language also helps Japanese
researchers who have geographical disadvantage
in international research exchange to receive real
time information services through computer
networks, which not only gives them a great
merit but also helps foreign researchers’ access
to Japanese researchers and information sources
in Japan and contributes to further promotion of
information exchange.

companies

between managers in the

including

communication  and

1.2.4. Common Set of Values and Rules
to Support Globalization of Scientific
and Technological Activities

While globalization of scientific and technaolo-
gical activities has contributed to the develop-
ment of various countries worldwide, people
have come to expect science and technology to
help solve global problems related to the survival
of mankind. such as environment, population
and energy.

Not only efforts by researchers and engineers
but also fierce competition in R&D activities has
driven the continued advancement of science and
technology. If the government is tempted to
protect successful results obtained within the
country, development may make no headway
globally. In recent years, scientific discovery and
knowledge can sometimes be utilized imme-
diately for technology development. and there
have been times that governments are tempted
to prevent the outcomes of their domestic
scientific research activities from diffusing to
other countries. If this tendency becomes more
conspicuous, free research activities and fair
competition would be hampered. According to
the "Survey on Private Enterprises’ Research and
Development”, responding companies foresee
continued tension among countries. To the
question on future international eircumstances
around Japan in the field of Science and
Technology, 76% of the respondents replied:

“Efforts to cooperate continue, thus international

tension will continue locally and intermittently,
reflecting competition among three powers, i.e.,
the US, Japan and Europe”, or "Each country
seeks to strengthen its science and technology
ability as a source of economic power, thus
tension between them will be growing”™ (Figure
1-2-24). Efforts should be made continuously for
international harmonization and cooperation.
It is necessary for countries to establish
common ideas in a global context, taking into
account that pressing issues for mankind such
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as the global environment, will become more
serious. Establishment of such a common set of
values will match the national interest of Japan
which is part of the world community. Japan may
need even to take lead this direction.

1.2.4.1. The Need for Common Values and
Rules

Common values and rules supporting
globalization of scientific and technological
activities should include the following (Figure
1.2.25):

First, scientific and technological activities
must aim for the harmonious co-existence of
mankind and the earth. Deterioration of the
natural environment has come to menace
survival of all lives on the earth. Results obtained
through science and technology are expected to
provide effective solutions to these problems.
However, we should note also that wrong use of
science and technology could impact negatively
on mankind. Science and technology also are
expected to provide assistance to developing
countries’ economies take off, and improve the
gap between the North and the South. Thus, for
the harmonious coexistence of mankind and the
earth in a broad sense, it is necessary to secure
a foundation for existence and survival of all
lives on the earth.

Secondly, to-ensure development of science
and technology, it is necessary to make
researchers and private companies implement
R&D activities under a similar framework.
Researchers all over the world are competing
fiercely in basic science, and private companies
are rivaling hard with each other in
technological innovation. Measures should be
taken to ensure fair competition by establishing
common ideas and rules, so that government-
supported research projects open their doors to
participants from foreign research institutes and
or companies, and to make sure that differences
between countries in intellectual property rights
system and standards does not discourage fair

competition.

Thirdly, research activities now eross national
borders, and active information exchange and
burden-sharing among countries enhance the
efficiency of research projects. Some huge scale
projects are no longer controllable by a single
nation. Multi-national engagement thus has
become necessary in megascience projects in
terms of funds, human resources and technolo-
gical assets. Common discretion is necessary also
in this kind of international cooperation.

In summary, globalization of science and
technology poses to us a need for common values
and rules; that is the need for "coexistence of
mankind and the earth”, “implementation of
R&D under a similar framework™, and "develop-
ment of international research cooperation”. For
the convincing establishment of the above-men-
tioned ideas, it is necessary to make them
rational, universal and systematic. The following
paragraphs deal with the substance of common
values and rules which support globalization of
scientific and technological activities.

1.2.4.2. Harmonized Coexistence of the
Mankind and the Earth

1.2.4.2.1. Global Environmental Problems

In the efforts to solve global environmental
problems, science and tf:r.hnnlog}- are to he
regarded as instruments to enable harmonized
co-existence of the mankind and the earth, rather
than a means to pursue economic prmpf:rily or
a form of culture with which mankind aspires
to search for truth. Cooperation is in principle
necessary for solving global environmental
problems; public research organizations of each
country should take the initiative in strengthen-
ing cooperation and in efficiently promoting
international joint research.

1.2.4.2.1.1. Promotion of International Coopera-

tion in Observing the Global Environment
Besides independent activities by each of the

developed countries to observe the global
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environment, the United Nations Environment
Program (UNEP) has been coordinating and
cooperating with international bodies and each
country’s government. Also, the World Meteoro-
logical Organization (WMO) is pushing ahead
with the World Climate Research Program
(WCRP) in co-operation with the ICSU. In that
course, the Tropical Ocean and Global
Atmosphere (TOGA) and the World Ocean
Circulation Experiments (WOCE) already have
started. Multilateral joint research programs led
by international bodies should be given greater
emphasis.

Countries should cooperate closely to ensure
efficiency in global environmental observation
by sharing responsibility by region or by
technology areas.

1.2.4.2.1.2. Use of the Results of Research and
Development for Developing Countries

People have been working hard to solve
environmental problems through development
of alternative energy resources, such as nuclear
power and natural energy, technology for
efficient use of energy, and alternative materials
for CFCs. Research and development on these
matters are conducted under the leadership of the
advanced nations. However, from now on,
establishment of a foundation to ensure smooth
application, popularization and transfer of the
technology developed for solving the global
environmental problems will be an important
issue. Developing countries will need this
technological know-how at low cost. If it is
difficult for them to introduce expensive
technology which is kind to the environment,
they may be tempted to adopt cheaper
technology. In order to prevent such cases,
policies are necessary to make it easy for the
developing countries to utilize environmental

protection technology developed by the advanced
nations.

1.2.4.21.3. Efforts Urged Worldwide Concern-
ing Science and Technology

Concerning the CFCs, it was agreed that
certain kinds of CFCs would be removed by the
year 2000, according to a reduction plan
stipulated in Montreal Protoeol on Substances
that Deplete the Ozone Layer in June 1990. As
for global warming, the Intergovernmental
Panel on Climate Change (IPCC) is studying
scientific  knowledge, environmental/social
economic effects of, and countermeasures.
Consultation has been conducted with the aim
of working out a draft of an agreement on a
climate change framework by the time of the
United Nations Council for Environment and
Development (UNCED) scheduled to be held
next June in Brazil. To establish such
international goals, highly reliable data and
scientific  information are necessary, but
environmental problems still involve a number
of aspects which are yet to be elucidated. We must
strive to illuminate the problems through united
efforts by governments.

At this critical juncture in global history, apart
from fostering domestic industrial technology,
policies should be promoted which reflect
researchers’ opinions, from an international
point of view, and efforts should be made to
develop technology for solving environmental
problems. Public research institutes in each
country should gather to play a leading role in
comprehensively seeking scientific understand-
ing based on data and advanced technology.
Establishing such an environment is in great
demand internationally.

In the manner that Japan’s companies
overcame past restrictions on automobile
emissions due to severe regulations, private
companies also are expected to play an important
role in the development of technology for
solving environmental problems. Practical
measures to settle the problems in promoting the
private sector’s development of technology will
be useful. For this purpose, standardization of

Science and Technology Agency



Globalization of Scientific and Technological Activities and Issues Japan is Encountering

(%)
e e L e L e
27.2
aplfuberA b Beg iy bbb . sidxebenl adt 2
22.0
19.8
s B G, RS ) RS / -

ey
1 . % _______ é _______ H-

0.5 1.0

G /ﬂ e s -} | Fard i |
(A) ®) © ©) (E) (7 (@)

{A) Standardization of legal restrictions among countries
(B ) Developed nations’ leadership in setting goals and promoting effective countermeasures
{C) Mutual understanding of differences in recognizing specific problems
(D) Smooth promotion of international joint research
( E ) Understanding by developing countries of environmental issues
{F) Others
{G ) Changes not necessary
Figure 1-2-26. Changes in global environment necessary for private
corporations to contribute to solving global problems

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(F¥1991)"
. Investigation of Development of Invastigation of Developmant of
Global ervironmental phenomenon of ozone  substitutes for global greenhouse  technology for
(%) problems general layer destruction CFCs affect fixing carbon dioxide
'm- - - - e L =g — as oy .. e ey = — = = — P By & e
DT B OO0H F L
T s ol i s O A E e b . | E
d i E NN - B B lEN N A =] B
o2 db LU UL BIRLEL Bl B E R
. e PR
kB L] | P = ] Bl B d BB
I I O = e O o ] O A B Bl B
60- dl 110
o b ig“ i o0 i b o -\f: o ~ 4
N R R DB E
-c% :%g- ¥ fg f ﬁ.a, E\% ,\.,_E : :E-
0 i LR b Eg
o =N B i i [
LA e | i i3 = ool I S
w B B B LT |
20 i ‘ | ]
o LR 2 o - - i - 5
A -B G D A B C D A B COD A B C D L"H Cc D
A. Total Eﬂthara, Mo response

B. Mational research institutes
G. Universities and Colleges :
D. Private Corporation B both

(M Japan should stress research activities in Japan

| Japan should stress international collaborative research
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regulations and restrictions among countries, the
setting of goals, and the promotion of concrete
measures under the leadership of advanced
nations also will be useful as effective policies
(Figure 1-2-20).

All the countries of the world, because they
co-exisl on earth are Ie.spunsib]u for setting up
methods  for effects  of the
consumption of fossil energy. ultimate tech-

measuring

nology, and new materials that will be invented
or developed in the future, in an effort to
establish economic f'l:'l.l'H"]"IEl.lli.‘il!I’!.‘i .a.!'u‘l lifﬂﬁl}flts
which are kinder to the earth’s environment.

1.2.4.2.1.4. Japan's Role
Japan should utilize its high-level R&D

capability for technological development -
alternative energy resources for petroleum, the
efficient use of energy, development of
substitutes for CFSs, fixation of carbon dioxide,
etc. Moreover, it is required that Japan take an
active part in international cooperation in
research on the destruction of the ozone layer,
the elucidation of the global warming
phenomena and its effects on the society and the
economy (Figure 1-2-27).

Besides multinational joint cooperation,
accumulation of the results of observations made
in many different places will be useful to
understand global-scale phenomena. Therefore,
each country should continue conducting basic

observations. Most of data on the earth's

Table 1-2-28. Observation points of background ambient air pollution (CO»
monitoring through BAPMON (WMOQ))

Country | MNo. of | Year observation Locations
points staried

us 4 1958,73,76,81 Hawaii, Alaska(Barrow),Samoa,
Antarctic

USSR 4 - Movosibirskie Is, Northern Part
of Kora Peninsula, Bering
Island, Atlantic Ocean

Germany & 1981 Within Germany

Canada 3 1975, 76 North Polar Region, Eastern
and Western End

Australia 1 1976 Within Australia

laly 1 1978 Within lualy

France l 1981 Indian Ocean
(Amsterdam Is)

Mew 1 1981 Within New Zealand

Zealand

Peru I 1983 Within Peru

Japan | 1987 Ryori{Sanriku-cha, Iwate Pref.)

Hungary | Within Hungary

Spain I Canary Is.

Barbados I - Within Barbados

Source: WMO
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environment, such as those on the concentration
of carbon dioxide, have been accumulated so far
through observations by the US, in addition to
international bodies, but Japan, too, must also
take positive action, beginning with our public
research bodies’ activities (Figure 1-2-28).

It is expected that Japanese private enterprises
will cope with environmental problems more
positively by utilizing their world-renown
technical capability. In April 1991, the Federa-
tion of Economic Organizations (Keidanren)
announced its charter on the environment of the
earth. In addition, according to the Survey on
Private Enterprises’ Research and Development,
48% of surveyed private

examining

companies are
conducting  or research  and
development to cope with environmental
problems. Japanese enterprises are becoming
more interested in environmental problems;
government efforts to disseminate appropriate
information should take place.

1.2.4.2.2. Securing the Foundation for Living

All the fruitful results of science and
technology and things people create come into
the hands of those who use them. In the process
of globalization of scientific and technological
activities, it is also one of our common values
that science and technology is to be used to
secure the foundations for the continued
existence of mankind.

Preventing the proliferation of nuclear
weapons is an important task for mankind to
keep peace in the world and to secure humanity’s
base of existence, for example. The safeguards
measures by the International Atomic Energy
Agency (IAEA) based on the nuclear
Non-Proliferation Treaty (NPT) is one of the
actions international society has worked out for
this purpose. The objective of the TAEA's
safeguards is to monitor nuclear materials so that
they are not converted into nuclear weapons.
Such a monitoring system is expected to deter
governments from being tempted to use their
nuclear capability, originally used for peaceful

purposes, to produce nuclear weapons. IAEA’s
inspections ensure international control of
nuclear materials.

Japan follows the principle of peaceful
purposes in conducting research, development,
and utilization of nuclear power based on the
Atomic Energy Act. The Japanese government
signed the NPT in 1976, and the safeguards
agreement with the IAEA in 1977, based on its
domestic safeguards system. The Japanese
government has been calling for other
governments to sign the NPT, and to conclude
a safeguards agreement with JAEA as well as to
accept its inspections,

If rocket technology, etc., is applied to a
nuclear delivery system, international tension
will increase drastically. Japan therefore is
requesting  that

international guidelines for export restrictions

other countries follow
on technology that could contribute to a nuclear
delivery system, capable of propelling missiles
more than certain weight and distance. It is also
necessary to lay down stricter restrictions on
exports of biological and

technology that may lead to proliferation of

chemical-related

biological and chemical weapons. In September
1991, the conference to review the Convention
on the Prohibition of the
Production and Stockpiling of Biological and
Toxic Weapons and on their Destruction (BW
Convention) is going to be held to foster
confidence in this

Development,

measures to secure
Convention, and to introduce effective systems
for verification.
1.2.4.2.3. Developing
Countries

To promote science and technology in
developing countries, Official Development
Assistance, the manufacturing industry’s direct
investment, and the increase of Japan's imports
are surf:l}' effective. Besides, nurturing quuiified

Cooperation  with

scientists is critically important so that science
and technology will find its niche and be utilized
to motivate the development of their societies
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and economies. In this sense, advanced nations
should not provide them with one-sided and
temporary assistance. Advanced nations must
respect the developing countries’ aspiration for
self-sufficiency, and then co-operate with them
in their self-supporting efforts for sustainable
development. Japan seeks to closely cooperate
with these developing countries as one element
of our international contribution. Esp&eially
cooperation in the fields of science and
technology contributes to the development of
such countries by assisting them to develop
human resources.

The acceptance of researchers and engineers
from developing countries and the dispatch of
Japanese experts are important to improve their
R&D. Taking their actual

circumstance into consideration, Japan should

foundation for

continue its cooperation with these countries. It
goes without saying that cooperation with
developing countries requires a lot of efforts not
only by governments but also by private
companies. [n order for Japan to be welcomed as
a member of the world’s society, Japanese
enterprises need to appoint more local employees
as managers or directors and to harmonize their
business expansion with the development of
local areas,

1.2.4.3. Common Frameworks for the
Promotion of R&D Activities

1.2.4.3.1. Relations between R&D Activities of
Private Companies and Governments

[T'.I recent }'f‘!ﬂr-‘:i.. Flri‘h"ﬂt{: tﬂlllpﬂ.n i.ﬁﬁ I'IH.\'E COmme
to conduct basic research actively and deserve
government  support. The government’s
excessive intervention in private companies’
activities may obstruct the development of the
markei economy at home and abroad. But in the
case of basic research, governmental support may
not affect the markel economy so much, so
assistance may be justified. In June 1991, based
on the Technology and Economy Program, the
Organization for Economic Cooperation and

92

Development (OECD)’s Ministerial Council, in
its policy statement on technology and economy,
stated that the actual state of governmental
support in various countries should be analyzed,
and that the possible need for guidelines on
government support to R&D would be examined.
[t is important to aim at harmonizing each
country’s scientific and technical policies with
others.

1.2.4.3.1.1. Governmental Support for Private
Companies’' R&D

In considering the issue of governmental
support for private companies, we need to see
how research funds flow from various countries’
governments to their private sectors. In Japan,
the ratio of R&D expenditures financed by
government is very small. Moreover, the share
of government funding in total research
spending by industry is extremely small in
comparison with other advanced countries
(Table 1-2.29). With regard to government-
sponsored  or  government-supported R&D
programs, there is no indication that Japan
stands out in these activities (Table 1-2-30).
These data suggest that the outstanding strength
in competitiveness of Japanese private compa-
nies is not due to government support of their
R&D, but to the strenuous effort of these
companies themselves,

1.2.4.3.1.2. Participation of Foreign Resear-
chers and Companies in the Government's R&D
Activities

It is worthwhile to invite researchers and
companies from abroad to take part in the
governmental R&D projects, so that they have
more opportunities to work in Japan and to
exchange ideas with Japanese researchers. In
Japan’s recent initiatives, such as Exploratory
Research for Advanced Technology (ERATO),
the Frontier Research Program, the Basic
Research Core System, participation is promoted
of excellent researchers from throughout the
world. Also, foreign companies are beginning 1o

Science and Technology Agency
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take part in the Largescale Industrial
Technology Research and  Development
Program, and the Research and Development
Program on Basic Technologies for Future
Industries. Wider participation in Japanese
governmental R&D activities will facilitate other
countries’ understanding of Japanese R&D

systems. This is expected to contribute to
enhancing the transparency of the Japanese R&D
system and to improving mutual understanding
with other countries’ governments.

For foreign participation in government
sponsored projects, the difference in the patent
systems between Japan and other countries may

Table 1-2-29. Flow of government research funds into industry by selected countries

(Unit: ¥100 million)

Japan LS. Germany France UK.
(FY1989) (17 19940 (FY 1989) (FY1983) (FY1988)
Ammounts Share A Mo Share | Amounts | Share | Amounis Share Amounts Share
1,028 1.2 71,300 3z 4,526 11.5 3 646 22.4 3,888 16.5

Note: Share shows percentage of the whole industry’'s R&D expenditures

Compilation: Science and Technology Agency

Source: Same as Figure 2-1-1 for Japan, US and Germany. OECD Statistics for France, Cabinet
Office: "Annual Review of Government Funded R&D" for UK.

Table 1-2-30. Some examples of government-sponsored or government-supported programs
relating to private corporations in Japan, the US and Europe

Japan Cooperative Development of Industrial Technology etc. (JRDC)
Large-scale Indusirial Technology Research and Development
Research and Development Program on Basic Technologies for Future
Indusirics
Japan Key Technology Center
Bio-ariented Technology Rescarch Advancement [nstitution
Adverse Drug Sufferings Reliel and Research Promotion Fund
elc.

s High Performance Computing and Communicaiions
Advaneced Manulacturing and materials
Semiconductor Manulacturing Techrology (SEMATECH)
Advanced Technology Program (AT
Enginecring Rescarch Cenlers
Gans 1C Program
elc.

Europe Frumework Program (ESPRIT, RACE, BRITE etc.)
BURLERA Program
eI,

Source: Science and Technology Agency
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cause problems. In Japan, when the entity,
having accomplished the research, intends to
implement the patents obtained by the research,
royalties should be paid exeept for specific cases,
but some developed countries allow this kind of
use free of charge. In Japan, the aforementioned
special cases are seen only in industrial
technology areas on the condition that the
principle of reciprocity is respected. Because
international joint research will increase in the
future involving patents held by the government,
Japan will be required to review and improve its
present system to one more consistent with other
countries’ systems.

1.2.4.3.2. Intellectual Property Rights

With the rapid advance of the globalization of
cconomic activities in recent years, there is a
growing circulation of technology which should
be protected by intellectual property rights
(IPR), and IPR are increasingly becoming more
important.  International harmonization s
strongly required for the protection level of IPR,
procedures for obtaining rights, implementation
of these rights, etc.

1.2.4.3.2.1. Disputes over Intellectual Property
Rights

Technology is circulating across borders more
than before, Japanese private companies’
science and technology activities increase,
Disputes with other countries are expected to
increase over IPR. According to the Survey on
Private Enterprises’ Research and Development,
those who replied that: “Disputes over
intellectual property rights are increasing”
exceed those who replied that: "Disputes are
decreasing”. According to the results by country
(or by region), 242 of the companies replied that
disputes with the US are increasing. 11% replied
that disputes are increasing with Europe, and 9%
with Asian NIEs. Problems are increasing in
countries  (areas/regions) where overseas
research and development facilities of Japanese
companies are being established (Figure 1-2.31).
In addition, Japanese companies which have
research and development facilities in the US,
Europe, and also in Asia replied that the problem
concerning [PR will increase in the future as one
issue of management of research (Figure 1-1-49),
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Figure 1-2-31. Conflicts on intellectual property rights in private corporations

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY1981) "
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Figure 1-2-32. Present and future S&T-related problems with the US faced by private corporations

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY1291)"

Furthermore, in rf‘.]::-lics to the statement "What
is expected to become a problem related to
science and technology with. the US in the
future?” companies mentioning [PR reached
nearly 50%. This indicates that Japanese private
companies are taking the problem of IPR
seriously(Figure 1-2-32).

1.2.4.3.2.2. Major Recent Movementis on

Intellectual Property Rights
By the time of the so-called Young Report

(Global Competition: The Reality;

President’s Commission on Industrial Compe-

Mew
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titiveness) in 1985, the US became aware of the
necessity  of by
strengthening the protection of IPR to restore
industrial competitiveness. Since then, the US
has advocated strengthening the protection of

IPR  through
negotiations, The US is the only developed

continuous  innovation

multilateral and  bilateral
nation which has adopted the principle of "first
to invent”. Moreover, concerning applications
for patents from outside the US, the US uses the
day of patent application as the day of invention:
it therefore seems to discriminate belween

applications from inside and outside the US.
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Within developing countries, a group headed
by India and Brazil holds that IPR would put a
brake on the development of developing
countries. Especially concerning patents, they
claim that a weak protection of patents reflecting
the status of industrial development of each

country would be sufficient. From the viewpoint
of advanced nations, problems with this view are,
for instance, there is no protection of new
chemical materials and pharmaceuticals, and
when there is, there is only a short period of
protection.

Table 1-2-33. Activities of international organizations on intellectual property rights etc.

Intermational
Organizations

Objective, Details, Progress, elc.

WIiPrQ

Initiated wpon the effectuation of the World Intellectual Properly
Organizalion Extablishment Treaty in 1970. The deliberation of
the supplement treaty for the Paris Convention on Paient (patent
harmenization trealy), was begun in July 1985, aiming at
eslablishmeni of the international standards of patent system.
The 1st Diplematic Conference was held in June 1991,
Similarly, studies on plan of a trademark harmonizalion treaty
have been conducled since Movember 1989, Also, studies on a
mechanism (treaty) 1o solve disputes between couniries relevant 1o
intellectual property rights have been conducted since February
1994,

GATT

The US liled an trade issue relevan! to intellectaal propenty
rights, including counterfit goods and pirated edition 1o GATT,
aiming at heightening the protection level of inlellectual
properly rights. Al the beginning of Uruguay Round of 1986,
GATI Ministerial Conference took up TRIP (trade-related
aspects of intellectual properly rights including trade in
counler(il goods) as one of the major agenda. Countries have
been working on this TRIP negotiation for reaching an
agreemenl.

UrPOW

In September 1982, Japan joined UPOV. The revision dralt
which aims at protection of the right of new plant breeder, to
meel the rapid progress of biotechnology in plants, was adopied
at the diplomatic conference in Geneva in March 1991, Revised
items relate 1w: swengthened right for new plant; introduction of
subordinate relationship; expansion of the p]_anis to be
profecied to cover all types of planis; extension of prolection
period; change in protection method (deletion of provision
barring douhle protection).

UNCTAD

While developed countries take initiative of GATT, and examine
the revision of inicrnational patent systems and the [ormation of
internativnal rules concerning lechnology transfer, developing
countries hold UNCTAD meetings once about four years.
UNCTAD siudies cconomic issues such as technology transfer.
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Systems for intellectual property rights differ
from country to country, and international
bodies are making efforts to harmonize them and
solve relevant issues (Table 1-2-33). The World
Intellectual Property Organization (WIPO) aims
at making international rules for patent systems.
WIPO has been holding meetings of experts for
discussing such items as a unified principle of
application first, the unification of the term of
validity of patents, an obligation to announce
applications for patents, time-limits for search
and examination, and approvals for applications
in the native language. The first diplomatic
conference was held this year to mark a
significant step forward. Moreover, the GATT/
Uruguay Round, too, has taken up intellectual
property rights as one of the items for
negotiations, in relation to trade. Some of the
above-mentioned items are being studied at
WIPO and the compulsory right to use a patent
has been examined. Besides, standards for the
protection of trademarks,
copyrights including computer programs and
semiconductor chip layout designs, and rules for
exercising intellectual property rights (enforce-
ment) have been studied in order to make
international rules.

logotypes, and

1.2.4.3.2.3. Japan’'s Response

Japan has realized fully that intellectual
property rights are becoming important inter-
nationally. Japan has contributed to inter-
national society by making concrete proposals
and attempting to coordinate among countries at
the above-mentioned fora. Incidentally, in Japan,
there are too many applications by private
companies; thus, the examination takes twice as
long as in the US. For this reason, the US is
strongly urging shortening of the period of
examination for a patent with the aim of
strengthening the protection of intellectual
property rights against Japan. A large number of
applications for patents reflect Japanese
companies’ enthusiasm for technological deve-
lopment, but on the other hand, patented

inventions account for only 30% of the total
applications. This percentage is much lower than
those of the US and Europe. The Patent Agency
therefore encourages not only proper applica-
tions and claims, but also shortening the period
of examination by taking measures such as
increasing the number of examiners, promoting
the paperless system and improving examination
capacities by using personnel in the private
sector.

With regard to relations with developing
countries, the Patent Agency is sending experts
and accepting trainees for cooperation in setting
an intellectual property rights system and
making its operation smooth. At present, besides
cooperation through the Japan International
Cooperation Agency, Japan is providing funds to
WIPO. Japan's cooperation is expanding in
quantity and in quality.

1.2.4.3.3. Standardization of Industrial Products

According to the results of the "Survey of
Private Enterprises’ Research and Develop-
ment”, Japanese private companies consider that
standardization a desirable
common framework for all the countries of the
world to conduct research and development,
following a unified intellectual property rights
system. This indicates that international
standardization is important for the globalization
of private companies’ research and development
activities (Figure 1-2-34).

International standardization will contribute
to the removal of technical barriers on the trade
side, which will lead to inereased international
trade. Also, it will have some good effects;
world-wide circulation of information and a joint
ownership of data, the forming of a base for
international cooperation
technical fields, and the fostering of a foundation
for the development of industries in develnping
countries.

Japan has been pushing internationalization
of standardization activities so far, along GATT
guidelines, but under the present international

of products is

in scientific and
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Figure 1-2-34. World-wide common framework for R&D activities hoped for by private corporations

Note: Multiple responses

Source: Science and Technology Agency: "Survey on Private Enterprises’ Research and Development

(FY1991)"

situation, Japan not only enjoys the merit of
international standardization, but also has to
conform still further its Japan Industrial
Standards (JIS) to international standards and to
actively participate in international standardiza-
tion activities at the International Organization
for Standardization (IS0), the International
Electronic Commission (IEC), and the Inter.
national Telecommunication Union (ITU), aUN
specialized agency. Great expectations are placed
on our country’s contribution to standardization
especially in the technical fields in which Japan
has technical prominence world-wide.

98

1.2.4.3.3.1. International Standardization of New
Materials

To promote international standardization,
lapan has taken part in the Versailles Project on
Materials and Standards (VAMAS), an inter-
national cooperation project on tests and
evaluation technology in the new materials field
from the stage of research and development. For
example, Japan has been conducting joint
research activities at all technical working
groups for superconductive, very low tempe-
rature structural materials,

ceramics, eto.
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VAMAS was one of international cooperation
projects agreed to at the Versailles Summit held
in 1982. Its objective is to construct an
international coordinated technological base
necessary for setting standards and specifications
for the use of new materials in order to develop
and promote trade in new technology and to
remove technical barriers against such
development and promotion. Attention is
focused on new materials as a key to
technological innovation in many
advanced fields, such as those of electronies,
energy, aviation, and space. New materials are
ceramics, high polymer materials, metal
materials,and compound materials, etc. In these
fields, Japan should not only play a role as one
participating country but also should bear a
leading role due to our highly advanced
technology and capability of research. VAMAS
has been continuing cooperative activities
among the Summit-member nations, and is
expected to continue also after 1992, Therefore,
Japan should continue its cooperation including
the participation of industrial, academic, and
government circles.

In addition, a new expert committee, the
Technical Committee on Superconductivity
(TC90). was established in 1989 at the
International Electrotechnical Standard Com-
mission (IEC). International standardization is
planned to be carried out under the leadership
of Japan, the managing country. It then is
expected that research and development/
practical use will be promoted based on the
standardization of tﬂrmiuulugifrs* test methods,
ete.

highly

1.2.4.3.3.2. International Unified Standard for
High Definition Television

High definition TV (HDTV) is an example of
which other countries did not reach agreement,
though Japan as a leading country made
considerable efforts for coordination. Japan,
ahead of other countries, started development of
HDTYV in the 1960's in cooperation between the

Japan Broadecasting Corporation (NHK) and
electric appliance companies. After 1970,
development of its hardware was started in
earnest and new compressed
technology was developed in 1984. At the time
of the international science and technology
exposition (1985 Tsukuba Exposition), a total
for HDTV had been completed;
transmission by terrestrial waves was tested. A
regular test broadcast started in June, 1989,
through satellite broadcasting. Development of
various kinds of equipment for HDTV has

transmitting

system

reached the stage of practical use. If the Japanese
high definition system is adopted, this will
become one case where the resulis of Japan’s
technical utilized
throughout the world.

development  will  be

Concerning international studio standard for
HDTV, discussions have been held since 1972 at
the International Radio Consultative Committee
(CCIR). and there has been a confrontation
between the Japanese high definition system and
the European system. In May, 1990, the CCIR
issued a recommendation, and an agreement was
reached on many items for the unification of
standards, such as the aspect ratio. The US at first
agmcd to the Japam—rstt pru}}{}sal. but in 1989
changed its policy and withdrew support for the
Japanese proposal. For this reason, Japan, the
US, and Europe are continuing to endeavor to
completely unify the standards. HDTV is an
example of technological areas where Japan has
world-level high technological abilities and
where Japan is expected to play an important role
in unification of the standards. But the
unification is facing rough going due to each
country’s strategies on technology. This is an
example showing the difficulty of unifying
standards/criteria internationally.

1.2.4.4. Promotion of International Joint
Research

1.2.4.4.1. International Joint Research
It iz expected that expansion and mixing of
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research fields will continue; interdisciplinary
Joint research is Iikel}r to increase. Also, joint
research will be conducted not only inside a
country but across national borders as well.
According to the "Survey of High-Tech
Researchers and Engineers”, 72% replied
that "exchange of information and literature”
was the main content of international exchanges.
66% replied "dispatch and acceptance of resear-
chers and other personnel”, and 57% replied
“discussions on results of research”. Those who
replied “joint research” totaled 50% (Figure
1-2.35). Moreover, in reply to a question asking
the reasons for doing international joint

research, 38% replied "to compare results of
research  in  different  approaches”™. "To
compensate knowledge and technology each
other” and "to seeking research partners because
there is no partner in Japan” were both selected
by 27% (Figure 1-2-36).

Furthermore, in reply to a question about the
conditions for cooperating in doing international
research, 57% replied "Existence of Mutual
Reliance™, 187 replied "Existence of agreements
on intellectual property rights”, 10% replied
"eontributions  of  co-authored papers”.
Researchers at national research institutes and
universities replied mostly "Mutual Reliance”.

?‘r lfl EID 30 40 50 &0 70 BO a0 100 %
Total / 56.8% . 0%
| A % . B
_ 7 /////////////// o .
National research i : C0.0% 2.
s / 20 // %,ﬁ%u
7 : g o
Universities/colleges %////W//Lﬁ; 4.50% +15.5%1.2%
PN S — |

/71 Mutual reliance

Agreements on intellectual property rights

Contributions of co-authored papers

E No specific conditions

[T conducting no interational cooperation
[ ] No intemational cooperation necessary in the company's field

@Dﬂm

Figure 1-2-37. Conditions for international cooperation

Source: Science and Technology Agency: "Survey of

WHITE PAPER ON SCIENCE AND TECHNOLO

High-tech Researchers and Engineers, (FY1291)"

GY 1991 101



Globalization of Scientific and Technological Activities and Issues Japan is Encountering

As for researchers in private companies, the most
numerous replies were "Existence of agreements
on intellectual property rights”. In each
individual case, it is important to facilitate
smooth exchanges of international research in
order not to cause any trouble between
researchers (Figure 1-2-37).

In addition, concerning joint research with
developing countries, surveys and research on
tropical forests, oceans, deserts, gene resources,
etc., in which nature and the geographical
characteristics are made full
conducted. Local desire should be respected
furthermore conducting joint research.

use of are

1.2.4.4.2. Megascience

According to the "Survey of High-tech
Researchers and Engineers”, a majority (60%) of
researchers’ believed cooperation in megascience
"= desirable, but there should be little diversion
of funds from areas”, Those who
replied "should cooperate positively, even if

other

(%)
70

Al

e

R

some funds will be diverted from other research
areas”, and those who replied "no need to
cooperate, if that would mean diversion of funds
from other research in areas”, accounted for
almost 15% each (Figure 1-2-38). If we take part
In megascience projects, ordinary research, also
called small science, should be adversely
impacted to the smallest extent.

Regarding megascience, it is important for the
concerned o COmMmon
perceptions about it. When promoting it, it is
important to fully exchange views internation-
ally from the concept-formulation stage. If one
country calls for other countries’ participation
after finalizing a concept, it will likely cause
difficulties in securing others’ participation.
Moreover, although it is not easy, a method for
judging the necessity of establishing large
facilities with international cooperation should
be created. To implement a plan, must keep their
promises. If a country promises to share research
activities and research expenses, it must not

countries have

All Researchers
Mational Research Institutes
Universities and Colleges
E= Private Corporations

{A) Should cooperate positively, even if some funds will be diverted from other research areas
(B) Cooperation is desirable, but there should be little diversion of funds from other areas

(C) Mo need to cooperate, if that would mean diversion of funds from other research areas
(D) No need to conduct international cooperative research in Megascience.

(E) Mo opinion

Figure 1-2-38. Researchers’ attitude toward megascience cooperation

Source: Science and Technology Agency: "Survey of High-tech Researchers and Engineers (FY1991)"
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cause any trouble by breaking its promise.

Countries that consider participation in a
project should study in advance the following
items: what the research means and the expected
results should the research be suceessful; what
conducting international cooperative research
means for the country; understanding the
research and development capability of other
participating countries and each country’s role;
relations with other negotiations and existing
cooperative projects. After a plan starts, the right
to make changes should be ensured through a
management framework. In any case, at least
judgments concerning the direction of the policy
should be made promptly if a proposal is made
by another country for participation.

When promoting a certain plan, the following
matters will be important: to make the objectives
of a plan clear before it starts; to clarify the
method for making changes; to manage a plan
efficiently and facilitate smooth international
cooperation; to estimate and secure the expenses
necessary to keep facilities/plans; and to ensure
appropriate  protection and
intellectual property rights. In addition, it ought
to be considered whether a plan should be
composed of two parts - one in which all
countries will participate and the other in which
some countries upon their choice will
participate. Furthermore, depending on circum-
stances, it also should be considered whether a
time for a review of participation will be set.
Countries in which research facilities will be
constructed need to provide an appropriate
environment by preparing a system to accept
researchers from every participating country so
that the plan will be successful. This is different
from countries merely providing funds or
dispatching researchers.

When considering megascience projects, it
will be necessary to study at existing frameworks
of bilateral cooperation and international bodies,
thus leading to mutual understanding among the
countries concerned.

allotment of

1.3. Our Expectations for Science
and Technology at this Critical
Juncture in the World’s History-
Tasks and Prospects for Japan

1.3.1. Changes in the World and Science
and Technology

Because of steady efforts, science and
technology has become one of the indispensable
elements in our society. Without specifically
being recognized, it is not only felt in our daily
lives, but also in globally. The drastic social
changes, exemplified by perestroika in the Soviet
Union which led to the democratization of East
Europe and the dissolving of the Warsaw Pact
and the unification of Germany, are said to have
been caused primarily by the big economic gap
between the East and West. But primarily they
were caused by the fact that in the western world,
the progress of information and communication
technology has been so rapid that it had become
impossible in the Eastern bloc
controlling information.

On the other hand, after many years of
expanding our activities in a great variety of
fields, we came to learn of such environmental
problems as global warming, caused by an
increase of carbon dioxide, and the gradual
destruction of the ozone layer because of the use
of CFCs. Global countermeasures are necessary
to try to find solutions. Although it has been
discussed, for instance at the Club of Rome in
the 1970's, that the earth i= finite, I}HUPIH have
had to come a long way before they actually
understand the importance of these problems.
The economic gap between the North and the
South was pointed out long ago as a serious
problem, yet the gap is widening further, rather
than being narrowed. To settle these problems,
science and technology is becoming ever more
important; great expectations are placed on the
ways and means which science and technology
activities would possibly be able to provide us.

Lo I-L{-:Hp
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1.3.2. Japan in the Face of Globalization
in Science and Technology Activities

Along with the progress of the Japanese
economy, the international community is
expecting much more of .Ta:-t}mn than .]apanese
imagine. In Japan, calls for "internationaliza-
tion” have been heard for a considerably long
time, but we tend to think domestically because
of the limited volume of information from
abroad. We thus are required to take a broad view
of things; we need to persevere in our efforts not
to widen, but to narrow the difference between
other countries’ views of Japan and ours. Science
and technology is an original field in which it
is proper for us to contribute to international
F-:ii.:it'.t'_','.

As analyzed in Chapters 1 and 2, science and
technology activities have expanded across
borders and the interdependence between
countries has greatly deepened. This deserves to
be called “Globalization”. In our country,
progress in science and technology, especially as
made by private enterprises, has been marked
both inside and outside Japan, as witnessed by
the increase in high-tech exports to the world
market, improved quality of registered Japanese
patents, and sharp increases in the number of
R&D facilities established abroad. However,
when compared to the level of technology we
have reached, our basic research still has a long
way to go, as understood from the relative level
of basic research and from statistics on the
number of citations and co-authorships of
research papers, and the number of Nobel Prize
laureates in Japan. The imbalance between the
level of hasic research and that of technology,
represented by high-tech products, is extremely
large in Japan compared with other advanced
countries. This situation is reflected in the US
and European countries’ criticism of Japan as
a "free rider” on the success of basic research
obtained in other countries. In the eyes of other
countries, Japan sometimes appears to be
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a "black hole” which only absorbs but does not
give off, information - it is said that this notion
underlies the potential anti-Japanese sentiments
in the US and Europe. We may have failed to
recognize the importance of basic research, being
too much captivated by the success of high
technology, especially in the fields of
information and communication technology.

1.3.3. Tasks Facing Japan

One of the most important issues at the
moment is what action Japan is going to take in
the future. Science the Meiji era, Japan has
benefitted from the fruits of science and
technology, including basic research, brought in
from European countries and the US. Even if
other governments are tempted to take
protectionist  policies, partly because of
apprehension about Japan’s success, we have to
take the initiative to advocate globalization of
science and technology activities based on a
positive-sum view, so that other countries as well
would be able to enjoy the fruits of Japanese
activities. The first task is "to become a genuine
member of the world research community by
harmonizing domestic activities with those in
other countries”. The second task is "to play an
active role in establishing respectable values and
rules common to each country in order to support
the globalization of science and technology
activities”.

1.3.4. Achieving Internal Globalization
Our goal should be to make domestic
R&D activities as a genuine member of
the world’s research community.

To improve and develop basic research in
Japan, the first task is to improve various factors
research activities, including
research expenses, personnel, facilities, support
activities and international exchange systems. In
other words, its goal is to accomplish “internal
globalization”.

to  enhance
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It is necessary for our country to ensure that
the results of Japanese research and development
will diffuse to other countries to the same degree,
or even higher, as has been the case with US and
European research results. This requires that
Japanese research institutes should function as
a center for the creation of public assets or
intellectual stocks which would attract foreign
researchers to work in Japan. Basic research
should pursue truth or develop solutions for
global environmental problems for the
co-existence of people with the earth, rather than
giving priority to finding technological sprouts
which grow into industrial development. In
these essential areas, Japan is not yet a center of
research or a source of high-level information,
although globalization of science and technology
activities has been making progress in Japan to
some extent. This is understood also from replies
to a questionnaire by Japanese researchers that
they feel isolated from international researchers’
networks.

To im];lruve this situation, the first task is to
enrich research and development activities in the
public sector.

Second is to secure human resources. Large
numbers of excellent researchers are indis-
pensable to supporting high-level science and
technology activities. A concern is that science
and technology is becoming unpopular among
young people, as seen in a decrease these days in
the number of high school graduates who enroll
in university departments of science and
engineering. This has cast gloom on the future
progress of science and technology in Japan, and
is compounded by an expected sharp decrease in
the population of young people at the beginning
of the 21st century. Countermeasures should be
taken as soon as possible, because this type of
problem takes a long time to solve. Science and
technology, in every aspect, bears a very
important role in supporting the prosperity of
mankind. To encourage young people to enter
the fields of science and technology, it is
necessary to hand down the excitement and

pleasure that only the researcher can feel at the
moment of the discovery of a truth or invention.

Third is that we have to exert ourselves to
improve the
research environment in Japan no doubt is
inferior to those of Europe and the US.
Nevertheless, the level of science in Japan has
been rising, resulting from fierce competition
among researchers as well as from their devoted
efforts. However, il is not desirable for a society
to depend excessively on individuals’ efforts and
their patience. We must change current values

"research  environment”. The

s0 as to place more stress on people’s creative
activities. We must make it possible for
researchers in Japan to carry out their research
in an environment equivalent to that at the
international level.

Fourth is to promote the acceptance of
researchers from abroad and to improve the
infrastructure needed to do this. The government
has been promoting the acceptance of researchers
by national research institutes and universities
since the new Japan-US Science and Technology
Cooperation Agreement was signed in 1988, and
some successes have resulted. There are
indications that research institutes in the future
will have a larger number of fﬂrﬁign citizens. It
is still necessary to prepare a more flexible and
campr&hensjue system to support researchers
from other countries in all aspects of their
activities and life in Japan, including offering job
opportunities for their spouses and education for
their children. To lighten the burden of
individual Japanese researchers in helping out
these foreign researchers, we need to set up a
comprehensive system, including organizing
volunteer similar to those of
universities and colleges in Europe and the US.
Improvement of the English proficiency of the
Japanese people is not only a task of researchers
but also that of those who will help foreign
researchers to live in Japan.

activities,
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1.3.5. Commitment to Common Values
and Rules

The second task aims at playing an active role
in establishing values and rules common to each
country throughout the world.

In creating common values and rules, the first
important point is that science and technology
activities must serve the harmonious coexistence
of mankind and the earth. Regarding environ-
mental problems, among others, advanced
nations are required to take the initiative and
secure long-term cooperation in conducting
scientific analysis. It is difficult to find
something decisive to improve the gap between
the Northern and Southern hemispheres in the
face of the increasing population in developing
countries. It is necessary to stress wide-ranging
cooperation with developing countries in science
and technology areas, so that they can strengthen
their technological capability base, which will
help them acquire a higher level of self
sufficiency.

The second important point is to provide
researchers in private companies in different
countries with similar conditions (a common
framework) to conduct research and develop-
ment, for instance regarding participation in
government-sponsored or government-supported
research projects, intellectual property rights
systems, etc. In recent years, Japanese private
companies have been establishing more and
more research facilities overseas, and have been
hiring a large number of researchers locally. This
movement has been much more rapid than were
the cases of foreign businesses establishing
research facilities in Japan. We need to be
cautious so that this kind of movement itself will
not lead to apprehension and frictions abroad
which now are expected.

The third point is that countries need to build
4 common view on how to cooperate with each
other in conducting international joint research
programs including those related to mega-
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science.

The last point is that in case Japan intends to
help establish common values and rules, or in
case one country enforces a strategic science and
technology policy, this country should have a
good mutual understanding with other countries
concerning the prevailing world's framework,
since countries are becoming more and more
interdependent in terms of science and
technology. It is not easy for the Japanese people
to have an objective view of their own country.
Yet through the surveys by STA and the US
Department of Commerce, it was made clear that
responding researchers have fairly similar views
on the Japanese and US technological levels,
Information on the perceptions of specialists
should be shared not only by individual
researchers but also by a wide range of people
including policy-makers. Researchers in a field
may know the level of achievement in his
specific field, but few would have an overall
picture of Japan’s science and technology
capability. For instance, through the Japan-US
or Japan-US-EC joint surveys on their respective
levels of science and technology, each
government is able to come to a precise common
and objective understanding of the present
situation, as it begins to formulate a new policy.
This can lead to occasions for exchange of
opinions  among people responsible for
policy-making, based on the same factual data.
These efforts can contribute to enhancing the
international aspects and transparency of each
country’s science and technology policy, and
finally to avoiding unnecessary frictions in the
future.

1.3.6. Conclusion

From the international point of view, Japan
should take the initiative in promoting the
globalization of science and technology activities
of the world, and actively take part in further
developing the world’s science and technology
while recognizing its proper position in the
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Part 2.
The Status of Science and Technology
in Japan and Other Nations

Governments of major countries are actively
promoting their own science and technology
policy to challenge the limits of human
capabilities; to provide solutions to worldwide
concerns such as the global environment, natural
resources and energy; and to add to the
strengthening of competitive industrial power.
Industries in the world are increasing invest-
ments in research and development(R&D) to
cope with competition in product development
and the trend toward high-tech products.

Japan, including its industries and other
sectors, has been actively investing in R&D, and
its international position in
technology is considered to be rising steadily. Its
R&D activities need to be strengthened and
expanded further to seek qualitative improve-
ments in the life of its people and to accomplish
well-balanced economic growth.

Part 2 describes Japan’s relative international
position in science and technology, as well as
Japanese research activities'. This is done by
comparing data on R&D expenditures, number
of researchers, and other activities for selected
countries.

seience  and

2.1. R&D Expenditures
2.1.1. Total R&D Expenditures
2.1.1.1. Trends in R&D Expenditures

When a country examines its R&D expendi-
tures”, its contents and approach may differ from
other nations. As a result, a simple comparison
of R&D expenditures among countries may not
present compatible data, although it gives a
general idea as to a country’s attitude toward
science and technology. In terms of R&D
expenditures, the United States spends the most
followed by Japan and Germany” (Figure 2-1-1).

2.1.1.2. Increase of R&D Expenditures in Real
Terms

R&D expenditures in real terms for Japan, the
United States, Germany and France are caleula-
ted using the amount in 1985 as the basis of
comparison. Aecording to this data, Japan has the
highest growth rate among these nations (Figure

2.1.2).

1} In this paper, " research activities” El.ppl:.r UIII:F to natural sciences and not to social sciences and humanities,
Classification of natural sciences as distinct from social sciences and humanities is based on the individual research
institute or university and college department concerned.

2) R&D expenditures are the funds spent by research institutions themselves for research. There are two methods
of estimating R&D expenditures: disbursement and cost. This paper considers R&D expenditures to be
disbursements. Disbursement includes expenditures on labor, materials, tangible fixed assets, and so on. In case
of cost, it iz cm‘npulm] |:|'r||r adding the [|1'|:rr|.'[:'|ul'tur1 of tangible fixed asset instead of expenditure on the tangible fixed
assels.

Japanese R&D expenditures are calculated for Japan’s fiscal year, which begins in April.

3) In Part 2, data for Germany covers West Germany only.
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Figure 2-1-1(1). Trends in R&D expenditures of selected countries - IMF exchange rate conversion

2.1.1.3. R&D Expenditures as a Percentage of
Gross National Product (GNP)

R&D expenditures as a percentage of GNP
show the level of research investment. During
the 1970s, this percentage decreased or remained
level worldwide. It began to increase in 1978 and
has grown steadily since then, although the
United States’ percentage has been decreasing
slightly in recent years. Japan has increased its
ratio significantly. In FY1989 it became 2.91%
including social sciences and humanities (2.69%
for natural sciences only) (Figure 2-1-3).

The Council for Science and Technology
(CST) in its Recommendation on Inquiry No. 11

Long-range General Basic Policies on Science
and Technology Reflecting Current Develop-
ments stated that the first goal is to secure 3%
of the national {(NI) for R&D
expenditures in natural sciences, with the
long-term goal of 3.5%.

The first goal of 3% was achieved in FY1985;
the percentage was 3.43% in FY1989. The focus
now is on a time frame for achieving the latter
goal. This growth has resulted from Japan’s
recognition of the importance of science and
technology development in adverse circum-
stances al home and abroad. Investment in R&D
by the private sector has contributed greatly to
R&D activities in Japan.

income

4) In this paper, whenever R&D cxpenditures and number of researchers are discussed, they refer to both national

government and local government
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Figure 2-1-1(2). Trends in R&D expenditures of selected countries - OECD purchas ing power parity

Note: 1. For comparison, statistics for all countries include research in social sciences and humanities.

The figure for Japan show also the amount for natural sciences only.

2. Only the figures for Japan are not on a full-time equivalent basis.

3. The 1989 data for the US are provisional and the 1980 data are estimate.

4. Germany: the years for which data are not available are indicated on a straight line.

5. The 1989 and 1990 data for France are provisional.

6. The United Kingdom's R&D expenditures for 1988 are 2.36 trillion yen (IMF exchange rate
conversion) and 3.54 trillion yen (Purchas ing power parity, Cabinet Office, Annual Review
of Government Funded R&D).

Source: Japan —  "Report on the Survey of Research and Development” by the Statistics Bureau,
Management and Coordination Agency
us — "National Patterns of R&D Resources” by National Science Foundation (NSF)

Germany — "Bundesbericht Forschung”, "Faktenbericht zum Bundesbericht Forschung” by
Federal Ministry forResearch and Technology (BMFT)
France — Projet de Loi de Finances--Rapport annexe sur I'Etat de la Recherche et du
Developpement Technologique. OECD statistics for the 1990 data.
(See Appendix 1)
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2.1.2. R&D Expenditures by Financing
and Performance Sector

21.21. Share of R&D Expenditures by
Financing and Performance

R&D expenditures can be characterized by the
financing and performance aspects of categorized
sectors. The statistics compiled by the Organiza-
tion for Economic Cooperation and Development
(OECD) categorize sectors into government®,
industry, universities and colleges, private
research institutions, and abroad. Shares of R&D
expenditures by financing and performance in
selected countries are compared by OECD -

(1) Financing
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categorized sectors,

The government R&D expenditures percen-
tage may differ from country to country due to
differences in defense-related research, tax
structure, activities in the private sector etc.
Generally speaking, in terms of the government
share of R&D expenditures financing, France is
ranked first at 508, followed by the United States
at 6% and the United Kingdom at 37%. Japan’s
share isa mere 1975 including social seiences and
humanities or 17% for natural sciences only. In
Japan the private sector finances a great deal of
R&D expenditures Figure 2-1-4(1)).

Looking at R&D performance, industry spends
approximately two-thirds of the total R&D
expenditures in selected countries. This means

(2] Perlormance
Universitios
and colleges Industry

s
oo e
s eI

: A e e B e

Figure 2-1-4. Share of R&D expenditures financing and performance sector in selected countries

Note: 1. For comparison, statistics for all countries include research in social sciences and humanities.
The figures for Japan show also the amount for natural sciences only.
<. (1) In the financing column, the private sector includes any sector other than the government and

abroad.

3. (2) Government in the performance column means government research institution as defined by

the OECD.
Source: Japan and US — Same as in Figure 2-1-1.
Germany and France — OECD statistics

United Kingdom — "Annual Review of Government Funded R&D" by Cabinet Office

(See Appendix 2, 5)
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that private companies play a big role in tance in every country. Excluding the defense-
performing R&D. The government share of R&D related R&D budget, where a major difference
performance is at 25% in France and 14% inthe  between Japan and other countries exists, the

United Kingdom, both of which have higher government shares of R&D financing were 349
ratios than Japan and the United States (Figure  in France, 30% in Germany and 26% in the

2-1-H2)). United States.

An analysis of the trends in the sharc' of R&D In contrast, the Japanese government’s share
expenditures financed by government shows a of R&D financing outside the defense-related
long-term decline in every country, though the  R&D budget is mere 18%(including social
curve seems to be leveling off in the United sciences and humanities), or 16%, for natural
States. This is due to increased activities by the  sciences only (Figure 2-1.5).
industry sector and its increased relative impor- Comparing flows of R&D expenditures bet-

(1) Share of R&D expenditure (2) Share of R&D expenditure financed by government
financed by government exclusive of defense-related RED expenditures
(96 (%)
70 - P
=
&80 - 11'11.__“ . e
& R rance
# = 1; o "1_“_"_-"“ ‘Tlln.
50 4 \E--B.EE “uh“m_a 50« "‘-LH_H‘_
...r-“"'l_‘__*ﬂ'ﬂ-g.a.ﬂ.a,g-_ﬁ-wﬂ-ﬁ 46.1 ﬂ_,ﬂ_a_ “*H‘ Fra:c:e
40 - '--1--“ Uﬂl!Eﬁ SllEl'EE 40 - E.. o, ._H__E_-g_:“ﬂ.a b ‘1&_“
R B, 2
Gemmany “w._ .. e ® e, s Gemany =~
L e
-
Japan
0 186
10 4 10
ol—g 01—

1870 7576 77 78 79808 B2 B384 BSBE A7 EBED 90  (FY) 1870 T7T57BE7T7A7SB081 8283 848586 BT B3 8980 (FY)

Figure 2-1-5. Trends in government-financed for R&D expenditures in selected countries

Note: 1. For comparison, statistics for all countries include research in social sciences and humanities.
2. Government percentages exclusive of defense-related research expenditures are calculated by
the following eguation.
{Government financed R&D expenditures) — (Defense - related R&D expenditures) x 100(%)
{R&D &xpandm.ras] — (Defense - related RAD expenditures)
3. The 1989 data for the U.S. are provisional and the 1990 data are an estimated.
4. The defense-related R&D expenditures for Germany in 1989 are provisional.
5. Germany: the years for which data are not available are indicated on a straight line.
6. The 1989 and 1990 data for France are provisional.
Source: Same as in Figure 2-1-1.
(See Appendix 1)
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Table 2-1-6. The flows of R&D funds between industry, universities and colleges, and government

sectors in selected countries
Japan Usited States Germany France United Kinpdom
Finascing | Performing (198%) [1990) (1987) {1983) (1988)
sectal BEELI Amount | Share | Amoent | Share | Ameost | Share | Amowsl | Share | Amoual | Share
e 8 il £ by 2 el L] T ﬂ L 00 il * Lt T el “
e ‘E,Gm,..,.,,.. BEZT 926 | 233,400 1000 6,590 g7 | 7237 95.6 | 4278 B2
oot Y Pt o 707 74 0 ] 393 33 51 0.7 anz 53
owernmont
'| ndusiry 1,028 12 71,300 kLN 4,526 113 2646 1.4 JRAR 16.3
ndwnry{ Lingastry | BLIEL 8.6 | 145,000 610 | 34771 858 | 11,867 30 | 16,799 T4
K 'e.ln'nl eraities 10,921 J12 18 B&0 [ K] T113 913 424 L A 222 e
snd Colleges
i‘-"’i""‘ﬁ" 1 458 22 2,300 55 575 75 (7] 13 3z 58
and Colleges

Mote: 1. For comparison, statistics for all countries include research in social sciences and humanities.
2. Percentages show the share of the R&D expenditures of financing by sector against the total R&D

expenditures of perfformance by sector.

3. The amounts are converted based on OECD purchase power parity.

4, The LS. data are estimated.

Source: Japan, US and Germany - Same as in Figure 2-1-1.

France - QECD statistics

United Kingdom - "Annual Review of Government Funded R&D" by Cabinet Office

(See Appendix 2)

ween financing and performance sectors shows
that in Japan there is a lesser flow of R&D
expenditures between sectors (government,
industry, universities and colleges) than exists
in other countries and that in the Unites States
the ratio of industry R&D expenditure funded by
government is greatest (Table 2-1-6).

In Japan, industry performs little of govern-
ment-financed R&D. This is because, in Japan,
each sector has been rather independent from one
another, and has had little interaction. Further-
more, Japan’s private sector is quite active in
R&D. Another reason is, for example, in the
United States, the flow of defense-related R&D
expenditures between sectors is very high.

2.1.2.2. R&D Expenditures by Sector
R&D expenditures are increasing in major

16

countries. The rate of increase of R&D expendi-
tures in real terms by sector shows that R&D
expenditures performed by industry are increas-
ing. This indicates that R&D activity in the
industrial sector have become brisk in recent
vears. The rate of increase is especially high in
Japan, while in the United States it is slowing
down. R&D expenditures for government
research institutions and universities and
colleges are increasing, though the increase is
not as high as that of industry. Among these
countries the increase in R&D expenditures by
government research institutions in France is
relatively high (Figure 2-1-7).

Industry has a great influence on growth of
R&D expenditures. Particularly in Japan, the
growth of R&D expenditures has been influenced
by trends in R&D expenditures by companies.
Examining changes in the contribution by

Science and Technology Agency
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Figure 2-1-7. R&D expenditure growth (in real terms) by sector in selected countries

Note: 1. The index in FY1985 is set at 100 in each country. This is equivalent to R&D expenditures (in real
terms) by industry in that year.
2. All countries except Japan include social sciences and humanities.
3. The 1989 data for the US are provisional and the 1990 data are an estimated.
4. Germany: the years for which data are not available are indicated by a straight line.
5. The 1989 and 1990 data for France are provisional.
Source: Japan and US - Same as in Figure 2-1-1.
Germany and France - OECD statistics
(See Appendix 5, 15)
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Figure 2-1-8. Contributions by sectors to the annual increases of Japan's R&D expenditures in real terms

Note: The deflation raterring for each sector is based on FY1985, _
Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and

Coordination Agency
(See Appendix 5, 15)

sectors to the annual increases of Japan's R&D
expenditures in real terms, from the early 1970s
the economy began stagnating and this, along
with the oil erisis, caused in FY1974 a decrease
of R&D expenditures in real terms. As a result,
total R&D expenditures compared to the
previous year also dropped. From the late 1970s,
R&D  expenditures by industry started to
increase, and along with this, R&D expenditures
for the entire nation have steadily risen (Figure

2-1-8).
This section gives Japan’s R&D expenditures

h}' .‘:‘E(:tﬂ-]",m

2.1.2.2.1. Companies

In Japan, 14,700 companies conducted R&D
activities in FY1989. Among them, 87.7% are
manufacturing companies; 11.0% are in con-
struction. Among the manufacturing companies,
the general machinery industry with 16.4%, the

3) Research activities in Japan in this paper are provided by companies, research institutions, and universities and
colleges. These classifications are based on the “Report on the Survey of Research and Development™ compiled
by the Statistics Bureau, Management and Coordination Agency. The Following defines some of these organizations.
* Companies-Corporate companies (Capital: 1 million yen or more (FY1974 or before), Capital: 300 million yen
or more (between FY1975 and FY1978), Capital: 5 million yen or more (FY1979 or after), and profit-oriented
public corporations (sueh as NHK (the Japan Broadcasting Corporation), and the Japan Highway Public

Corporation).

* Research institutions-National, local government-owned and private (such as foundations) research institutions
and research-centered public corporations. Research-centered public corporations are, for example, the National
Space Development Agency of Japan, the Power Reactor and Nuclear Fuel Development Corporation, the Japan

Atomic Energy Research Institute and the Institute of Ph
definition, government research institutions include nati

and research-centered public corporations.

ysical and Chemical Research. According to the OECD
onal and local government-owned research institutions

Universities and colleges-Departments of universities and colleges (including graduate schools), junior colleges,
collges of technology, research institutions attached to the universities and colleges and inter-university research
mstitutes, and the National Center for University Entrance Examinations.

18 ¥
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Agriculture, forestry and fisheries 0.1% -+ mining 0.3%

Transport, communications and public utilities 3.8%

Other manufacturing 1.3%
Precision instruments 3.2%

Transport equipment 15.1% I

Total amount;
¥B.23 frillion

Electrical machi

Construction 2.2%
Food 2.5%

Textiles 1.0%

—Pulp and paper products 0.6%
“Printing and publishing 0.4%

icals 16.0%
Peiroleum and
/ coal products 1.0%

= Plastics 1.5%

Rubber products 1.4%
Ceramics 2.7%

Iron and steel 3.3%
Non-ferrous metals

and products 1.5%
Fabricated metal products 1.3%
General machinery 6.8%

Figure 2-1-9. R&D expenditures by industry (FY1989: 8.23 trillion)

Note: Figures are their shares in percentages to total companies B&D expenditures
Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and

Coordination Agency
(See Appendix 9)

electrical machinery industry with 13.6%, and
the chemical industry with 11.1%contain the
largest shares.

R&D expenditures by companies have been
increasing rapidly; their average annual rate has
been 9.0%; in real terms for the 5 years from
FY1984 to FY1989. In FY 1989, the increase over
the previous year was 14.195(9.5% in real terms).
R&D expenditures then totaled 8,233.8 billion
yen, 75.5% of the total R&D expenditures in
Japan.

R&D expenditures by industry type show
manufacturing at 93.6% followed by transporta-
tion/communication/ public utilities companies
at 3.8%5. In the manufacturing category, the
electric machinery industry accounts for 34.1%;,
chemicals for 16.0% and the transport equipment
for 15.1% of the total industrial R&D
expenditures. These three types of industries

perform 65.2% of the total industrial R&D
expenditures (Figure 2-1-9).

The average annual rates of increase between
FY1984 and FY1989 in these three industry
sectors were 11.49(10.5 in real terms) in
electrical machinery, 9.0%(8.2 %)in chemicals,
and 9.075(8.19%) in transport equipment.

Adopting the ratio of R&D expenditures
against total sales as the index that indicates a
company s awareness of the importance of R&D
and examining changes in that ratio, we see the
ratio increasing in major industries. In FY 1989,
the ratio of R&D expenditures to sales was 2.727%
in all industries, and was the highest in Japan’s
history. This indicates that the relative impor-
tance of R&D is increasing in companies along
with the trend toward high-tech products, etc.
Principal industries with a high R&D to sales
ratio are electrical machinery (5.89%). precision
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Figure 2-1-10. Ratio of R&D expenditures to sales figures in selected industries

Note: Figures are for private companies only. Public corporations are not included.
Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency

(See Appendix 10)
instruments (5.169%). and chemicals (4.84%) policies in the following fields.
(Figure 2-1-10). » Basic and leading research
» Large-scale research such as muclear energy
2.1.2.2.2. Research Institutions development and space development
Research institutions in Japan may be « Research to secure resources such as food and
classified as national, local government-owned, energy
private including nonprofit organizations such + Research to support small-to-medium-sized
as foundations, and research-centered public enterprises
corporations. » Research to promote significant local
Nuliurlzll EIII(! im‘.al gu‘.‘urﬂilmnbawned ri:- industries for the develnpment of the Im:aI
search institutions and public corporations are economy
conducting research necessary to implement + Research that is beyond the capabilities of the

'
120 Science and Technology Agency



The Status of Science and Technology in Japan and Other Nations

100 million
4500 - 4418
Public corporations . 4,229
4000 -
3500 1 -".;rivate research institutions
3000 - National research institutions
2,73
2500 -
2,261
2000 g i
1500 - Local govemment-owned research institutions
1“:':" - s L '/

u19?ﬂ 75 76 77 78 70 BO 81 82 83 84 85 86 87 88 89 Fiscal year

Figure 2-1-1. Trends in R&D expenditures by research institution

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and

Coordination Agency
(See Appendix 5)

private sector

The R&D expenditures by research institu-
tions in Japan for FY1989 were 1,363.9 billion
yen. (The average annual rate of increase in real
terms between FY 1984 and FY1989 was 5.8%;.)
This was 12.5% of the nation’s total R&D
expenditures. The government provides most of
the R&D funds for national and local govern-
ment-owned research institutions and public
corporations and 25.8% of the R&D funds to
private sector research institutions. As a result,
the government provides 70.8% of the total funds
for research institutions.

R&D expenditures by organizations in
FY1989 were as follows: (Figure 2-1-11)
« National research institutions: 273.1 billion

yen (20.0% of total for research institutions)
* Local government-owned research institu-

tions: 226.1 billion yen (16.6%)
* Private research institutions: 441.8 billion yen

(32.4%)

+ Research-centered public corporations: 422.9
billion yen (31.0%)

2.1.2.2.3. Universities and Colleges

The universities and colleges, as institutions
of higher education, have an important role in
cultivating research personnel while at the same
time carrying out a broad area of research
activities, especially basic research, to search for
the truth.

The universities and colleges R&D expend-
itures in FY1989 were 1,311.6 billion yen, which
was 12.0% of the total R&D expenditures for the
nation. (The average annual rate of increase from
FY1984 10 FY1989 was 2.4% in real terms). More
than half of the R&D expenditures by univer-
sities and colleges are disbursed by national
universities and colleges.

« National universities and colleges: 705.5
hillion yen (53.8% of total for universities and
colleges)
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Figure 2-1-13. R&D expenditures by sector and by consisting elements, FY1989

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency
(See Appendix 6)
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year. In the early 1970s, labor costs tended to
increase. However sinee FY1975, they have been
decreasing, accounting for 41.1% in FY1989.
Material costs have been increasing slightly, and
accounted for 19.3% in FY1989. Expenditures
on tangible fixed assets were 16.7%. Other costs,
including hire for research equipment, purchases
of books, office supplies and communications,
have been increasing, and accounted for 22.0%
in FY1989. This is due to increased fees for
leasing mainframe computers used for R&D
(Figure 2-1-12).

Comparing costs of research by sector, the
following distinctive tendencies can be recog-
nized.

* The ratio of material costs is high in com-
panies.

* The ratio of expenditures on tangible fixed
assets is high in research institutions.

* The ratio of labor costs is high in universities
and colleges.

Labor costs in companies R&D tended to
increase from FY1970, and attained 51.9% of
total expenditures in FY1976. They tended to
decline, breaking the 40% level at 39.49 by
FY1989.

A look at research institutions by organization
shows that the ratio of labor costs in local
government-owned research institutions is high.
On the other hand, public corporations have
higher expenditures for the purchase of tangible
fixed assets and other expenses, because they
include those requiring large-scale facilities and
equipment for nuclear and space R&D.

Universities and colleges have higher ratios of
labor eosts than companies and research
mstitutions. In FY1989, university and college

ratios of labor costs were 60.3%. This was 68.7%
for public universities and colleges. By field,
physical sciences have lower ratios of labor costs
than the average ratio in universities and
colleges (Figure 2-1-13).

2.1.3. R&D Expenditures by Character
of Work

Classification into basic research, applied
research and development”, may differ from
country to country. However R&D expenditure
data by character of work generally reflects the
R&D activity of each country. Recent statistical
data for Japan, the United States, and Germany
shows that Germany spends more on basic
research. The composition of R&D is similar in
Japan and the United States, with a little higher
ratio of basic research for the United States
(Figure 2-1-14). Examining basic research ratios
of Japan and the United States by sector, Japan's
ratio in industry is higher, while that in
universities and colleges is lower, than in the
United States.

Japan’s R&D expenditures by character of
work among companies, research institutions,
and universities and colleges are distinetly
different. Companies spend more on develop-
ment due to the nature of corporate activities.
Universities and colleges spend more than half
of their expenditures on basic research. Research
institutions fall between the two categories
(Figures 2-1-15).

Changes in R&D expenditures by character of
work for companies showed the following trend.
From the late 1960s, the ratio of basic and applied
research decreased while that of development

6) Report of the survey of Research and Development compiled by the Statisties Bureau, Management and
Coordination Agency defines classification of research by character of work as follows.
* Basic research: research undertaken primarily for the advancement of scientific knowledge, where a specific

practical application may be indirectly sought.

* Applied research: research undertaken primarily for the advancement of scientifie knowledge, with a specific

practical application sought directly.

. ”‘¢'-’E|-_Uplnﬂ:t: F]m use of available knowledge obtained as the result of basic and applied research and/or practical
experience which is directed to the introduction of new malterial, equipment, products, systems and processes,

ele, or the improvement of such already available,

7
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increased. However, from the early 1980s, the
ratio of basic research started to increase,
accounting for 6.4% of total R&D expenditures
in FY 1989, while applied research accounted for
21.5% and development was 72.2%;.

A look at research institutions by organization
shows that national research institutions conduct
more basic research and local government-owned

Country (FY)

research institutions conduct more applied
Public conduct an
especially large amount of development.

Looking at universities and colleges by field,
more basic research is conducted in the physical
sciences and more applied research is conducted
in the health fields.

research. corporations

Basic research  Applied research Development
. y//////
Japan (1969) | 12.8% [///23, / 5
o,
Eﬁ;i h;"ha‘ : :
United States g: ////// :
o GRTTT
FE |
Germany (1987) Wgﬂﬂﬂ":?& 80.7%
.

Figure 2-1-14. R&D expenditures by character of work in selected countries

Note: 1. Figures for the United States are estim ated.

2 There is no distinction in Germany between applied research and development.

Source: Japan and U.S. - Same as in Figure 2-1-1.

Germany - "Statistics on Science and Technology” by UNESCO.

(See Appendix 3)
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2.2. Research Personnel

Statistics on research PE[E-DIII‘I'EL, alung with
those on R&D expenditures, is another effective
indicator of the extent of research activities.
Personnel engaged in R&D™ can be classified
as researchers and support personnel (assistant
research workers, technicians, and clerical and
other supporting personnel).

2.2.1. Researchers
2.211. Number of Researchers

Countries use different methods for determin-
ing the number of researchers. As a result, simple
comparisons may not be precise. It is useful,
however, to look at general trends for each
country from its own statistics. In 1988, the
United States had 949,000 researchers, about
twice as many as did Japan. Both Germany and
France had fewer researchers than Japan. During
the last 10 years the number of researchers in
Japan and the United States has increased
substantially (Figure 2-2-1).

Looking at the changes in the number of
researchers in Japan, in 1990 the number of
researchers was 484,000 (560,000 including
social sciences and humanities). 1t was 462,000
in the previous year (535,000 including social
sciences and humanities). This was a 4.9%
increase (4.7% including social sciences and
humanities) over the previous year.

The average annual rates of increase are as

7) "Report on the Survey of Research and Developm

rDI].U'WE.
« 1965 - 1970 : 7.9%
1970 - 1975 : 8.2%
1975 - 1980 : 3.5%
1980 - 1985 : 4.7%
- 1985 - 1990 : 4.9%
The percentage slowed down in the late 1970s,
though from the late 1980s the rate has increased
steadily.

2.2.1.2. Number of Researchers per 10,000
Population and per 10,000 Labor Force

Japan has the highest number of researchers
per 10,000 population and per 10,000 labor force,
exceeding even the United States (Figure 2-2-2).

2.2.1.3. Number of researchers by sector

The number of researchers by sector in Japan

15 as follows:

+ Industry: 314,000 (64.8%)

. Universities and colleges: 134,000 (27.7%)

- Government research institutions (including

publie corporations): 27,000 (5.6%)

The United States has a greater percentage of
researchers working in industry, and the
Pf"fif!‘.‘ﬂtagﬁ ':'.lf rﬂSEﬂ.r{:hL"rS in is gU"-’l’."rﬂT“f.‘ﬂt re-
search institutions is low, similar to Japan. The
ratio of researchers at universities and colleges
in the United States is also low. The ratio of
government researchers in Germany is higher
than that of Japan and the U.S., and the ratio in
industry is also higher than Japan. The ratio of
researchers in industry in France is low, as

ent”, compiled by the Statistics Bureau, Management and

Coordination Agency Classifies personnel engaged in R&D as follows. :
Researcher: Persons who hold a university degree (or persons who have equivalent or greater knowledge in ther
specialty), who have research experience of at least two years, and who are engaged in research activities in their

own chosen subject.

Assistant research workers: persons who assist researchers and who are engaged in research activities under their
direction and who have the 1mr-si|:uilil:,' of becoming researchers in the future. . _
Technicians: Persons. other than rescarchers and assistant research workers, who are engaged in techmical services
related Lo Tesearch acitvities under the guidance and supervision of researchers and assistant research workers.

Clerical and other supporting ]_'.-e.-rsmuml: Excepting
miscellaneous activities, clerical work, accounting, ete. re

those mentioned above, persons who are engaged in
lating to research activilies,

Japanese statistics on persons engaged in R&ID are as of April 1 of the appropriate year.
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researchers are concentrated in government
research institutions, universities and colleges
(Figure 2-2-3).

The following sections show the characteri-
stics of researchers in Japan by sector.

2.21.3.1. Companies

In the last 10 years from 1980 1o 1990, the
number of researchers in
increased 1.81 times (an average annual rate of
increase of 6.1%) (Figure 2-2-4).

In industry, 300,000 of the researchers are in
manufacturing (95.7%). Of all researchers within
manufacturing, the electrical machinery indus-
try tops the list at 119,000 researchers or 38.0%
of the total. Next is the chemical industry with

companies has

—————
e
Ca a

anananan

Japan (1880
Japan (1980, natural

52000 researchers or 16.6%. These two
industries account for approximately half of all
company researchers.

By field of research, engineering ranks the
highest at 61.8%,. Next is the physical sciences
at 26.2%, followed by health at 3.295. and fi.l'h'i.“}’
agricultural sciences at 2.8%. Within the
engineering field, researchers are concentrated
in electrical and telecommunications engineer-
ing, mechanical engineering, shipbuilding and
aeronautical engineering. Within the physieal
sciences, chemistry has the majority. These three
fields employ three-fourths of all company
researchers (Figure 2-2-5).

Regarding the number of researchers per
10,000 employees, the average number throu-

sciences only)

United States
e (1988)
é}si Gemany (1987)
e '.:n'“ vé‘a

TR
206 France (1988)
et iy

Mumber of researchers
per 10,000 labor force

il
Mumber of researchers e
per 10,000 population 2-? 5

80 60 40

United Kingdom
{1987)

20 Persons 20 40

Figure 2-2-2. Researchers per 10,000 population and 10,000 labor force

Note: 1, The figures for all countries include social sciences and humanities. The statistics for Japan also
show the data for researchers in natural sciences only. _ \

2. Only the figures for Japan are not on a full-time equivalent basis. However, t_he f:glures ona
full-time equivalent basis by using OECD's estimating method (including social sciences and
humanities) are 37.0 researchers per 10,000 population and 71.7 researchers per 10,000 labor
force. e

Source: Numbers of researchers data: Same as in Figure 2-1-1.
United Kingdom - OECD statistics _ _ ) .
Population and labor force data: Japan - *Data on the Current Population Estimates and "Report
on the Labor i
Force Survey” compiled by the Statistics Bureau, Management and Coordination Agency
U.S. - Data from the Department of Commerce and the Department of Labor
Other countries - OECD statistics

(See Appendix 1)
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Figure 2-2-3. Share of researchers by sector in selected countries

Mote: 1. Japan: 1990, United States: 1989, Germany: 1987, France: 1988, United Kingdom: 1987.

2. Only the figures for Japan are not on a full-time equivalent basis. However, the figures on a
full-time equivalent basis by using OECD's estimating method (including social sciences and
humanities) show that the shares of researchers by sector are 6.4% for government research
institutions, 22.5% for universities and colleges, 6B.6% for industry, and 2.5% for private research

institutions.

3. The data for the United Kingdom are OECD estimates and do not include researchers in private

research institutions.

Source: Japan, U.S. and Germany - Same as in Figure 2-1-1.

France and United Kingdom - OECD statistics

(Sea Appendix 8)

ghout all industry sectors is 476. The average
number in the manufacturi ng sector is highest

at 577. Within manufacturing, following sectors
rank at the top.

* Electrical machinery: 978
* Chemicals products: 938
* Precision instruments: 831

(Figure 2-2-6).

130

2.2.1.3.2. Research Institutions

For the last 10 years, researchers in research
institutions have increased 27% (an average
annual rate of increase of 2.4%). This is due to
an increase in the number of private research
institutions. Looking at the number of
researchers by organization, the national
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10,000 researchers
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Figure 2-2-4. Trends in number of researchers by sector in Japan

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and

Coordination Agency.
(See Appendix 8)

research institutions have 10,000 researchers or
28.19% of the total for research institutions, local
government-owned research institutions have
14,000 researchers at 37.8%, private research
institutions have 9,000 researchers at 25.5%. and
public corporations have 3,000 researchers at
8.5% (Figure 2-2-7).

By field, researchers in engineering are most
numerous at 36.9%, next is agricultural sciences
at 33.9%, followed by the physical sciences at
20.7%, and finally health at 7.4% (Figure 2-2-8).

2.2.1.3.3. Universities and Colleges

The number of researchers at universities and
colleges has increased 33.2% in the last 10 years
(an average annual rate of increase of 2.9%).
Looking at the number of researchers by type of
institution in 1990, national universities and
colleges have 73,000 researchers (54.8%6 of the
total for universities and colleges), public
universities and colleges have 9,000 researchers

(7.19), and private universities and colleges
have 51,000 researchers (38.2%) (Figure 2.2.9).

By field, health ranks first at 59.0%, followed
by engineering at 20.1%, physical sciences at
11.1%. and agricultural sciences at 5.99.
Researchers in universities and colleges are
classified into members, doctoral
students, medical staff and others. Looking at the
composition of researchers by type of institution,
in national universities and colleges, doctoral
students make up a large ratio of the researchers,
public universities and colleges have a greater
ratio of medical stafl and others, and private
universities and colleges have a greater ratio of
faculty members and a smaller ratio of doctoral
students (Figure 2-2-10).

faculty
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(1) By industry sector

Agriculture, forestry and fisheries 0.1% + mining 0.2%

Transportation, communications and public utilities 1.6%
Other manufacturing 2.0%

ision i 4.4
Preckion: inensnent=5e s Pulp and paper products 0.7%

Printing and publishing 0.4%
Transport equip
Petroleum and coal products
0.6%
Plastics products 1.3%
. A |~ Rubber products 1.6%
e | o A Ceramics 2.5%
-ferrous metals and products
abricated metal products 2.1%
{2) By field
Medicine and dentistry 0.1%
Pharmacy 3.1% Other natural sciences 4.8%
Fishery 0.4% Social sciences and humanities 1.1%
Veterinary,/animal husbandry 0.7% < Mathematics/Physics 5.7%
Agriculture/forestry 1.8% P Ao
Textile technology 0.7%

Mining,/metallurgy 2.9
Civil engineering
and architecture 2.4%
Agricultural sciences 2.8%

sildir .' and aeronautical engineering 24.6%

Figure 2-2-5. Number of company researchers by industry sector and by field of mmmh

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management m'ﬂ
Coordination Agency.

(See Appendix 9)
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MNumber of researchers
per 10,000 employee

All industries

Mining
_ Construction
| Manufacturing
Food
Textiles
Pulp and paper product
| Printing and publishing
Chemicals

Petroleum and coal products
| Plastic
Rubber products
Ceramics
lron and steel

| Fabricated metal products
General machinery
Electrical machinery
Transport equipment
Precision instruments
Other manufacturing
Transport communications

and public utilities

Agriculture, forestry and fisheries _'

| Non-ferrous metals and products |-

R & D expenditures
per researcher

b o

4541

4446

|e722

4000 6000
¥10,000

Figure 2-2-6. Number of researchers per 10,000 employees and R&D expenditures
per researcher in companies

Note: 1. As for the R&D expenditures per researcher, the data for the number of researchers are as of April
1, 1989, and the data for research expenditures are as of FY1988.
2. Regarding researchers per 10,000 employees, the data for number of employees and number of
researchers are as of April 1, 1990.

Source: "Report on the Survey of Research and Development

Coordination Agency.
(See Appendix 9)
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Unit: 10,000
researchers
1.50 Local govermment-owned research institutions

1.28+

Mational research institutions

1.004 - 1.02
r"r—?_.__(—,_k_’— ,.a"" - 0,93
0.75- f;’
Private research institutions _ -~
~ e
0.50 N

’ s
&
. A  Fublic corporations

U257 r_ﬂ‘__._étl‘:—:'f—'“—

D‘ L'l
1970° 75 76 77 78 79 80 81 82 B3 B84 85 86 87 88 89 90 year

0.3

Figure 2-2-7. Trends in number of researchers in research institutions

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency.

(See Appendix B)
Social sciences and humanities, and others
Physical sciences Engineering Agricultural sciences  Health
T T e
AZ LI SoTe e _ A
Total [ THH207 o %o  — 7.4%| [ 1.1%
el s e R fﬁﬁiéﬁﬁ[ LA
: S % Ay
National research i e
r = - b |
institutions § 126.8% 3l ?“':" R
B L T - s
H e L ] = i Al
1 P s —
Local government-owned ::::-LELLL. e 77 A
research institutions Ty o
1

Private research
institutions

Public corporations

53.6% 0.6%

HHH .

J.1%
Figure 2-2-8. Share of researchers in research institutions by organization and field (1990)

Source: "Report on the Survey of Research and Development™ by the Statistics Bureau, Management and
Coordination Agency.
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Unit: 10,000
researchers
a =

Mational universities and colleges 7.35

Private universities and colleges 512

" Public universities ar:d mllegas_ 0.95

: ; g

1QTDD'TSTE???ETQEJHEEEEB#!EEEEB?EEBEBD year

0

Figure 2-2-9. Trends in number of researchers in universities and colleges

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency.
(See Appendix 8)

Doctoral Medical stuff
Faculty members students and others
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Figure 2-2-10. Composition of researchers in universities and colleges (1990)

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency.
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2.2.2. R&D Expenditures per Resear-
cher

Though it is difficult to compare R&D
expenditures per researcher due to differences in
research systems (e.g., differences in the number
of research su pport i:r.l:',l_:nlll'ﬂ.']], the f'n!im-.'ing is
a rough estimate of R&D expenditures (includ-
ing labor costs) per researcher in selected
countries,

+ Japan: 22 million yen (FY1989) (24 million
ven: natural sciences only)

* United States: 30 million yen (FY 1988)

¥10,000
3500

3000 -

2963 3010

+ Germany: 30 million yen (FY1987)
+ France: 32 million yen (FY1988)
+ United Kingdom: 27 million yen (FY1987)

(Figure 2-2-11).

In Japan, R&D expenditures per researcher are
generally increasing in every sector (in current
yen). In FY1989, research institutions have the
greatest R&D expenditure per researcher (38.19
million yen). Companies spent 27.99 million
yen, and universities and colleges spent 9.96
million yen.

The changes in R&D expenditures per
researcher in real terms are as follows:(Figure
9.9.12)

3153

2500 A 2363
2208

2000 -

1500 +

1000 +

500 4

2708

(1988)  (1989) (1988)

Sciences only States
——— s
Japan

(1987)
Matural United Germany

(1988)  (1987) Fiscal year
France United
Kingdom

Figure 2-2-11. R&D expenditures per researcher

MNote: 1. For comparison, figures for all countries include social sciences and humanities. The figure for
Japan shows also the amount with natural sciences only.

2. R&D expenditures were converted using OECD's purchase power parity.

3. Only the figures for Japan are not on a full-time equivalent basis.
However, the figure converted on a full-time equivalent basis by using OECD's estimating method
(1988, including social sciences and humanities) is 23.9 million yen.

4. The number of researchers in the United Kingdom is an OECD estimate.

Source: Same as in Figure 2-1-1.

United Kingdom - Cabinet Office "Annual Review of Government funded R&D" for R&D
expenditures. OECD statistics for the number of researchers.

(See Appendix 1)

136

Science and Technology Agency



The Status of Science and Technology in Japan and Other Nations

* In the early 1970s, there was a decrease due
to a rise in prices caused by the oil erisis.

» In the late 1970z, there was an increase in
expenditures per researcher.

+ In FY1989, the R&D expenditures per resear-
cher reached 22.55 million yen (in constant
FY1985 yen).

The following shows R&ID) expenditures per
researcher by industry sector.

. TTEHSPGH,"‘C{]mmIll'lil',‘aljﬂﬂﬁ,."rpub“{t utilities:
67.22 million yen

* Mining: 33.52 million yen

» Manufacturing: 27.40 million yen
In manufacturing the following sectors have

high R&D expenditures per researcher. (Figure

2.2.6).

+ Iron and steel: 45.41 million yen

* Transport equipment: 44.46 million yen

¥10,000
4000

(1) Nominal

3500

Universities and colleges

Ol
1870° 757677 787980 818283 8485 8687 8880
Fiscal year

4000

* Petroleum and coal products: 42.59 million
yen
In research institutions, R&D expenditures
per researcher by organization are as follows:
+ Public corporations: 143.46 million yen
= Private research institutions: 49.99 million
yen
» National research institutions: 26.71 million
}'i‘.l'l
* Local government-owned research institu-
tions: 16.50 million yen
R&D expenditures per researcher in univer-
sities and colleges are on average 9.96 million
ven. However, taking into consideration only
faculty members who are actually doing re-
search, the figure is 16.26 million in all univer-
sities and colleges. This figure varies according

to type of university and college as follows.

10,000 {2} in real terms

3,624

Mational research
institutions

Research institutions

Universities and colleges

1000+ M/"‘-—v—'—‘_‘_‘-—t—-f‘""—‘ o19

Oaro" 757677787980 51 82 8384858667 6869
Fiscal year

Figure 2-2-12. Trends in R&D expenditures per researcher

Note: 1. Each figure equals R&D expenditures of the relevant fiscal year divided by the number of

researchers (as of April 1)

2. Figures in real terms are converted in constant 1985 yen.
3. The data for national research institutions are indicated in a thin line.
Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Managemeant and

Coordination Agency.
(See Appendix 5, B, 15)

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1981 137



The Status of Science and Technology in Japan and Other Nations

Table 2-2-13. Personnel engaged in R&D in selected countries

Total
Corniry {Year) MNumber of personnel Mumber whick arc Non-researcher
engaged In RED Hon-ressarchers per
fesearcher

Japan (1990) 863 382 303,106 0.54
Japan mamural sciences 769,696 285,350 059
only (1990}
Germany (1987) 419,205 253,501 1.53
France (1988) 283,099 167,536 L.46
United Kingdom (1987) 282213 154,860 122

Mote: 1. For comparison, figures for all countries include social sciences and humanities. The figure for
Japan shows also the number with natural sciences only.
2. The data for United Kingdom are QECD estimates.

Source: Japan and Germany - Same as in Figure 2-1-1,

France and the United Kingdom: OECD statistics

* National universities and colleges: 17.27
million yen

* Public universities and colleges: 14.25 million
yen

* Private universities
million yen

and colleges: 15.37

2.2.3. Personnel Engaged in R&D

Although the definition of personnel engaged
in R&D is not same in each country, numbers
of personnel engaged in R&D (including
researchers) are as follows:

» Japan: 863,000 (770,0000: natural sciences
only)

* Germany: 419,000

* France: 283,000

* United Kingdom: 282,000

138

It is difficult to compare these numbers at face
value. Compared with European countries, Japan
has a comparatively low number of personnel
supporting researchers (Table 2-2-13).

The number of personnel engaged in R&D in
Japan has increased 47.7% (an average annual
rate of increase: 4.095) during the 10 years from
1980 to 1990. This increase was mostly due to
the increase in numbers of researchers (Figure
2-2-14). The percentage of researchers of all
personnel engaged in R&D has increased from
58.1% in 1980 to 62.9%, in 1990. On the other
hand, the share of assistant research workers
decreased from 14.2%; to 13.4%,. The percentage
of technicians decreased from 16.5% to 13.49%,
Clerical and other supporting personnel have
decreased from 11.3% to 10.3%. As a result, the
number of assistant research workers and

Science and Technology Agency
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Figure 2-2-16. Composition of personnel engaged in R&D by sector in Japan (1990)

Source: "Report on the Survey of Research and Development” compiled by the Statistics Bureau,

Management and Coordination Agency.
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2.2.4, Overall Degree Trends

Due to the decreasing percentages of youth in
the populations of major countries, great efforts
are being made to nurture and secure researchers.
Data on numbers of master's and doctoral
degrees, therefore, are important.

The number of degrees differ from country to
country due to differences in culture and
educational systems. Social factors such as
industrial structure and number of students can

affect the number of awarded degrees. Thus, it
is difficult to compare the data at face value. It
is useful, however, to compare trends, and this
section describes the degree trends in natural
sciences and engineering in selected countries.

The United States awards the largest number
of degrees, about 4.4 times as many as does Japan.
Compared to a decade ago, the ratio of
engineering degrees to total degrees has
increased while that of physical sciences has
decreased. Japan is second in number of degrees
awarded following the U.S. and has a higher ratio

10,000 persons
124
e
104
Health
g_
E_
Agricultural sciences
7 I|
ga U
B ST
o
5 i
4 *’ﬁ Engineering
3 .
S e
] [ Physical sciences
2 =
'l_
HIEN... ;a.w
ol ESHE i el | | B
1975 1986 1974 1988 1975 1985 1974 1986 year
e e T [ |l Jalils ]
Japan United States  Germany France  United Kingdom

Figure 2-2-17. Number of awarded degrees in selected -::ountrin

Note: :I? Ln;als include master's and doctoral degrees. (Germany: only doctorates)
- U.S. health degrees in 1986 include 28,000 persons with first-professional degrees which in 1975

corresponded to bachelor's degree.
3. France does not disting
Source: "International Compar
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: uish I:ehneer? physical sciences, engineering, and agricultural sciences.
ison of Education Indexes”, compiled by the Ministry of Education.
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in engineering. Germany, France, and the
United Kingdom have about the same n umber.
Germany and France have a higher ratio of
degrees awarded in health, the United Kingdom
has a higher ratio in physical sciences (Figure
2-2-17).

In Japan the number of awarded degrees has

increased in recent years. In FY1983, 13,182

master's degrees and 6973 doctorates were
awarded. In FY1988, 18,456 master’s degrees (an
increase of 40.0%) and 9,133 doctorates (an
increase of 31.0%) were awarded. The largest
increases have been in the ratios of master’s
degrees in engineering and doctorates in health

(Figure 2-2-18).
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1 Bl b bl b B { | Engineering 11,813
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Figure 2-2-18. Degree Trends in Japan

Note: The figures are awarded degrees in FY1988.

Source: "Summary of Education Statistics” compiled by the Ministry of Education.
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(Fig. 2-3-1)

Note: 1. The amounts are converted into dollars, according to IMF statistics.

2. Bank of Japan refers to the "Balance of Payments Monthly”, compiled by the Bank of Japan.
Management and Coordination Agency refers to the "Report on the Survey of Research and
Development”, compiled by the Statistics Bureau, the Management and Coordination Agency.

3. The figures are totals for the calendar year; the fiscal year is used only for the figures of Japan
Management and Coordination Agency.

4. The United States changed the classification of statistics in 1982.

5. The United Kingdom changed its method of gathering data in 1987. Thus, new data cannot be
comparad with that prior to 1986,

8. The major reasons for differences between the figures provided by the Bank of Japan and those
provided by the Management and Coordination Agency are as follows.

A. Method of data collection:
Bank of Japan: Out of foreign exchange, only remittances regarding receipts and payments of
patents royalties are totalled.
Management and Coordination Agency: Any technology related payments and receipts
(patents, know- how,technical assistance, etc.) are totalled.

B. Scope of the Survey:
Bank of Japan: Any corporation and institution that deals with remittances through foreign
exchange.
Management and Coordination Agency: Excludes wholesalers, restaurants, finance
companies, insurance companies, real estate companies, service oriented companies (except
broadcasting) and research-centered public corporations.
Because of "A", technology export figures of the Bank of Japan, which do not include receipts
for exported technology embodied in plant exports, are less than those of the Management and
Coordination Agency. Because of "B", technology import, figures by the Management and
Coordination Agency are less than those by the Bank of Japan, because the former do not
include tertiary industry and research-oriented public corporations.

Source: Japan - "Balance of Payments Monthly", compiled by the Bank of Japan, and "Report on the
Survey of Research and Development” compile by the Statistics Bureau, Management
and Coordination Agency

United States - "Survey of Current Business" compiled by the Department of Commerce
German - "Monatsberichte der deutschen Bundesbank” by the Deutsche Bundesbank
France - Ministers de |'Economie, des Finances et du Budget "Statistiques & Etudes
Financieres”, "La Balance des Paiements de la France”
United Kingdom - Department of Trade and Industry "Business Monitor, Overseas transactions”
(1970-1984), Central Statistical Office data (1985-)

(See Appendix 11, 12, 13)
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2.3 Technology Trade and Patents

The data on technology trade balances and
number of patents applied for and granted are
significant indicators showing a nation’s level
and strength of R&D activities in science and
technology. This chapter describes these trends
for in Japan and selected countries.

2.3.1. Trade in Technology

Patents, utility models, and technical know-
how are results of R&D efforts in science and
1!:1:h!uJ]ug}'. Tht}' are traded internationally, for

example in the form of transfer of rights,

:1;:]:rnvu| of 1|li]i:{ﬂti(:n, and DTI'H'.!"‘.-—'\., Thl:su

Exports/Imports
154

United Kingdom

transactions are what are known as technology
trade.

2.3.11. Trends in the Technology Trade of
Selected Countries

The technology exports and imports of major
counties are expanding. This is due to active
product development and the globalization of
industrial production and R&D activities. This
trend has been apparent since 1985 (Figure
2.3.1).

The technology exports of the United States
are significantly larger, at 15.3 billion dollars
(1990, 2.21 trillion yen), than the following

countries:

+ Japan: 2.5 billion dollars (1990, 360 billion

United States

14—

Japan (Management

0.7- and Coordination Agency)

05- e
7B Wil

0.3

——

0.2

Japan (Bank of Japan)

4 2
France 0.41

0.15
1976 76 77 78 79 B0 BI

BEESHBEBEB?BHEQQDyH

Figure 2-3-2. Trends in technology trade balance of selected countries

Source: Same as in Figure 2-3-1.
(See Appendix 11,12, 13}
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yen) (Bank of Japan statistics)

» Japan: 2.4 billion dollars (FY1989.330 billion
yen) (Management and Coordination Agency
statistics)

« United Kingdom: 1.9 billien dollars (1988,
240 billion yen)

* Germany: 1.2 billion dollars [193‘5‘, 160 billion
yen)

« France: 1.0 billion dollars (1989, 140 billion
yen)

In contrast, technology imports amount to the
following:

» Japan: 6.0 billion dollars (1990, 870 billion
ven) (Bank of Japan statistics)

« Japan: 2.4 billion dollars (FY 1989, 330 billion
yen) (Management and Coordination Agency
statistics).

= United States: 2.6 billion dollars (380 billion
yen)

+ Germany: 2.2 billion dollars (300 billion yen)

* United Kingdom: 2.0 billion dollars (260
billion yen)

* France: 1.8 billion dellars (250 billion yen)

Only the U.S. has a significant surplus in its
technology trade balance. In 1990, the U.S.
technology trade surplus was 12.6 billion dollars
(1.83 trillion yen) and its ratio (export/import)
was 5.78. The United Kingdom has a small
deficit, its ratio iz 0.92, although it is not possible
to compare these data with former figures due to
the changes in the method of gathering data in
1987. France and Germany have experienced
little change in recent years, with ratios of 0.58
and .54 respectively.

The U.S. has a surplus in any bilateral
relations with other major countries. Between
Germany and France it is almost balanced.

In Japan the technology trade balance has been
generally improving since 1970s. According to
statistics of the Management and Coordination
Agency, japanﬁse technology trade balance was
1.00 in FY1989. Statistics of the Bank of Japan
also shows the general improvement, but also
show that the deficit has been increasing in
recent years; in 1990 the deficit was 3.6 billion
dollars (520 billion yen) (Figure 2-3-2).

Exports/Imports
2.0 184
B " United Kingdom
3D L * Germany
ﬂ-?_ J'J; ..k:r ;f-— D %
0'5: P _,.-5'1“{ }"'-IL_L .+ United States 0.51
0.4 e A
G.B' ; f]&“z r‘-J_I S -..f’ - 'D.EE

i ...~ France

i -I":.."_:,-ﬂ e
" A
01 -f’f:’ : i
0.07- ‘;,ﬁi' /
005{ 7/
0.03

= PR e

1975 76 77 78 79 80 81 82 83 84 85 86 87 88 80 Fiscal year

Figure 2-3-3. Trends in technology trade balance of Japan with other selected countries

Source: "Report on the Survey of Research and Development”, compiled by the Statistics Bureau,

Management and Coordination Agency.
(See Appendix 13)
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2.3.1.3. Trends of Japan's Trade in Tech-
nology

As described earlier, according to the statistics
of the Bank of Japan for 1990 Japan’s technology
exports were 358.9 billion yen (a 23.0%3 increase
over the previous year: dollar based comparison),
and imports were 874.4 billion yen (a 13.4%
increase). These statistics showed the technology
export/import ratio changed from 0.28 in the
previous year to (.41 in 1990. According to the
statistics of the Management and Coordination
Agency, technology exports were 329.3 billion
yen (a 24.2% increase over the previous year),
and imports were 329.9 billion yen (a 1.8%
decrease). As a result, the technology export to
import ratio changed from 0.79 in the previous
year to 1.00.

Technology trade data compiled by the
Management and Coordination Agency since
FY1972 indicates that technology trade from
new contracts resulted in annual surpluses since

FY1972 except in FY1987 and 1988. In FY1989
Exports/Imports

3.0

2.5

2.0+
1.B7

1.5+
1.3
1.27

the trade again recorded a ﬁurpluﬁ with exports
at 66.6 billion yen and imports at 48.4 billion
yen. (Figure 2-3-5). The following are FY1989
statistics of technology trade exports by industry
sector according to statistics of the Management
and Coordination Agency.
* Transport equipment: 87.1 billion yen
* Electrical machinery: 86.7 billion yen
» Chemicals: 53.6 billion yen
» Iron and steel: 21.6 billion yen
« (zeneral machinery: 13.2 billion yen

The following are FY1989 statistics of
technology trade imports by industry sector
(Figure 2-3-6).
+ Electrical machinery: 120.6 billion yen
+ Chemicals: 56.9 billion yen
+ Transport equipment: 54.9 billion
+» General machinery: 33.0 billion yen

The amount of receipts is higher than that of
payments in the construction and the iron and
steel industries. This surplus has continued since
FY1975 in construction and since FY 1974 in the
iron and steel industry. The electrical machinery
and transport eguipment industries, both of

+—a» Total

B+ ---01 Manufacturing
Industries

1.0

0.8
0.7
0.6

75 76 77 78 79 BO 81 82 83 84 85 86 87 88 89 Fiscal year

Figure 2-3-5. Trends in technology trade balance caused by new contracts

Note: "Technology trade in new contracts” refers to trade caused by newly made contracts in an

applicable year.

Source: "Report on the Survey of Research and Development”, compiled by the Statistics Bureau,

Management and Coordination Agency.
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Figure 2-3-6. Trends in technology trade by industry sector

Source: "Report on the Survey of Research and Development”, compiled by the Statistics Bureau,

Management and Coordination Agency.
(See Appendix 12)

which have a big share of the total R&D
expenditures, are improving their technology
trade balance (Figure 2-3-7). The number of
newly introduced technologies was 2,898 in
FY1989. This was an increase of 64 (2.3%) over
the previous year.

The main sectors in which new technology
was introduced are as follows:
. Elm:tricit}f: 1,604 (55.3% of the total)
* Machinery: 383 (13.2%)
* Chemicals: 308 (10.6%)

150

The numbers of newly introduced technolo-
gies in the electricity field have been increasing
gradually. Introduction of new technologies has
been mostly from the United States, 1,808
(62.4% of the total), followed by countries such
as United Kingdom, 196, Germany, 191, and
France, 187. In high-tech fields,
computer-related  technologies,  especially
software, play an important role in the
remarkable growth (Figure 2-3-8).
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Figure 2-3-7. Trends in technology trade balance in major industry sectors

Source: "Report on the Survey of Research and Development”, compiled by the Statistics Bureau,
Management and Coordination Agency.

* Pharmaceuticals (102)

(See Appendix 12)
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Figure 2-3-8. Trends in number of advanced technologies introduced into Japan
Source: "Foreign Technology Import Yearbook”, compiled by the Science and Technology Agency

(FY1980 - FY1986). "Summary of Foreign Technology Imports”, compiled by the National Institute
of Science and Technology Policy, Science and Technology Agency (FY1887 - )
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2.3.2. Patents

Countries in which a large number of patents
are a[}p] ied for are countries in which private
corporations and other organizations attach great
importance to the protection of technologies:
These countries can be considered to possess a
great number of high technologies. Also,
countries to which many patent applicants and
inventors of granted patents belong are those
where R&D and inventions are amivﬂ'ﬁ}- heing
carried out,

2.3.21. Patents in Selected Countries
(Trends in Application and Registration)

Looking at the number of patents applied for
in selected countries (including Patent Coopera-
tion Treaty (PCT) app]icatimmﬁ' and European
Patent Convention (EPC) applications™), Japan
ranks at the top. The number of patents applied
for in selected countries in 1989 follows: (Figure
2-3-9),

« Japan: 357,000

* United States: 162,000

« USS.R.: 152,000 (including inventors’ certi-
ficates)

* Germany: 102,000

* United Kingdom: 90,000

* France: 75,000

Regarding the nationality of patent applicants
in selected countries, the ratio of foreign patent
applicants is small in Japan (11.1%, in case of
patents granted 13.5%). In the United States,
where patents are applied for important and
significant research results from everywhere in

the world, the nationalities of patent applicants

(1989) are as follows: (Table 2-3-10).

» United States: 51.3%

* Japan: 20.5%

+ Germany: 8.2%

* United Kingdom: 4.0%

* France: 3.19%;

U.S.-granted patents by nationality of inventor
(1990) are as follows: (Figure 2-3-11).
+ United States: 52.4%

. ]apnn: 21.6%

* Germany: 8.4%

» France: 3.29%

* United Kingdom: 3.1%

2.3.2.2. Patent Applications by Japanese in
Foreign Countries

In 1989, the number of patents that were
applied for in foreign countries by Japanese was
115,000 (including designations under the PCT
and EPC applications), a five-year increase of
52,000 (81.9%).

The following shows the countries where
patents were applied for by Japanese (Figure
2-3-12).

* United States: 28.8%,

* Germany: 12.6%

* United Kingdom: 11.2%
* France: 9.4%

+ Korea: 6.0%

The percentages of Japanese patent applicants

in selected countries in 1989 were: (Table 2-3-13).
* United States: 20.5%

* France: 14.49;

* United Kingdom: 14.3%

* Germany: 14.1%

8) In 1978, the patent Cooperation Treaty (PCT) went into effect, by which it became possible for the applicant
to apply for patents in more than one country (designated countries) at the same time, when he presents one
gppllnall_?:l at one place. The unmber of PTC member countries is 45, as of January 1991.

} In 1977, the European Patent Convention (EFC) went into effect, and since June 1978, the European Patent

Ulfice (EPO) has been processing European patent (EPC) applications. When a Euro

n patent is granted after

an examination by the EPO. the patent has the same validity in the other EPC i i
X " - 3 : i s :
the applicant. The number of EPC member cou ntries is 13, ﬁ.ﬁ of March 1990, btk L
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Table 2-3-10.Number of patent applications (granted patents) in selected countries (1989)
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Mationallty Couniry where patents were applied for
of appli-
CARE Japan United Germany France aited USSR Others
Stales Kingdom
Japan 317,609 33,104 14 454 10,755 12,938 02 43,598
(54,743) {20,168) (G,EB8) (d,254) (5.440) (102) (13,932)
United 17,563 52,956 18,693 17483 19 598 1,664 161,087
States (3,759) (50,185) (7,135) (6,118) (6,850) (16T) (44,092)
Germany 7,436 13,345 43,265 13,471 13,075 830 87,999
(1812) {8,303) (16,204) (6,832) (6,179) (240) {32,720)
France 2,624 4,560 5115 15468 4,520 01 37,545
(654) (3,140) (2,752) (8301) (2,422) (BG) (15,129)
United 2B6) 6,502 4,778 4461 24,031 489 43242
Kingdom (432) {3,100 (1,637) (1471) {4,234) (30% (10,4707
USSR 357 570 459 365 403 146,021 5420
(108) (161) 22Ty (126) (BT) (83,348) (1,552)
Others 8014 20,323 15,663 12,929 15,269 2311 -
(1,752) (10,482) (16,690) {3,737) {5,676) (584}
Total 357464 161,660 102, 427 74,942 90,234 151 808
(63,301} {95,539) (42,233) (32,879) (30,897) (84,57TT)
Percentage 11.1 4B8.7 5718 9.4 T34 3B -
of foreign (13.5) (47.5) (60,00 (74.8) (86.3) {1.5)
szlionalilies

Mote: 1. Numbers in parentheses refer to granted patents.

2. These data include designated countries under the PCT and the EPC.
3. The figures for the U.S.5.R. includes inventors’ certificates.

Source: "Industrial Property Statistics” compiled by the World Intellectual Property Organization

2.3.2.3. Trends in Patent Applications in
Japan

The number of patent applications in Japan
has been increasing. This is due to an improve-
ment in the level of technology and to the
impetus of active R&D. In 1990, the number of
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patent applications was 368,000 (a 4.7% increase
over the previous year). The number of
applications for utility: models was 138,000 (a
9.8% decrease over the previous year).
Numbers of patent applications in 1989 by
technical classification' are as follows:
* Physics: 94,000 (27.19% of the
application)
* Electricity: 85,000 (24.7%)

total

Science and Technology Agency
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United States

United Kingdom

1980 (62,000 patents)

Figure 2-3-11. U.5. granted patents by nationality of inventor

Source: United States Patent and Trademark Office

» Processing, operations, transportation: 59,000

(17.0%)

Numbers of patent applications by foreign
inventors have increased slightly during the last
few years. In 1990, there were 34,000 appli-
cations (9.3% of the total). A breakdown of patent
applications by nationality of inventor is as
follows: (Figure 2-3-14).

+ United States: 46.19%

+ Germany: 17.0%

« France: 7.2%

« United Kingdom: 5.6%
A breakdown of patent applications by foreign
inventors in 1990 by field is as follows:

« Chemicals, metals, textiles: 31.4%

- Processing, operations, transportation: 17.7%

+ Physies: 15.7%

- Electricity: 14.5%

10) Technical classification of an individual application of patent or utility model is arranged approximately one

year after the application has been filed.
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Table 2-3-13.Changes in the ratio of Japanese in patent applications(granted patents) in selected

countries (unit: %)
Year

Coun 1970 1975 1980 1985 19846 1987 1988 1989

Urited 5.1 8.5 12.4 189 18.7 15.1 20.1 20.5
States (4.1) (8.38) (11.6) (17.8) (18.6) (20.0) (20.7) ZLD)

Germany 5.8 7.2 103 12.5 12.0 125 134 14.1
(3.2) (9.5) (11.4) (14.4) (14.6) (15.1) (15.5) (16.3)

Franee 53 6.0 8.9 12.6 118 126 13.7 14.4
(3.8) (6.0} (6.7) (1.7} (12.6) 1z (125 (13.1)

United 58 6.8 9.6 12.6 1y 12.5 13.5 143

Kingdom (5.6) (9.0) (9.4) (17.2) (16.7) (16.8) (17.0) {17.6)

Heeh el nnds 6.5 6.4 8.3 2.3 B0 86 21 5
(3.9) (93) (11.8) (9.9) (8.7) (10.0) (58 (10.0)

Sweden a2 ig 4.5 59 2 6.4 T.2 7.4
(1.5) a7 (4.6) 63 (6.6) (6.3) {6.5) (6.4)

Sdtersinsd 34 i1 56 6.4 .0 6.8 T.1 73
(24} (4.6) (6.2) 7.9 .9) (7.0) (6.5) (5.6)

Korea - 4.2 320 30.1 26.6 .7 nz 25.0
: p (44.4) (35.8) (44.5) (41.6) @s5.1) (35.5)

Canrada 58 6.8 8.1 11.1 11.2 1ng 118 11.6
G4 (6.5) (7.8) (10.9) (1LY (10.7) (1.9) (12.8)

Source: "Industrial Property Statistics™ compiled by the World Intellectual Property Organization (WIPQO)
European Patent Office statistics are used in addition only for 1980.

Switzerland
2% S,
4. 3% 3
Patent apglicanons
lll:_I| by Torgn Insanl o
..:::p;ﬁﬁii otal 34,000
United Kingdom T—=17 2%
Gar;naml
France rmga

Figure 2-3-14. Share of patent applications in Japan by nationality of foreign inventor
(1990 total: 34,000)

Source: "Patent Agency Yearbook” compiled by the Patent Agency
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Part 3.
Science and Technology Policy
Development in Japan

3.1. Outline of Science and Tech-
nology Policy in Japan

3.1.1. General Guideline for Science and
Technology Policy

In March 1986, the Cabinet approved The
General Guideline for Science and Technology
Policy, based on a recommendation submitted by
the Council for Science and Technology (CST),
in order to dynamically and organically promote
]a,pam:sa science and technology from a longer
standpoint. The General Guideline provides for
the following spheres of activity.

* Promoting highly creative science and tech-
nology centered on reinforcing basic research

+ Emphasizing the international aspect of
science and technology

* Developing science and technology in har-
mony with man and society

The General Guideline also provided for a
series of basic R&D plans, each intended to
encourage a specific area.

Several themes have been developed from The
General Guideline, and these are described in
the sections below.

3.1.1.1. Promoting Creative Science and
Technology

The General Guideline makes the following
recommendations to ensure continuing crea-
tivity in the nation’s scientific research.

* Providing systematic support for the activities
of national research institutes

* Increasing R&D investment
* Securing and training R&D personnel
* Consolidating the basis for science and
technology promotion
Several measures have been devised to imple-
ment these recommendations. Specially, the
government has identified a number of impor-
tant areas of research and development which
should be promoted. Of these, seven fields in
basic, leading science and technologies are being
given particu lar encouragement.
+ Materials science and technology
» Information/electronics science and tech-
nology
+ Life sciences
« Soft science and technology
* Space science and technology
+ Ocean science and technology
* Earth science and technulug:r'
Various programs currently are being imple-
mented in each of these areas.

3.1.1.2. Emphasizing the International Aspect
of Science and Technology

Japan has been encouraged by international
trends to expand its role in the world community
by furthering international
cooperation.

The Human Frontier Science Program and
The Space Station Program are two recent
examples of greater bilateral or multilateral
cooperation between Japan and the industrialized
countries. Another example is the newly
established Fellowship Program to expand

exchange and
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international exchange by inviting researchers
from abroad to conduct research at research
institutes and laboratories in Japan.

3.1.1.3. Developing Science and Technology
in Harmony with Man and Society

In addition to the advancement of basic and
leading science and technology fields, The
General Guideline also identifies as important
areas of R&D, areas related to activating the
economy and to improving the quality of society
and life.

Promotional objectives within these fields
include the following.

* Recycling and effective utilization of re-

SOUrces
* Improvement of service to society and life
* Maintaining and improving the mental and

physical health of the people
* Formulating an individual and cultural life
* Formulating a comfortable and safe society
* Improving the human environment based on

a global viewpoint

Recent changes both at home and abroad have
demonstrated the need for an updated general
policy on science and technology. On June 22,
1990, the Prime Minister requested the CST to
conduet an inquiry and report its findings on
General Basic Policies on  Science and
Technology for the Next Century.

3.1.2. The Council for Science and
Technology

The Council for Seience and Technology
(CST) was established in February 1959 to
comprehensively promote overall science and
technology policies of the government as the
supreme deliberative science and technology
policy organization. Under the terms of I_hu
Establishment Law of the Council for Science
and Technology, the CST is an advisory body to
the Prime Minister supervised by the Prime
Minister's Office. It is chaired by the Prime
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Minister and its members include cabinet
ministers dealing with science and technology
and distinguished experts in various fields.

The CST’s main task is to advise to the Prime
Minister in the following.

+ Establishment of general basic science and
technology policy

* Establishment of comprehensive long-term
research goals

» Formulation of basic guidelines for promoting
specific research areas aimed at achieving
these goals

The CST recommends findings on inquiries
to the Prime Minister and, when appropriate,
submits CST-initiated advice (Table 3-1-1).

The CST Committee on Policy Matters,
composed of distinguished experts from various
fields,manages important matters in a timely and
appropriate manner and designs and develops
flexible science and technology policy.

The tasks of the Committee is as follows.

* Decide the direction for discussions on a
recommendation

* Set the guidelines for expenditures of the
Special Coordination Funds for Promoting
Science and Technology

* Decide on priorities for promoting science and
technology

* Direct basic investigations for guideline on
planning science and technology policies

3.1.21. The Formulation of General Basic
Policy

3.1.2.1.1. Recommendation Pursuant to Inquiry
No. 1 Comprehensive Fundamental Policy
for Promotion of Science and Technology to
cope with Current Changing Situations from
a Long-Term View; submitted on November
27,1984

The CST Recommendation pursuant to
Inquiry No. 11 makes fundamental recommenda-
tions on science and technology which have
subsequently become the cornerstone of the
government’s current, 10-year science and

Science and Technology Agency
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Table 3-1-1. Outline of major recommendations by the Council for Science and Technology

Title Date Outline
Recommendation for Inquiry In order 10 prevent disasters due to meteorological phenomena,
No. 9 "basic program for ; contrel the expansion of damage in case disasters have occurred
R&D on disaster prevention”™ July 6, 1981 | and achieve recovery from disasters, the recommendation suggests
the R&D areas amd objectives concerning disaster prevention
science and technology to be strongly promoted for a long period
by the initiative of the government.
Recommendation for Inquiry In order o develop more comprehensively, systematically and
Ma. 10 "basic plan for R&D efficiently those technologies rapidly progressing in reécent years
on life sciences® April 24, which manipulate so-called genetic information  systems of
1984 organisms  such a5 DNA recombination and cell fusion, the
recommendation suggesis the R&D areas and objeciives 1o be
emphasized for the time being and the promolion measures io
achieve the objectives.
Recommendation for Inguiry Taking into consideration the changes in conditions summounding
Neo. 13 "intermediate and August 28, national research institules and the problems which they are facing,
long-range basic policy lor 1987 the recommendation suggesis desirable medium- and long-term
national research institules” prospects for their fulure roles and ways 1o activate these roles.
Recommendation for Inguiry In order 1o coniribute to the comprehensive and systematic
No. 14 "basic plan for R&D August 28, promation activities in the fulure concerning materials science and
on Materials 5&T" 1987 technology, which has been rapidly progressing in recent years, the
recommendation  suggests  significant R&D  objectives  and
promation measures for the next 10 years.
Recommendation for Inguiry With respect to infoemation/electronics science and technology
Mo. 15 "basic plan for R&D March 14, rapidly progressing in récent years, the récommendation suggesis
on Information/Electronics 19849 expectations of this son of science and technology, significant R&:D
S&T" tasks and promation measures for the next 10 years.
Recommendation for inquiry With respect o production and distribution of science and
Mo. 16 "comprehensive hasic technology information, development, installation and provision of
policy for upgrading and Diecember 5, instruments and equipment and development, storage and supply of
strengthening the 1989 materials, gemelic resounces, elc. as well as research supporting
infrastructure to suppor functions as an environmental condition for activating fundamental
S&T" activities and intellectual properties, the recommendation suggests
the fundamental guidelines for constructing the infrastructure to
support of science and echnology.

Note: Excluding recommendations described in the text.

* Developing science and technology emphasiz-
ing their international aspects
+ Harmonizing science and technology with

technology policy.

This report specifies three basic principles of
activity as crucial building-blocks for the
cultural enrichment and socioeconomic im-
provement to be achieved through the general
development of science and technology.

* Promoting highly creative science and tech-
nology centered on reinforcing basic research

man and society
Following this, the CST submitted its
Recommendation pursuant to Inquiry Neo. 12,

General Guideline for Science and Technology
Policy, on December 3, 1985,
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This recommendation deals with issues that
have surfaced subsequent to the submission of
the Recommendation based on Inquiry No. 11.
Further, the objectives stated in the earlier
recommendation are reworked into concrete
recommendations for key administrative-level
goals for the promotion of science and
technology.

The Cabinet adopted the Recommendation
pursuant to Inquiry No. 12 and approved The
General Guideline for Science and Technology
Policy in March 1986.

3.1.2.1.2. Inquiry No.18  General Basic Policies
an Science and Technology for the Next
Century; submitted on June 22, 1990

Major changes in the situation both at home
and abroad necessitated the formulation of a new
general science and technology policy. Changes
in the situation abroad included the easing of
Fast-West tensions and the movement among the
members of the European Communities (EC)
toward unification. Chﬁngtﬁ in the situation at
home included fast-paced structural changes in
the economic sector, rising expectations for
improvements in the standard of living, and the
aging of society.

On June 22, 1990, the Prime Minister
presented Inquiry No. 18 to the CST, requesting
recommendations for 10-year science and
technology policies to follow on from those
implemented as the result of Recommendations
No. 11 and 12.

In response to the inquiry, the CST set up a
General Planning Subcommittee, a Subcommit-
tee on Important Research and Development
Areas, a Personnel Subcommittee and a
Subcommittee on Research and Development
Investment. Investigations and deliberations are
being conducted mainly by its Panel on General
Planning.

3.1.2.2. Basic Plan for Important Areas of
Research and Development
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3.1.2.2.1. Recommendation Pursuant to Inquiry
NodA7 Basic Plan for R&D on Earth Science
and Technology; submitted on June 22, 1990

Problems such as the destruction of the ozone
layer and global warming, both of which were
discussed at the " Arché ; Summit, demonstrate
how major consequences can accompany global
environmental problems.

In March 1989, the Prime Minister presented
Inquiry No. 17 to the CST, requesting recom-
mendations for formulating basic R&D plans
that, if acted upon, would help to increase the
knowledge of our planet and contribute to
worldwide prosperity.

The CST formulated its recommendation at
the plenary session on June 22, 1990, and
submitted it to the Prime Minister. The recom-
mendation was approved by the Prime Minister
as The Basic Plan for R&D on Earth Science
and Technology on August 20, 1990,

The recommendation suggests the need to
understand the earth as a total system, and sets
up the "human activities sphere” besides other
spheres like the geosphere and hydrosphere.

The report’s recommendations cover a period
of ten years and address the following spheres of
aclivily.

* Promotion of R&D on earth science and
technology as a comprehensive system

» Orientation toward science and technology in
which a proper balance between man and
nature is maintained.

* Promotion of R&D focused on Asia and the

Western Pacific.

The recommendation also identifies a number
of key R&D subjects and presents the govern-
ment’s role and tasks.

3.1.2.2.2. Inquiry No. 19 Basic Plan for R&D
on Soft Science and Technology submitted on
January 22, 1991

Under the circumstances where seience and
technology become increasingly sophisticated
and complex, it has become an important task for
us to derive potentials of science and technology
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and make them contribute to the solution of
complicated social problems. Soft science and
technology, which is positioned as an important
R&D area in The General Guideline for Science
and Technology Policy, is not only quite
effective in solving these problems and essential
for making full use of hardware functions, but
also is significant in analyzing the mutual
relations of various elements in humanistic and
social phenomena. On the other hand, due to
recent progress of R&D in such relevant area as
information and electronic science and
technology, the fundamental environment for
developing soft science and technology has been
maturing. Under these circumstances, in
January 1991, the Prime Minister considered the
need to promote planned R&D of soft science and
technology in wide-ranging areas and made an
inquiry to the CST concerning basic R&D plans
for soft science and technology. In response to
the inquiry, the CST has set up a new
Subcommittee for Soft Science and Technology
and is now conducting investigations.

3.1.2.3. Comprehensive Coordination of
Policies for Science and Technology Promo-
tion

3.1.2.3.1. The Special Coordination Funds for
Promoting Science and Technology (SCF)

The SCF were first established in FY1981 to
facilitate the comprehensive promotion of
science and technology as a funded system; they
are expended in accordance with the guidelines
decided by the CST. Administration of the SCF
15 based on a policy document entitled The Basic
Guideline for Allocation of the Special
Coordination Funds for Promoting Science
and Technology which was adopted by the CST
in March 1981. More specifically, the SCF are
expended in accordance with the annual guide-
line of the CST Policy Committee.

Joint research utilizing scientific and
technological potential in the region and the
Special Researcher System for Science and

Technology were started in FY1990, and the
International 'Wﬁrk:-:.hup Support Program was
launched in FY1991.

3.1.2.3.2. Guideline on the Priority for
Promoting Science and Technology
The Committee on Policy Matters decides
annually the Guideline on the priority for
promoting science and technology along the line
with The General Guideline for Science and
Technology Policy.
The Guidefine on the priovity for promoting
science and technology in FY1991 was decided
in July 1990 and stresses the following areas.
(i) strengthening the measures to increase
young research pr:mmmr.l In universities,
national research institutions, etc. and to
cultivate mriginalit}' of individual resear-
chers;

{(ii) bolstering and strengthening international
joint  studies and projects
emphasis on the initiative of our country;

which put

(i11) strengthening the basis for promoting
science and technology, which includes the
construction of databases and formation of
networks and other means of collection,
processing and supply of science and
technology information

3.1.2.3.3. Basic Investigations for Planning
Science and Technology Policies

The Sub-committee on Policy Studies under
the Committee on Policy Matters undertakes
ha::kgmund investigations and analyses in areas
deemed essential to the formulation of policies
effective  R&D
promotion. Investigations are financed with
appropriations from the SCF.

In FY1990, the following investigations were
continued from the previous year.

for comprehensive and

- Investigation on the direction of development
in advanced science and technology fields

+ Investigations into improving the conditions
for the promotion of basic and leading science
and technology
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+ As a part of basic investigations, an annual
forum on science and technology has been
held. In FY1990, the 10th Forum on Science
and Technology was held in January 1991
with the theme of "Towards Science and
Technology in Harmony with Humanity™

3.1.2.4. Follow-up Activities for CST Recom-
mendations

Follow-up activities for CST recommenda-
tions are conducted in the Committee on I"-Ulic}'
Matters to realize the policies recommended and
to coordinate the science and technology
policies.

In July 1985, the Subcommittee on the Life
Sciences set up the Ad-hoc Committee on Life
Sciences and Human Being. The Committee,
with members who are experts in the biological
and medical fields, as well as in the humanities
and social sciences, was organized to follow up
on the theme of Development of Science and
Technology in Harmony with M an and Soctety
presented in the Recommendation on Inquiry
No. 11.

The Committee explored the effects of
advances in the life sciences on individuals and
society and highlighted
concerned. The Committee submitted a summa ry
of its deliberations in June 1990,

Similarly, the Ad-hoe Committee on Coopera-
tion in Hesearch between Industrial, National
University and Government Facilities submitted
a report on its findings in March 1990.

the major issues

3.1.2.5. International Development

The rapid changes in the international
situation around Japan have resulted in the
recognition that the necessity to contribute to the
international society in the field of science and
technology is much more than ever before.

High level policy matters dealing with, for
example, the ideal method of carrying out

large-scale  international cooperation  and
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long-term R&D, and global environmental issues
also have rapidly increased.

Therefore, the CST also has been required to
use its own judgement to develop international
activities in a more active manner.

3.1.2.5.1. Ad-hoc Committee on International
Affairs

In line with what was mentioned above, in
November 1987, the Committee on Policy
Matters set up the Ad-hoc Committee on
International Affairs to discuss basic perspectives
on the various international relationships
around science and technology field.

In FY1990, the Ad-hoe Committee set up a
study group to conduct investigations and
deliberations mainly of international contribu-
tions in the area of science and technology. It
finalized in June 1990 a report entitled "Perfor-
mance of International Contributions concern-
ing Science and Technology in Japan™. In
December 1990, the committee concluded a
report entitled "Toward the Globalization of
Science and Technology™. The report advocated
(i) the further promotion of public disclosure,
distribution and transfer of results of science and
technology; and (ii) the development of science
and technology on a global scale through
international cooperation to cope with common
problems of mankind, and increasing the scale
and diversification of science and technology, in
other words, the "Globalization of Science and
Technology™.

3.1.2.5.2. International Invitation Meeting of the
CST

As seen in the promotion activities for solving
common problems of mankind and for
large-scale internationzl joint projects, interna-
tional coordination in science and technology
policy has become increasingly important in
recent years. Under these circumstances, the CST
started  from FY1990 The International
Invitation Meefing. Important persons from
abroad involved in science and technology poliey

Science and Technology Agency
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are being invited to exchange opinions with
members of the Committee on Policy Matters of
the CST. In FY1990, Mr. McTague, a member
of the President’s Council of Advisers on Science
and Technology (PCAST), and Mr. Fasella,
President, the Science and Technical Research
Committee (CREST) of the EC, were invited in
January 1991. Science and technology policies
in the countries concerned were introduced and
opinions concerning international science and
technology policy were exchanged.

3.1.2.5.3. International Exchange of Views on
Science and Technology Policy
3.1.2.5.3.1. Japan and the EC

In response to the proposal in the 1984
Japan-EC high-level consultations, the CST and
the EC commission have exchanged views on
science and technology policy. The fourth round
of discussions was held in Brussels in March
1990,

3.1.2.5.3.2. International Conferences

A CST member participated in discussions on
international cooperation in science and
technology at the 9th Meeting of Presidents of
Research Councils of Canada, Europe, Japan, and
the USA (Scientist Summit) held in Munich in
1990,

3.2. Structures for Promotion of
Science and Technology

3.2.1. Administrative Structure

In principle, each government ministry or
agency has jurisdiction over the promotion of its
own science and technology programs. Research
is carried out at relevant national research
institutes, puhlic research corporations and
national universities, including inter-university
research institutes.

For example, the Ministry of Education
administers academic research programs; the
Ministry of Health and Welfare conducts
research with the goal of improving health and
social welfare; the Ministry of Agriculture,
Forestry and Fisheries carries on research for the
nation’s agriculture, forestry and fishing: the
Ministry of International Trade and Industry
carries on mining and industry research; the
Ministry of Transport has jurisdiction over
transport-related research programs; and the
Ministry of Posts and Telecommunications
oversees telecommunications research (Figure
3.2.1).

The Science and Technology Agency has the
responsibility to ensure that all
ment-sponsoreid technology
promotion measures are conducted expediently
and effectively, and that the goals of research
programs are adequately balanced from the
standpoint of national development.

The Agency coordinates budget requests and
estimates for the national research institutes.
Moreover, the Agency oversees the management
of the Special Coordination Funds for Promoting
Science and Technology. The Agency, however,
has no jurisdiction over science and technology
research carried out at universities and colleges,
nor for research programs related solely with
humanities.

Some institutions, such as the Japan Key
Technology Center, the Bio-oriented Technology

gl'll Viern-
science  and
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Cabinat

Figure 3-2-1. Administrative Structure (July 1991)
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Figure 3-2-1. Administrative Structure {July 1991)
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Table 3-2-2. Science and technology budget allocations--1987 to 1991 (¥ 100 million)

Fiscal Year
liem
1987 1988 1989 155K 1991
Science and T:ctmnlng__lf'_wi?qum (A) 4,006 4,173 4,480 4,755 5,074
Percentage increase over the previous F 25 42 T4 6.1 .7
year
Research appropriations other than these 12,617 12,984 13,676 14,454 15,153
earmarked in the Science and Technology (B)
Promotion Fund
Percentage increase over the previous % s 29 S 5.7 4.8
year
Science and Technology Budget (Cy= 16,623 IT,157 18,156 19,209 20,226
2 b | (e ) S e
Percentage increase over the previous b i3 32 58 58 53
year
General Account Budget (D 541,010 566,997 oi4,142 2, 368 703,474
Perceniage increase over the prévious i 0.0 4.8 .6 9.6 6.2
year
(C) + (D) x 100 o 307 3.03 3.0 2.90 2.58
General Budget Expenditure (E) 325,834 329821 340,805 353,731 370,365
Percentage increase over the previous T 0.0 12 33 3.8 4.7
year

Note: 1. All amounts represent initial budgets or appropriations for the respective fiscal year.
2 Since amounts have been rounded, the sum of the amounts and percentages for each column,
and the totals and percentages shown above do not necessarily agree.
3. Amounts shown for research appropriations other than those earmarked in the Science and

Technology Promotion Fund(B) are Science and Technology Agency estimates.

Research Advancement Institution, the Adverse
Drug Sufferings Relief and Research Promotion
Fund, and the New Energy and Industrial
Technology Development Organization, support
R&D activities in the private sector.

3.2.2. Budget Allocations

In FY1991, the national science and tech-

nology hudgel“ totaled 2.0226 trillion yen, up
5.3% from the preceding year.

Compared to the previous year, the FY1991
General Account Budget rose 6.2% and the
General Budget Expenditure” increased by 4.7%
(Table 3-2-2).

In FY1991, expenditures for the science and
technology promotion fund were 507.4 billion
yen, up 6.7%, and other research-related expend-

1) This figure is a Science and Technology Agency estimate. b
2) That is, the General Account Budget less payments on government bonds, subsidies to local governments and

the amount transferred to the spﬁ:cial account for industrial investment,
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Table 3-2-4. Science and technology budget breakdown by ministries and agencies-—{¥ million)

Fiscal Year
Ministiry or agency
1904 1991
Diiet 533 533
Sdence Council of Japan 951 1,051
National Police Agency 1,055 1,143
Hokkaido Deveélopment Agency 149 148
Defence Agency 104,268 115,045
Economic Planning Agency i) E50
Science and Technology Agency * 494,775 522,561
Environment Ageacy 9217 100, 0
Ministry of Justice o3y 1,006
Ministry of Forcign Affairs 7,005 8,160
Ministry of Finance * 1,087 1,193
Ministry of Education * 894,301 936,324
Ministry of Health and Welfare * 51,242 S, 144
Ministry of Agriculture, Foresiry and Fisheries * 70,108 73,557
Ministry of International Trade and Industry * 251,548 255913
Ministry of Transpor * | 7,402 0,514
Minisiry of Posis and Telecommunicaiions * 30,657 33,904
Ministry of Labor * 4,140 50446
Ministry of Consiruction 5,979 6,624
Ministry of Home Affairs 563 616
Toual 1,920,871 2,022 63]

Note: 1. All amounts represent initial budgets or appropriations for the respective fiscal year.
2. Since amounts have been rounded off, the sum of the amounts for each column, and the totals
shown above do not necessarily agree.

3. Some amounts include appropriations for humanities.
4. The amounts for the ministries and agency marked with asterisks include the Science and

Technology Budget appropriations from Special Accounts.
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Table 3-2-5. Science and technology budgets of selected countries

Fiscal Year
Country
18 1987 1988 1989 | 1990
¥ 1060 million 16,064 | 16,623 17,157 | 18,156 | 19,209
Japan -
Percentage of the Science and Technology Budget in 297 .07 303 3.01 290
the General Account Budget
LISS million 52,141 | 53,256 56,100 o0,760| 63,810
United
States ¥ 100 million B7.858) T7,008) 71,920 | 83,849 92,397
Percentage of the science and lechnology allocation in 53 5.3 53 53 51
the national budpe
M. million 12,898 | 13,144 | 13,255| 14017| 15312
Ciermany ¥ 100 million 10,010 ( 10,577 9672 10,286 13,721
Perceniage of the science and technology allocation in 4.9 4.9 4.8 4.8 39
the national budget
Fr. million 63,330 | 64,655 71,767 | 75,008 | 80,354
France ¥100 million 15408 | 15,556 | 15437 16.217| 21,366
Percentage of the science and technology allocation in 6.1 6.2 6.0 6.5 0.6
the national budget
£ sir. million 4585 | 4,541| 4,062 5034 e
Linited
Kingdom ¥100 million 11,335 | 10,767 | 10,643 | 11,387 -
Percentage of the science and technology allocation in 33 X1 X1 3.0 -
the national budget

Mote: 1. The accounting procedures for national budgets and for science and technology allocations from

national budgets vary from country to country.

2. The amounts for Germany represent the federal budget and do not include the majority of

expenditures for research at universities which are shouldered by state governments.
Source: Japan- The Budget Book

United States - Budget of the U S Government

Germany - Faktenbericht 1990 zum Bundesbericht Forschung, 1988;

Finanzbericht; Statistische Informationen;
France- attachments to the draft budget
United Kingdom - Annual Review of Government Funded R&D 1989,1990; The Government
Expenditure Plans 1988-1989 to 1990-1991, 1989-1990 to 1991-1992

172 Science and Technology Agency



Science and Technology Policy Development in Japan

3.3. Promotion of Research Activi-
ties

3.3.1. Promotion of Important Areas of
Research and Development

3.3.1.1. Basic and Leading Science and
Technology Fields

3.3.1.1.1. Materials Science and Technology

The discovery of new materials has always
strongly influenced societies and  their
economies. Such materials open the door to new
fields in technology that substantially alter
existing ones, precipitating changes in the
manufacturing sector and in society as a whole.
A recent example of such a force for change is
the discovery of new superconductive materials.

The exploration of many potential R&D fields
in advanced disciplines, such as information/
electronics science and technology and life
sciences, awaits the development of new
advanced materials. The key to advancing this
development is R&D in materials science and
technology — the common and basic technology
that supports the innovative research that lies at
the basis of a scientific and technological nation.

Today the need for advanced materials is
especially acute in big R&D projects related to
supercomputer development, fusion technolo-
gies, and space and ocean research and
development. The research, development and
production of new materials are treated as an
immediate priority in the nation’s science and
technology programs.

3.31111. Comprehensive Promotion of
Materials Science and Technology
Accordingly, the government is currently
implementing policies for further advances in
many fields of materials science and technology.
This is in keeping with the CST's recommenda-
tion on priority and also is in conformance with
recommendations from the Council for

Aeronautics, Electronics and Other Advanced
Technologies.

In the Recommendation pursuant to Inguiry
No. 11, submitted in November 1984, the CST
identified materials science and technology as a
basic, leading field with considerable potential
for promoting new developments and as one
science and technology area aimed at economic
activation.

In ?s"l;l:,' 1986 the Prime Minister presented
Inquiry No. 14, Basic Plan for R&Din the Field
of Materials Science and Technology, to the
CST for deliberation. The CST began an
investigation of R&D objectives and guidelines,
submitting its recommendation to the Prime
Minister in August 1987. The recommendation
was approved by the government in October
1987.

Also, the Council for Aeronautics, Electronics
and Other Advanced Technologies established
zeneral guidelines for the advancement of
materials science and technology through
recommendations made in the following three
reports,

» Recommendation pursuant to Inquiry No. 5,
General R&D  Promotion Policies  for
Advanced Science and Technology and
Associate Materials Science and Tech-
nology, submitted in August 1980
Recommendation pursuant to Inquiry No. 7,
General R&D Promotion Policies for the
Development and Manufacture of New
Matertals Based on Theortes of Materials
Design, submitted in September 1984

« Recommendation pursuant to Inquiry No. 9,

Important Issues and Guidelines for the

Promotion of Improved M easurement and

Control Technologies Related to New

M aterials Development, submitted in March

1986
» Recommendation pursuant to Ingquiry No. 13,

Promotion of Comprehensive Research and

Development on the Creation of New
Substances and Materials with the Ability to
Respond to  Environmental Conditions
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Intelligently and M anifest Their Functions,

submitted in November 1989.

Furthermore, in March 1991, the Minister of
State for Science and Technology made an
inquiry to the Council concerning The
Promotion of Comprehensive R&D for
Advancement of Analysis and Evalwation
Technology in Relafion to Malerials
Development (Inquiry No. 16). The Council is
considering measures to promote comprehensive
R&D concerning the advancement of analysis
and evaluation technology of new materials.

3.3.1.1.1.2. Promotion of Materials R&D

Due to the demand for materials science and
technology, government ministries and agencies
are participating in R&D in this area.

The Science and Technology Agency is
furthering common and basic research in
materials science and technology through the
work, for example, at the National Institute for
Research in Inorganic Materials and the National
Research Institute for Metals. Moreover the
Agency through  the
administration of the Special Coordination
Funds for Promoting Science and Technology
and a number of other programs, including
Exploratory Research for Advanced Technology
(ERATO), under the auspices of the Research
Development Corporation of Japan (JRDC) and
the International Frontier Research Program,
under the auspices of the Institute of Physical
and Chemical Research (RIKEN).

The Ministry of Education also is encouraging
hasic

supports  research

science and
technology, as well as fostering creativity in the
research environment utilizing Grants-in-aid for
Scientific Research that allows scientists at
national universities to pursue their own chosen
avenues of study.

The Ministry of International Trade and
Industry is furthering R&D in advanced
manufacturing technology under the auspices of
the Research and Development Program on Basic
Technologies for Future Industries and the

research  in  materials
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Large-scale Industrial Technology Development
Program.

3.3.1.1.1.3. R&D in Superconductive Materials

The discovery of high, eritical temperature
oxide-based superconductors at the IBM
Laboratories in Zurich, Switzerland in 1986
captured the attention of the worldwide scientific
community. In January 1988, the Science and
Technology  Agency’s National Research
Institute for Metals subsequently discovered the
first of several bismuth-based superconducting
compounds.

Although commercial applications of this
family of materials are expected to dramatically
affect the world’s socioeconomic situation, the
current reality is that superconductive materials
are still far from being commercially useful.
Basic and innovative R&D is needed in areas
such as the theoretical description of high
critical temperature superconducting behavior
and in new materials research.

To this end. a number of government
ministries and agencies are promoting R&D into
superconductive materials in accordance with
The Basic Measures for Promoting Super-
conductivity Research and Developmeni
compiled in November 1987 by the Ad-hoc
Committee on Superconductivity which was set
up under the CST’s Policy Committee.

In May 1988, the Science and Technology
Agency set up The Multi-core Research Project
on Superconductivily to promote the funda-
mental research required to realize the potential
of new superconductive materials. This project
takes a two-fold approach.

Firstly, it encourages maximum utilization of
the R&D potential of research organizations such
as the National Research Institute for Metals, the
National Institute for Research in Inorganic
Materials, the Japan Atomic Energy Research
Institute, the Power Reactor and Nuclear Fuel
Development Corporation, the National Space
Development Agency of Japan, and the Institute
of Physical and Chemical Research (RIKEN).

Science and Technology Agency
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Secondly, it encourages joint research projects
between Japanese and overseas scientists and
fosters. an environment that promotes the
exchange of scientists and information.

The Ministry of Education is promoting basic
research in superconductors utilizing Grant-
in-aid for Scientific Research for innovative
programs lo researchers at the national
universities.

The Ministry of International Trade and
Industry also is promoting joint projects to
develop superconductive materials by promoting
industrial-academic-government  cooperation.
The Ministry’s work is mainly carried out as part
of the Moonlight Project and the Research and
Development Program on Basic Technologies for
Future Industries, utilizing research institutes
such as the Electrotechnical Laboratory and the
National Chemical Laboratory for Industry as
key institutes for cooperation. The Ministry also
is providing support for the International
Superconductivity Technology Center (ISTEC).

The Ministry of Posts and Telecommunica-
tions is pursuing R&D on superconductor
technology for advanced telecommunications
systems. This research is being carried out under
the auspices of The R&D on High-speed and
High-performance Communications Tech-
nology by using High-temperature Super-
conductors as a part of the Frontier Research
and Development for Next-generation Tele-
communications Systems Program which is
being promoted through industrial-academic-
government cooperation
Communications Research Laboratory.

Finally, the Ministry of Transport is
supporting the R&D of a magnetic-levitation
railway system using superconductors. This
research is being funded by subsidies provided
to the Railway Technical Research Institute

(RTRI).

centering on its

3.3.1.1.1.4. Promotion of International Coope-
ration in Material Science and Technology
The government is supporting a number of

bilateral and multilateral research projects and
is encouraging the flow of information and
interaction between researchers. Some of these
projects are described below.

(1) Bilateral projects

» Studies of High-Strength/High-Conductive
Materials and Their Application to High-Field
Magnets, between the National Research
Institute for Metals (Japan) and the Francis
Bitter National Magnet Laboratory (the
Mational Science Foundation, the United
States). This project was adopted in May 1990
under the Japan-U.5. Science and Technology
Cooperation Agreement.

« Atom Arrangement Design and Control for
New Materials, between the

Corporation of Japan and

Cambridge and London Universities in the

United Kingdom.

Research

Development

(2) Multilateral projects

* The Versailles Project on Advanced Materials
and Standards (VAMAS)

+ The Information Exchange Task Force on
Superconductive Power Applications of the
International Energy Agency (IEA)

Further, in 1990, Japan became the selected
country for the International Electrotechnical
Standard Commission’s (IEC) recently esta-
blished Technical Committee on Super-
conduetivity (TC-90).

3.3.1.1.2. Information/electronics Science and
Technology
3.3.1.1.2.1. Importance of Promotion

In recent years Japan has made remarkable
progress in information and electronics science
and technology. In addition to the development
of hardware technologies such as large-scale
ultrahigh-speed and ulirahigh-integrated cireu-
its, opto-electronics  technology of optical
devices, etc. and the production of more eompact
and higher-speed computers, the development of
software technologies has been promoted, and
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the entire field has been placed in a central
position in the development of leading
technologies.

Since the application areas of information and
electronics science and technology range widely
from various industrial sectors to household and
individual life, effects of R&D in this area on
industry, technologies and social life in the
country are immeasurable. Furthermore, the
harmonious development between science and
technology and mankind and social life will be
increasingly important in the future and R&D
contributing to such
progress are desired strongly.

activities capable of

3.3.1.1.2.2. Important R&D Tasks

(1) Devices, etc.

Microelectronics R&D of high-speed logic
devices and large-capacity memory devices are
prerequisites for continued advancement in
high-speed image processing and high-speed,
wide-bandwidth data transmission, as well as in
user interface tech unlng}a and in the processing,
transfer and storage of information.

A medium- to iung-tﬂ:rm analysis suggests that
physical and chemical research and appli-
engineering R&D in the
following fields also merits serious attention.

* Quantum behavior of electrons

* Properties of materials that have undergone
atomic lattice manipulation or alteration

* Micro-functional properties of biological
structures

cation-oriented

Practical research activities are being
conducted in The Creation of Materials for
High-functional Opto-electronic Devices with
a Liguid-drop Epitaxy M ethod by the National
Research Institute for Metals of the Science and
Technology Agency and “Development of
Quantized Functional Devices” through the
R&D Program on Basic Technologies for Future
Industries by the Ministry of International Trade
and Industry.
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(2) Information Processing

Trends in information processing technology
promise not only quantitative improvements
such as higher speeds and increased capacity, but
also  qualitative improvements such as
interpretation of information at a conceptual
level and inference, learning and judgement by
the function itself. Continued progress in this
area urgently requires closely coordinated R&D
in both hardware and software, including new
conceptualizations  of algorithms, program
language and architectures.

One of the projects currently underway is the
research on basic and fundamental technologies
relating to massively parallel computing
systems, necessary for greatly-increased process-
ing speeds.

Another important R&D field is the research
on basic and fundamental technologies of neural
network models and fuzzy logic systems that are
essential in achieving capabilities such as
understanding of imprecise expressions and
knowledge, inductive reasoning, analogistic
processing and learning. To this end, research on
Fuzzy Logic Svstems and Their Applicability
to User Interfaces and Non-linear Logic-based
Svstems and research on The Development of
Fundamental Technology for Sensor Fusion
are being conducted with funding allocated from
the Special Coordination Funds for Premoting
Secience and Technology.

In the Ministry of International Trade and
Industry, the R&D of the >5th-generation
Computers is being conducted. In addition, the
development of Structurized Models of New
Software is being performed through the R&D
Program on Basic Technologies for Future
Industries; Research on  an  Information
Processing System with a Flexible Structure is
underway in the Electrotechnical Laboratory.

{(3) Human Interfaces

Information systems are processing increa-
singly large volumes of information that is being
accessed by more and more users. To meet user
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demands, the equipment used in information
systems no longer can be confined simply to
mechanical processing, but must be able to
function with human-like intelligence. Research
in the psychological and cognitive sciences will
help identify methods for effective man-machine
interaction. :

In the Communications Research Laboratory
of the Ministry of Posts and Telecommuni-
cations, The R&D Program on Network
Human Interfaces is being carried out as a part
of the Research for Next-generation Tele-
communications Systems Program. In the
Ministry of International Trade and Industry,
The Development of Fundamental Tech-
nologies for the Dispersed Information
Processing Environment of the Futureis being
promoted.

(4) Information transmission

The information-oriented
society has the dependence on
telecommunications, necessitating research in
high-speed, high-volume and more advanced
telecommunications systems that support more
sophisticated applications.

In cable-based telecommunications, coherent-
lightwave optical communication systems using
lasers have the potential to realize long-distance
data transmissions with an exceptionally high
volume.

In wireless-based telecommunications, R&D is
underway on high-frequency oscillators and the
other devices, including components, peripheral
circuits, antennas and modulators/demodu-
lators, used for transmission over bandwidths
ranging millimeter to
wavelengths.

Research also is being carried out on
telecommunications technologies based on new
principles, such as nonlinear optical phenomena,
lo cope with the increasing high-speed and
high-volume communications of the future.

The Ministry of Posts and Telecommuni-
cations has initiated R&D of Basic Technology

structuring  of
increased

from ultraviolet

for Ultra-multidimensional, Plastic Networks
as a part of the Research for Nexi-genemtiuu

Telecommunications Systems Program - to
investigate promising areas in advanced
telecommunications,  including  dynamic

networks that can be freely configured or
reconfigured to many different connection
topologies and intelligent networks able to
provide services for high-level applications.
Also, in the Ministry of International Trade
and Industry, R&D of a Database System with
Mutually Operating Computers is being
conducted to construct a dispersed database
highly reliable in
multi-media demands.

syslem response to

(5) Application to Social Needs

R&D is underway for the implementation of
applications based on the technologies outlined
in the previous sections. This work is focused on
the advancement of society and the enrichment
of individual lifestyles through effectively
applying these technologies in support of daily
life, medical care, education, production and
cultural pursuits.

Table 3-3-1 summarizes the major R&D
subjects in information/electronics science and
technology undertaken by the various govern-
ment ministries and agencies during FY1991.

3.3.1.1.3. Life Sciences
Research in  the life
complex and

aims at
elucidating  the elaborate
mechanisms in living organisms. The life
the potential to contribute
substantially to the solution of many problems
related 1o health care, medical treatment,
environmental protection, a,griuullun:., furcﬁtr}r,
fishery and chemical industries.

sclences

sciences  have

3.3.1.1.3.1. Basic Policies for the Promotion of
Research in the Life Sciences
In 1971 the CST submitted its Recommenda-

tion pursuant to Inquiry No. 5, citing the
importance of promoting research in the life

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991 177



Science and Technology Policy Development in Japan

Table 3-3-1. Major research subjects in information / electronics science and Technology (in FY1991)

Ministry or agency

Research instiute or progrim

Subject

Science and
Technology Agency

* Special Coordination Funds
for Promoting Science and
Technology

* Research to develop the fundamental technology of sensor
fusion

* Research to construet self-organization-type information base
syslems 10 suppint creative RdDd activities

* Research concerning fuzzy systems and their applications to
human and natural Sysiems

* Research concerning gencration of vacuum ultraviolet rays and
the technology of their use

* Manional Research Institute
for Metals

* Creation of materials for high-funclional opto-electronic
devices by liquid-drop epitaxy method

* Mational Institute for
Research in Inorganic
Materials

* Research concerning CEN opio-clectronic materials

* Instilute of Physical and
Chemical Research

* Research on photodynamics
* Research on frontier materials

* Research Development
Corporation of Japan

* Research into quantized magnetic flux analysis, phase analysis,
terahertz frequency charcleristics, and quantum wave theory

* Japan Information Center of
Science and Technology

* Development of databases [or frontier materials

Environmental
Agency

* Mational Institure fior
Environmental Studies

* Construction of databases for research of the earth’s
environment

Ministry of

* Mational universities
{through provision of grants-

* Optical properties of guantum wells under electric fields and
their application to ulirahigh-speed optical devices

International Trade
and Industry

* R&DD Frogram on Basic
Technologies for Fulure
Industries

Education in-aid for scientific research | * Advancement of man-machine interfaces by using voice
and other funding) language
* Large-scale Indusirial * Database sysiems for intercompuier communication
Technology Research and * Measurement and application technology of human senses
Development Program

Ministry of

* Quantized functional devices
* Models for structurizing new sofiware
* Bio-devices

* Development of Basic
Computer Technologies

* Filth-generation computer R&D

* Electrotechnical Laboratory

* Research concerning integrated processing of multiphase
information

* Research concerning new functional
devices

* Research concerning dialogue systems with natural language
* Research concerning information processing schemes with
Aexible struciures

structure of electronic
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(Tab.3-3-1)

Ministry or agency | Research institute or program

Subject

* Producis Science Rescarch

¥ Instituie
Ministry of
International Trade

* Research concerning configurative operation properties in
humsn interfaces
* Research concerning measurement and engineering structure of

human skills
and Industry e
* Mational Chemical * Research into the control technology for chemical reactions
Laboratary for Industry using lasers
Ministry of * Electronic Mavigation * Research concerning an aircrafi collision prevention system
Transport Research Instituie having a horizontal evasive function
* R&D of network human inlerfaces
* R&D of unexplored electromagnelic waves
* R&D concerning fundamental technology for ultra-multi-
dimensional plastic networks
Mimstry of Fosts | * Communications Research | * R&D concerning propagation of overland moving
and Telecommuni- | Laboratory COmMMUEnication in quasi-microwave bands
cations * R&D of light frequency band widihs

* R&D of a radio-relay sysiem in the stratosphere
* R&D conceérning electromagnetic environment measurement
equipment and measuring methods

sciences. After that, steady promotion of research
in life sciences has been proceeding on the basis
of recommendations of the CST.

3.3.1.1.3.2. Promotion of Research on Cancer
and the Acquired Immune Deficiency
Syndrome (AIDS)

Cancer is the leading cause of death in Japan,
being one-quarter of all mortalities. The
formulation of an appropriate set of policies 1o
promote cancer research was so important that
in 1983 the Cabinet Council for Cancer-Counter

Measures submitted a Comprehensive 10-year

Strategy for Cancer Control. Since FY1984,
relevant ministries and agencies have promoted
cancer R&D in accordance with this strategy.
In 1987, in response to the growing concern
over the acquired immune deficiency syndrome
(AIDS), the Cabinet Council for AlDS

Counter-Measures formulated The Programs for

General Anti-AIDS Policies. Al relevant
ministries and agencies are promoting AlDS
research along this line.

3.3.11.3.3. Promotion of Science and
Technology Research on Longevity
Demographic trends in Japan indicate a more
rapid aging of the population than that seen in
other countries. In recognition of this, the
Cabinet approved The Programs for Adjusting
to an Aging Population in 1986, Relevant
ministries and agencies are promoting R&D on
longevity in accordance with these programs.

3.3.1.1.3.4. Promotion of Recombinant DNA
Research

Experiments in recombinant DNA technology
have improved the quality of life by assisting in
determining the cause of diseases, manufa-
eturing pharmaceutical compounds, developing
micro-organisms for specific applications and
breeding new varieties of crops. Another facet of
recombinant DNA experiments is their potential
to create new or altered life.

The CST responded to a governmental inquiry
on the safety of experiments in recombinant
DNA in its 1979 Recommendation pursuant to
Inquiry No. 8, Basic Policies for the Promotion
of Research in Recombinant DNA. Based on
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this, the Prime Minister enacted Guidelines on
Recombinant DNA Experimentation the same
year and R&D activities were started within this
framework. The Guidelines have been amended
eight times to reflect increasing knowledge in
the field. The CST plans to continue to review
the Guidelines to meet the increase of knowledge
and requirements in research ensuring safery in
the experiments.

In 1978, the Science Council of the Ministry
of Education proposed its own set of guidelines
to ensure the safe, smooth progress of research
on recombinant DINA at the nation’s universities
and associated institutions. The Guidelines,
which take into account recommendations from
experts in the field, were first published in 1979
and have SEVEnN
revisions as a result of further deliberations
within the Council,

In considering the use of recombinant DNA

subsequently  undergone

tm:h:mlng:f at the stage of commercialization, the
Ministry of Health and Welfare, the Ministry of
International Trade and Industry and the
Ministry of Agriculture, Forestry and Fisheries
have issued guidelines for R&D under their
respective jurisdictions,

3.3.1.1.3.5. Promotion of Studies on the Human
Genome Analysis

Human genome analysis is aimed at reading
out of the base sequences of the entire human
DNA. It is expected that the analyses will bring
about many benefits such as elarification,
diagnosis and treatment of genetic diseases and
other illnesses and the elucidation of organisms’
alleged evolutionary mechanisms. Based on
Recommendation No. 12 by the Council for
Aeronautics, Electronics and Other Advanced
Technologies in 1988, Comprehensive Strategy
Jor Promoting R&D on Human Genome
Analysis, and the proposal by the Science
Couneil in 1989, various research activities have
been conducted in relevant ministries and
agencies. For example, research on the

automation  of the sequencing system,
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preparation of analysis materials and research
focussing on  particular genes have been
conducted mainly in the Institute of Physical
and Chemical Research and in universities. In
1990, the CST set up of the Human Genome
Committee in its Panel on Life Sciences. The
Committee has been examining the present
status in this country, international trends and
the future course of human genome analysis. The
Ministry of Agricultere, Forestry and Fisheries
has started research on rice genome analysis in
1991.

3.311.3.6 Promotion of Research on
Glyco-technology, etc.

Life sciences measures cover an extremely
wide-ranging area from the elucidation of life
phenomena, industrial use of animals and plants
to the problems of population and food. Recently
in particular, the Council for Aeronautics,
Electronics and Other Advanced Technologies
submitted its Recommendation No. 14 Policy for
FPromoting General R&D for Basic Studies in
Glyco-technology, in July 1990, Based on the
recommendation, research activities have started
focussing on the elucidation of functions in the
living body and the analysis of structures of
sugar-chains  with the cooperation and
coordination of the Science and Technology
Ageney, the Ministry of Health and Welfare, the
Ministry of Agriculture, Forestry and Fisheries
and the Ministry of International Trade and
Industry.

Table 3-3-2 summarizes the major R&D
subjects undertaken by the various government

ministries and agencies during FY1991.

3.3.1.1.4. Soft Science and Technology

The CSTs Recommendation pursuant to
Inquiry No. 11 submitted in November 1984, and
The General Guideline for Science and
Technology Policy approved by the Cabinet in
March 1986, both stress the need for promoting
scientific methodology in so-called soft science
and technology.

Science and Technology Agency
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Table 3-3-2. Major research subjects in life sciences (in FY1991)

Technology Agency

Ministry or agency Research institute or Subject
Program

* Rescarch on the development of basic technology 1o
elucidate the immune system
* Development of the basic technology to analyze the

* Special Coordination mechanisms of cancer invasion and metastasis

Funds for Fromoting Science | * Development of fundamental techniques for human gene

and Technology mapping
* Development of highly-sensitive, high resolution non-

Science and destructive techniques to elucidate the biclogical functions of

living systems at the molecular level
* Research on fundamental technology for structural and
functional analysis of glycochains

* Instituie of Physical and
Chemical Research

* Special research on biological functions of living organisms,
including a study on their genetic composition

* Bio-homeostasis research program, research program on
brain mechanisms of mind and behavior, and photodynamics
research program through the frontier research program

* Promotion of recombinant DNA experimentation

* Gene bank projects

* Research Development
Corparation of Japan

* Explomiory Research for Advanced Technology (Biophoton
Pro., Morpho Genes Pro., Plant Econochemicals Pro.,
Cienosphere Fro., eic.)

* Cooperative Development of New Technology (Develop
techniques 1o produce specific antibodies uuing the immune
system of birds and other creatures)

* Mational Instituie of
Radiological Sciences

* Application of heavy ion beams o the medical field

* Japan Atomic Encrgy
Research Institule

* Research into the unlization of radioactivity for
botechnology

Environment Agency

* MNational Instimute for
Environmental Stwudies

* Research 1o elucidate the chemical environmenis of
advanced echnologics

* Research concerning effective wse and environmental
assessment of biotechnology for preservation of the
environment

Ministry of Finance

* Rescarch Institute of
Brewing

* Research concerning structure and functions of organic cells
involved in brewing and distillation

Ministry of Education

* Mational universities
(through provision of granis-
in-aid for scientific rescarch
and other funding)

* Owerview of special siudies on cancers

* Complete features of the E. coli genome

* General basic research on AIDS

* Molecular cytobiological research into the mechanisms of
aging in the brain

* Molecular cytobiological research into the mechanisms of
reproduction in higher planis
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(Tab.3-3-2)

Research institute or
program

Ministry or agency

Subjeet

* Instituie of Public Health

* Research concerning physiological reactions and their
effects on health at the time of radical changes in
environmenial temperatures and load of cold

* Mational Institute of

Ministry of Health

* Genetic biochemical and molecular-biological research
concerning action orders of physic-pclive substances

Health * Cell-biological and molecular-biological research conceming
infection and the oulbreak of discases of microorganisms

of Vegembles, Ornamental
Plams and Tea

* Mational Institute of
Sericultural and
Entomological Science

* Mational Institute of
Animal Health

* Matonal Foods Research
Instituie

* Forestry and Forest
Products Research [nstitute
* Regionnl Fisheries
Itesearch Laboratories

Al Weltal * Mational Institute of * Motor and vegetative physiological research of physieal
Health Mutrition indications in health strengthening
* Malional Institute of * Amalytical rescarch on specificity, structure and fundlion of
Leprosy Research protein produced by leprosy bacillus
* Mational Institute of * Rescarch to evaluate the significance of indicators for
Hygienic Sciences bjological reactions
* Basic research concerning oplical isomers aiming al proper
evaluation of medicines
* Mational Institute of * Analytical research on rice penome and comprehensive
Agrobiological Resources research concerning biotechnological breeding of plants
* National Institute of Agro- | * General research in biotechnological plant breeding
Environmental Sciences * Gieneral research o develop new agricultural, forestry and
* National Institule of fishery techniques through the clarification and conirol of
Animal Industry biodogical information
* Mational Grassland * General research to elucidate the ecological order in the
Ministry of Research Institute agricultural, forestry and fishery systems and develop optimal
Agriculture, Foresiry | ® Fruit Tree Research controls
and Fisheries Station * Preparation of a generalized system for the control and

* National Research Institute | utilization of agricultural, foresiry and fishery gene sources
and genetic breeding information

* Development of quality- and productivity-increasing
technology of wheat and other crops from dry lields which
were formerly paddy fields

* Comprehensive research to develop high-functional
materials through structural changes of sugar

Soft science and technology can be used to
apply a scientific approach to the understanding
of thought and activity patterns--sometimes
called humanware--based on the characteristi-
cally human attributes of emotion and creativity.
R&D in soft science and technology can provide
much needed information on the working
mechanisms of brain-related activities such as
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cognition, thought, inference and judgment.
They can then be used to develop technology to
assist or partially substitute for these hitherto
exclusively human functions. Artificial intelli-
gence is one example of an active field of R&D
in sofl science and technology.

The CST considers that soft science and
technology have great potential to further the

Science and Technology Agency
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(Tab.3-3-2)
Minisiry or agency |Research institute or program Subject

* Mational Chemical * Research concerning synthesis of physio-active organic

Lahoratory for Industoy metal compounds

* Government Industrral * Research concerning bio-reactors moving under high

Research Institute, Nagoya lemperatures by wsing heat-resistanl enzymes

. * Development of biological catalysts through oxidation

i FtI:rmr:nlanun Research reaction of micro-water systems

Institute * Research into synthesized location-selective bioreactors
Minis:r_':- of * Research Institute for * Research concerning complex molecular systems having
International Trade Polymers and Textiles, sensing capability
and [ndustry Governmental Industrial

Research Institute, Osaka

and Industrial Products

Rezearch Institute

* Industrial P!r::rduuts * Research concerning measurement and engineering structure

Research Institute of human skills
Ministry of Posts and | * Communications Research | * R&D of high-efficiency coding technology through models
Telecommunications | Laboratory of perception mechanisms
Ministry -:-I' * Public Works Research * Research concerning actual use of sophisticated treatment
Consiruction Institute processes using fixation microorganisms

development of the role for science and
technology in the advancement of society and the
enrichment of individual lifestyles. Accordingly,
in FY 1987 and 1988 the CST allocated funding
from the Special Coordination Funds for
Promoting Science and Technology to sponsor
a two-year [nvestigation of the Present State of
and Fulure Methods for the Advancement of
R&ED in Soft Science and Technology. The
result of this study gave the CST a better grasp
on the current state of R&D and the current fields
in which soft science and technology are being
applied.

In 1974, the National Institute for Hesearch
Advancement (NIRA) was established with
investments from national and local govern-
ment organizations and private corporations.
NIRA has carried out research to ensure the
effective coordination of general R&D in soft
science and technology. This organization also
ensures the optimal application of research
results.

The National Institute of Science and
Technology Policy (NISTEP), established by

STA in July 1988, and other government policy
research organizations currently are enhancing
their policy research, which is one kind of soft
technology., many
problems under government jurisdiction in this

science and to clarify
area, especially those which have become more
complex as a result of the internationalization of
the nation’s society and economy.

3.3.1.1.5. Space/aeronautical Science and
Technology

3.3.1.1.5.1. Space Development

Space development plays an important role in
furthering technology  and
improving the quality of people’s lives through
its contributions in areas such as scientific
observation, communications, broadcasting and
meleorological observation.

Japan’s space development has been conducted
under the cooperation ufﬂrga.n izations im:li.lding
the National Space Development Agency of
Japan and the Institute of Space and
Astronautical Sciences. Activities are based on

sclence and
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both the "Fundamental Policy of Japan’s Space
Development” (published in March 1978, revised
in June 1990) and the "Space Development
Program,” annual
development plans in accordance with the
Fundamental Policy, as preseribed by the Space
Activities Commission.
In this Fundamental Policy, the I'nllowing
three directions are pointed out as basic
principles for Japan's space development policy.
» Response to advancing and diversifying needs
« Consistency with Japan’s role in international
society to improve the nation’s capability to
continuously and freely conduct various space
activities and international cooperation
* Encouragement of the private sector in the

which  specifies  the

space development
The following are the principal objectives of
this Policy.
» Promote scientific research
» Establish
technology
* Form the foundation for utilizing space
environment

satellite and launch wvehicle

+ Form the f[oundation for manned space
activities

(1) Satellites

Since the successful launch of Japan’s first
Ohswmi, in 1970, Japan has
successfully launched 46 satellites by April 1991,
and ranks third following the United States and
the U.S5.5.R.

The following sections deseribe the main
satellites. Table 3-3-3 provides a full listing of
satellites and payloads launched during FY1990,
and those planned to be launched in FY1991 and
thereafter.

(D Scientific Field

The Institute of Space and Astronautical
Sciences, in cooperation with universities and
related nationwide, has
successfully launched 19 scientific satellites.
These include the 11th Scientific Satellite
ASTRO-C for observing X-ray sources at the

satellite,

organizations
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center core of the active galaxy, the 12th

Scientific  Satellite EXO0S-D  for precise

observation of the acceleration mechanism of the

plasma particles responsible for the Aurora in the
earth’s magnetic field, and the 13th Scientific

Satellite MUSES-A  to  performed the

experimental swing-by  technique

accompanied by precise orbit determination for
future planetary exploration.

Other scientific satellites currently under
development include the following.

1)  The 14th scientific satellite SOLAR-A will
investigate high-resolution imaging of solar
flares during the solar maximum period.
This is a cooperative Japan-U.S. project.

2) The magnetosphere observation satellite
GEOTAIL, a collaborative program with
NASA, is intended to observe the structure
and dynamic of the extended tail of the
magnetic field line on the night-side of the
Earth.

3) The 15th scientific satellite ASTRO-D will
investigate X-ray precision imaging and
spectrum observation of heavenly bodies at
the far-edge of space.

4) The 16th scientific satellite MUSES-B is
designated to investigate the deployment of
a large dexterous structure and to test the
phase stable reference transfer by radio
waves for Space VLEL

5) The 17th scientific satellite LUNAR-A is
being designed to elucidate the intra-lunar
crustal and thermal structure.

(Z) Earth and Meteorological Observation

Regarding The Himawari series of
geostationary meteorological satellites, GMS-4
(Himawari 4), launched on September 6, 1989,
is currently operational. GMS-5 is currently
under development.

The Momo series of marine observation
satellites are used to observe the color and
temperature of the ocean surface and other ocean
phenomena. MOS-1 (Momo 1) and MOS-1b
(Momo 1b), the latter launched on February 7,
1990, are presently in service. Other satellites

lllﬂ&]'
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Table 3-3-3. Satellites and payloads launched during FY1990 and planned for FY1991 and thereafter

Oirbsital Launch Mapor objectives
Satellite/payload | Weight Orbit altivede | Lounch | date
{kg) (kmy | vehicle | (fiscal
o agion year)
* Y1990
* Continuation of the broadeast services
B5-3a Approx. | Geostation- August | provided by the BS-2 saellite
broadeasting 550 ary ol HDE H=l | 28, 1990 | * Service capacity for the ever-increasing
satelline volume and diversity of broadeasting
* Development of brosdeast satellite
technology

* Satellites and payloads 1o be liunched during Y1991 and aller (as of Apil, 1991)

* Continualion of the broadost services

B5-3b Approx. | Genstation. provided by ihe BS-2 saellie
hroadcasing 550 ary odhil HE 5] 1991 | * Service capacity for the ever-increasing
sellile volume and diversity of broodeasting
* Development of broadeast satellite
technology
SEPAC s, * Bluckdation of the light-emining
£pace . - - Space 1992 | mechanism of auroras, the movensent of
experiment wilh Shutile on clectrically charged particle in plasma,
pariicle and the promation of the mdio wave
acceleraon
SOLAR-A Approx. Approxi- Approg. * Joim Japan.US observation project (o
14ih scientific 420 male S50 | M-ASHE [ 199 |investigate high-resofution imaging of
saiellite circulng G0 sodor flares during the solar maximem
ot period
* Matural resource and national land
Surveys
ERS-1 Approx. Sun Approx, H-1 1990 | * Surveys of agriculiural, foresiry and
exfth fesources 1400 | synchronous 570 fishery resources
satedlite 1 subrecusrent * FEnvironmentad safety, disnster
orhil prevention and coasisl safety monitoring

* Funher development of active
ohservation lechnology

FMIPT s * Characiensiics of malenals
first material - - - Space 1992 | experimentation in space envirnment by
processing 1es Shunile a lapanese scientisl aboard the Space
Fiwatro “92 Shutlle
GEOTAIL us * Ohzervation research by Japan-ULS,
magnelphere | Approx, | Equatonal | 50,000 to | lovnch | 1992 | cooperation of the structore and dynamics
ohservation 750 orbit 1.6 vehacle of the extended 1ail of the magnelosphere
aelline mil lion on the might-side af the Earth
ASTRO-D Approx. | Appeoxi- | Appros. * Invesigation of X-ray precision imaging
15th scieniific 41 mixie Sbio | MA3SIE| 1992 | and specirum observalion of heavenly
satellite circular Gl Ixbies at the lar-edge of space
it
* Confirmation of H-11 test rocket
performance
ET5-Vi Approx. | Geostation- * Further development of large-scale
msimming et 2000 ary orhit - -1 1943 grostutionary 3-axis satellive bus
| sellite-V] technology required for (he development

of =alcllites in the 1995

* Development of lechnology and |esting
of high-perfnemance satellite
CINTIFTIUNICT s SyElems
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(Tab.3-3-3)
Lrhital Laurch Major objeciives
Satellite/poyload | Weight Cxbit alitede | Launch | dote
(g} {km)/ vehicle | (il
I3t by yean)
* Various scientific and engineering
experiments
* Astronomical chservations
SFU Apgrox, Circular | Approx. H-11 1993 | * Acguiring the opportunily requined for
space fyer unit | 4,000 oshil £ LT the R&D of advanced industrial
500 iechnologies
* Reliablity tesling and improvement of
exposed facility of JEM common
expenimeni equipment
GMS.5 peoin. * Improvement of wealher observalion
tionary meteoree | Approx. | Gersiation- -1 1993 | * Development of meteorological satellie
logical satellite. 40 ary orbil techrology
5
* Research into the mechanizm of large-
MUISTS-13 Approx. | Exiended L0 | M-V 1994 | scake parnbolic anienna deployment
16th scientific TG elliptical 20,000 * Hesearch ino the communicalions
satelline o bil technalogies required for VLB
1eFkm
LAUHAR-A Approx. Clircular over the | M-V 195 | ® Blucidation of crustal strociune and
1 Tih scientilic SH5 urhil o therrmal siructure of the moon
satellile suplace
* International coaperslion in monitorng
Sun glodhal environmental changes
ALEXS Approx, | syncheonous | Approx, * Develogenent of (he lechnology which
adwnnced earth 3,500 sul- H 11 1M | will be reguiced by the next generation of
ohserving recarren earth ohsereation platforms and similar
satellite orhil =lellites
* Develepment of the rechnology required
for the relaying eanth obscrvation data
* Mew technologies of sophisticaled
meving-body zatellite communications
COMETS techrology, imersaeliites
communications | Approx. | Geosiation- communications technology and
amd hroad- 2,000 ary oehit 111 1996 | sophisticated smellive-broadcasting
casting iechrobogy in the communications and
Engineering (e hroadeasiing areas, mulii-lrequency
=atellite bandwidih integration technology and
efficiency-increasing technology of large-
scale stationary satellites will be devel-
oped, experimented with and
demaonst rated.
JTEM
Japanese Undbecid 1.5 * Experimentation in materials tesfing, the
cxpenimental -ed - 4H) Spuce 1998 | life sciences, general science, earth
module Shuile observation and communicalions
(mtachable) for
Spnce Sialion
Project

currently under development are the followings.

1)
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The earth resources satellite ERS-1 intends
to further establish active observation
technology and perform observations for
natural resource surveying, national land
surveys and surveys for the management of

2)

agriculture, forestry and fishery resources.
The advanced earth observing satellite
ADEOS intends to monitor global
environmental changes and to further
promote international cooperation in the
field of earth observation.
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(3) Communications and Broadcasting

Regarding The Sakura series of communi-
cations satellites, CS-3a (Sakura 3a) and CS-3b
(Sakura 3b) are currently operational.

The first broadcasting satellites were The
Yuri series, of which BS2b (Ywsi 2b) is
currently operational. This series is being taken
over by the 3 series of broadcasting satellites, of
which the BS-3a ( Y7 3a) broadeasting satellite
was launched on August 28, 1990. Other
satellites currently under development are the
followings.

1)  Broadeasting satellite BS-3b is scheduled for
launch in FY1991.

2) The development of the communications
and broadcasting engineering test satellite
(COMETS) is proceeding with the purpose
to develop, experiment with, and demon-
strate advanced mobile satellite communi-
cations technology, intersatellite com-
munications technology, high-performance
satellite broadecasting technology and other
new technologies in the communications
and broadcasting area as well as multiple
frequency-band integration technology and
technology for higher-performance large-
scale geostationary satellites,

@) General Satellite Technology

The Kiku series of engineering test satellites
are used to test common technologies of variety
types of satellites. The engineering test satellite
ETS-V (Kikw 5), designed to test mobile
communications technology, is currently in
operation. ETS-VI is under development: it will
be used for further R&D issues of large scale
three-axis stabilized geostationary satellite bus
technology, and also for development and testing
of advanced technologies for fixed and mobile
communications and intersatellite communi-
cations.

12) Launch Vehicles

~ For launching scientific satellites, the M (mu)
series rockets have been developed, succeeding
the L (lambda) series rockets. M series launch

vehicles use solid propellents, for all stages.
Currently the M-3SII is being used. However,
development of the three-stage M-V launch
vehicle, with enlargement of each stage and a
simpler configuration, is underway to meet the
requirements of scientific observation missions
after the 1990s.

Regarding launch vehicles for geostationary
satellites, afler development of N series rockets,
H series rockets are under deveiﬂpment and in
use. The three-stage H-I1 launch vehicle, which
can launch a 550 ]-:g pa}'load into geostationary
orbit, is currently in use. Its second stage engine
uses a liquid-hydrogen/oxygen propellant. The
H-IT launch vehicle is a large two-stage vehicle
being developed to launch
geostationary satellites to meet the satellite
demand of the 1990s. This launch vehicle uses
liquid-hydrogen/oxygen engines in both stages.
The first test launch of the H-II is planned for
FY1992 (Table 3-3-4).

two-ton class

(3) Space Utilization and

Activities

(D First material processing test ( Fravatto '92)
Fuwatlo '92 is a seven-day manned
mission scheduled for FY 1992 in which
a Japanese scientist will conduct material

space

environment aboard the U.S. Space

Shuttle. This mission will provide an

Manned Space

science  experiments in  the

important  opportunity  to  acquire
technology needed for manned space
flights.

), Space Station Project
The Space Station
multilateral program involving Japan,
the United States, some European
countries and Canada, with the gﬂal of
constructing a manned space station in a
low (approx. 400 km) earth orbit. The

establish  the

infrastructure for utilizing the space
environment and for furthering manned
space activities.

Project is a

gpace  station  w ill
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Table 3-3-4. Main specifications of vehicles used to launch satellites

Launch Overall | Diameter Giross
vehicle type | Stages | length {m) wei ght Propellant
(m) (1ons)
M-3511 3 218 141 62.0 | Solid for all stages
M-¥ 3 About 30| About 25 | About | Solid for all stages
128
2 35.4 244 133.4 | Ist and 2nd siages, liquid; SOB, solid
-
3 5.4 244 134.7 | 1st and 2nd stages, liquid; 3rd stage and SOB, solid
1st stage, liquid; 2nd stage, liquid oxygen/hydrogen; SOB,
2 40.3 244 1387 | solid
HA Lst stage, liquid; 2nd stage, liquid oxygenhydrogen;3nd
stage and SOB, solid
3 403 244 139.2
Ist and 2nd stages, liquid oxygen/hydrogen; SRB, salid
H-Il 2 About 50| About 4 About
204

Japan will be participating in the project

through the .Inpamrs:tr-rlm'ﬁ]u}md JEM,

(Japanese Experimental Module), and

Japanese astronauts will remain on board

for a long period. In September 1989,

Japan deposited the Inter Governmental

Agreement that defines the program’s

framework has just started

participating in the activities of the

development phase.

(@) Others

Japan is committed to a number of other

activities aimed at utilizing the space

environment the

technology for manned space activities.

These include the following.

1) Development of the SFU (space flyer
unit)
The SFU is reusable vehicle that will
fly in a low earth orbit for several
months at a time, followed by reentry
and recovery. The SFU will ensure that
Japan maintains an opportunity for
space experiments.
2) Japanese participation in First and

Second International I;"-’Iicmgravit}r

ani

and at aequiring
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Laboratories (IML-1 and IML-2) that
will be performed on board the U.S.
space shuttles.

Work carried out under these projects
will enable Japan to accumulate the
technology required for the Space
Station Project and to acquire
technologies for space utilization and
manned space activities.

(4) Fundamental and Advanced Research on
Satellite and Launch Vehicle Technology

The National Aerospace Laboratory and
research institutes of related ministries and
agencies are conducting fundamental research
on launch vehicle and satellite technology. The
laboratories and research institutes also are
working in a number of advanced research areas,
including an H-ll orbiting plane (HOPE), an
unmanned winged reusable space vehicle which
can be used to transport cargo to the Space
Station and a manned space-plane.

3.3.1.1.5.2. Aeronautical Technology
R&D in  aeronautical technology  is

Science and Technology Agency
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knowledge-intensive and makes use of
state-of-the-art technologies from a wide range of
disciplines. As a result, developments in this
field can promote advancements over a wide
range of downstream technologies, in addition
to the basic goal of improving the equipment and
infrastructure for air transportation.

Given its technologically strategic nature,
extensive R&D in aeronauties is eritical to the
overall promotion of science and technology and
to the development of a technologically-oriented
society.

The current state of the nation’s aeronautical
technology is the direct result of knowledge
acquired through R&D on the Japanese-
developed YS-11 commercial transport airplane,
the international joint development of the
Boeing 767 passenger jet and other aircraft. This
technology is now at the stage where Japanese
private sector corporations are participating or
intending to participate in a number of domestic
and international aircraft development projects,
some of which are listed below,

* The design and manufacture of the 350-seat
twin-engine Boeing 777 passenger jet

The design and manufacture of the 150-seat

YXX passenger aircraft

* Investigation of the development of a
next-generation commercial
transport airplane

* Development of the V2500 jet engine with
aeroengine companies in the United States,
the United Kingdom, Germany and ltaly

To promote actively the development of
aircraft and their engines, it.is necessary to
enhance futuristic technological levels. To this
end, the government is formulating measures
designed to encourage R&D in this field in
accordance with recommendations contained in
reports prepared by the Council for Aeronautics,
Electronics and Other Advanced Technologies.

In its Recommendation pursuant to Inquiry
No. 8, Important Issues and Practical
FPromotional Measures for R&D  on
Energy-Efficient Aircrafl, submitted in August

supersonic

1986, the Council made a number of proposals
to the government regarding R&D on innovative
aeronautical technologies aiming at the 2lst
century. In March 1991 the Council made its
final report on The Examination of Practical
Plans for R&D of Fan-Jet STOL Aircraft
(Inquiry Ne.l).

Within this framework, the Science and
Technology  Agency’s Aerospace
Laboratory is promoting aeronautic R&D with
the goal of establishing the technologies required
for such futuristic aeronautics R&D. Since
FY 1987, the Laboratory has encouraged research
on aerodynamics technology, the technology of
new composite material structures, flight control
technology, propulsion technology and other
state-of-the-art  aeromautical  transportation
technologies that will be required for future
aircraft such as hypersonic transport planes,
space planes and highly efficient, large payload
transport airplanes.

The Laboratory also is furthering R&D on
short take-off and land (STOL) aircraft powered
by fanjet engines, focussing on the development
of computer practical
application of test flight data using the test plane
Asuka.

The Laboratory is encouraging research on
basic
simulations and also is setting up test facilities
for composite material structures, wind tunnels
and other test and research facilities which are
appropriate aeronautics R&D

Mational

databases for the

technologies  such as  numerical

available to
organizations.
In addition to the Science and Technology
Agency, a number of other ministries also are
engaged in aeronautical R&D.
The Ministry of Transport's
Navigation Research Institute iz conducting
R&D on navigation and airtraffic control
systems to improve air safety. Findings from this
research will ensure steady development of the

Electronic

air transportation system.
The Ministry of International Trade and
Industry is furthering R&D of propulsion
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systems for future high-reliability supersonic
transport planes capable of operating at low air
speeds through Mach 5. European and American
engine manufacturers are participating in this

R&D.

3.3.1.1.6. Ocean Science and Technology

Varied marine life, untapped mineral
resources, large scale and abundant energy
sources make ocean development a promising
area.

Because the ocean plays an important role in
global change and the erustal dynamics of the
earth grﬂﬂ”}' influence earthquake and volcanos,
it is urgent that mechanisms in and around the
ocean be elucidated.

Under these circumstances, plans for ocean
research and establishment of global-scale ocean
nhsf.'rring systems are being promoted in the
1990s,

Promotion of ocean science and technology is
development  and
clarifying various ocean phenomena which are
not yet well known.

indispensable for ocean

3.3.1.1.6.1. Basic Guidelines for the Promotion
of Ocean Science and Technology

The Council for Ocean Development is an
advisory committee to the Prime Minister which
decides basic and general concepts related to
ocean development. The Council's Recom-
mendation pursuant to the Prime Minister's
Inquiry on_ Basic Concepts and Promotional
Guidelines for Long-term Ocean Devel-
apment, submitted in May 1990, identifies the
following  basic principles guiding  the
advancement of ocean science and technology.

* The promotion of oceanographic studies and
development  of technologies for the
elucidation of global change and ocean
phenomena,

* The promotion of science and technology
which is useful for overcoming severe oceanic
conditions and for creating new ways of acean
development
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Related government ministries and agencies
are engaged in promoting R&D in ocean science
and  technology under their respective
jurisdictions in accordance with the guidelines
of the Council’s recommendation. Further, the
various ministries and agencies coordinate
closely to ensure comprehensive promotion by
following the Promotion Program for Ocean
Development compiled annually by the Liaison
Council  for  Ocean  Development-related
Ministries and Agencies.

3.3.1.1.6.2. Promoting R&D in Ocean Science
and Technology

For bolstering ocean science and technology,
the Science and Technology Agency is
promoting pioneering and fundamental R&D,
mainly by the Japan Marine Science and
Technology Center (JAMSTEC) and also by
comprehensive projects with the cooperation of
ministries and agencies concerned.

JAMSTEC is developing submersible vessels
to provide information in areas related to
exploration of the ocean floor, prediction of
seismic actjvity, studies on deep-sea micro-
organisms, and so on. In 1990, JAMSTEC
promoted deep-sea investigations and research
activities with the manned research submersible
SHINKAI 2000 and the unmanned explorer
DOLFPHIN 3K, made experimental dives of the
SHINKAI 6500, and began development of an
unmanned explorer which can dive to 10,000m.

In ocean observations for clarifying ocean
phenomena, JAMSTEC conducted R&D using
shipboard ocean lidar technology to assess the
distribution of plankton in the ocean surface
layer and using ocean acoustic tomography
technology for three-dimensional observations of
ocean temperature, current field and water
density over a 1,000 square km area.

Furthermore, JAMSTEC is carrying out the
following programs to contribute to the
development and exploitation of offshore areas:
the New Seatopia Program to establish saturation
diving techniques to a depth of 300 m for

Science and Technology Agency
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Table 3-3-5. Major research subjects in marine science and technology (in FY1991)

Ministry or | Research institute or program Subject
agency
* lapanese ocean circulation experiment
* Special Coordination Funds | * Research on rift systems in the South Pacific
for Promating Science and * Japanese Pacific climate study (JAPACS)
Technology
Science and * Research and Development | * Kueroshio exploitation and wtilization research
Technology | Bureau
Agency
* R&D of a deep-s¢a rescarch submersible
* Japan Marine Science and | * Research on marine observation and R&D of observation technology
Technology Center * Research and investigations into comprehensive observation of the
Morih Pacific Ocean amd Arctic sca areas
* Research funding to the
national research institute * Research concerning nitrogen cycle of deposits in inland bays
engaged in environmental
Environment | pollution research
Agency .
* Water Maintenance Bureau | * Survey 1o study measures 1o cope with nuirients such as nitrates and
phosphates
* National Institute for * Studies 1 evaluate the impact of eutrophication on biological life in
Environmental Studies naturally sheltered coastal bays
Mational Land * Surveys for the Promation of the fisheries in the Amami Islands
Agency
Ministry of * Mational universities and * Ocean Drilling Program (ODP)
Education other research institutions * Cooperative study of the Western Pacific (WESTPAC)
* R&D of the fish breeding indusiry
Ministry of * Fisheries Agency * R&D of new fisheries technologies
Agriculture, * Construction of large-scile high-tech research vessel
Forestry and
Fisheries * Japan Marine Fisheries * Surveys for the development of unexploited deep-sea fishery
Resource Research Center TESOUIees
* Metal mining Agency of * Surveys for the development of deep-sea bottom mineral resources
Japan
* National Research Institute | * R&D into underwater manganese nodule mining systems
Minisiry of for Pollution and Resources
.IF:::T;:‘?EI * Jupan National Oil * Survey for the R&D of early production tlesting system
Industry Corporation
* Mew Energy and Industrial | * R&D of a seabed oil production system
Technology Development * Morth Pacific carbon cycle study (NOPACCS)
Organization
* Geological Survey of Japan | * Marine geological study of continental shelves in the castern margin
of the ceniral Japan Sea
Ministry of | * Maritime Technology and | * Survey and rescarch into small- and medium-sized icebreakers
Transport Safety Bureau
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Bureau

(Tab.3-3-5)
Ministry or | Research institule or program Subject
a.gt!'h::f
Ministry of = Pors and Harbors Bureau | * Development of technology 1o construct ocean struclures
Transport * District Port Construction

Marine Safety Agency,
Marine Safety Research
Center

* Administrative Department, | * Research into estimating the time taken by liquid pollutants to
degrade in sea water

* Hydrographic Depariment,
Marinc Safety Agency

*® WESTPAC

= Melcorological Research
Institute, Meteorological

* Research of oceanic variations through models of ocean circulation

Agency
Ministey of * Communications Rescarch
Posts and Laboratory
Telecommuni-
cations

* R&D of ocean observing aircraft and satellite technelogy

Ministry of * River Burcau

* Promotion resesrch of artificial barrier projects

Construction
* CGeographical Survey

Institute

* Hasie research of coastal sea arcas

undersea operations; and collaborative projects
with local governments to promote the effective
utilization of offshore areas at regional and local
levels by taking into account the characteristics
of each area,

The Science and Technology Agency also
organizes joint R&D projects among several
related ministries and agencies. These joint R&D
projects include the Japan-China joint research
program on the Kuroshio to survey the
meandering flow of the Kuroshio and its effect
on weather and fishing around Japan and East
Asia; by allocation of the Special Coordination
Funds for Promoting Science and Technu]n:-g_y.
research concerning atmospheric-oceanic varia-
tions and meteorological variations in the Pacific
Ocean, research concerning the elucidation of
the ocean’s general circulation and concerning
a comprehensive observation system, and
research concerning the elucidation of oceanic
plate formation areas (rift system) in the South
Pacific Ocean.

The Ministry of Education is condueting
ocean-related academic research mainly through
the Ocean Research Institute of the University

192

of Tokyo. Programs include research of ocean
flux contributing to the clarification of carbon
cycles in the ocean, participation in the
international deep-sea drilling program (ODP) to
collect ocean crust, and the cooperative study of
the West Pacific Ocean (WESTPAC).

The Ministry of Agriculture, Forestry and
Fisheries, through the Fisheries Ageney, is
conducting R&D for the promotion of the fish
hatchery and fish farming industries.

The Ministry of International Trade and
Industry, through the Agency of Natural
Resources and Energy and the Geologieal Survey
of Japan, is developing ocean floor ore resources
and carrying out geological surveys on the
seabed.

The Ministry of Transport is conducting
oceanographic observations for hydrographic
services through the Maritime Safety Agency
and meteorological observations at sea for
meteorological through  the
Meteorological Agency.

The Ministry of Construction will conduct a
survey promoting artificial barrier operations
and the development of ereation and preservation

operations

Science and Technology Agency
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technology of ocean space for coastline
operations. Its Geographical Survey Institute is
conducting basic surveys of coastal sea areas, ete.
Table R&D
subjects undertaken by the various government
ministries and agencies during FY1991.

3-3-5 summarizes the main

3.3.1.1.7. Earth Science and Technology

3.3.11.7.1. R&D and Related Measures for
Understanding Global Phenomena

Sophistication of remote sensing capabilities
by satellites, construction of deep-sea submer-
sible survey vessels and similar advances in
science and technology have made us aware of
naturally oceurring global phenomena, such as
global warming, depletion of the ozone layer,
irregular weather patterns, volcanic and seismic
activity and so on. Given that the occurrence of
any of these phenomena can have wide-ranging
repercussions on mankind, it has become
increasingly  important  to
mechanisms causing these global phenomena.

The prospect of global warming, caused
principally by the release of an excess of carbon
dioxide into the atmosphere, poses a grave threat
to socioeconomic activity on a worldwide scale.
Since, however, carbon dioxide is inseparably
associated with countless human activities,
previously applied solutions — such as the mere
restriction of specific substances — are not
feasible and wider approaches are needed.

It is natural to promote immediately feasible
measures for controlling global warming. Since,
however, there remain some global warming
problems not yet clarified scientifically at
present, it is essential to compile more scientific
knowledge so that countermeasures always may
be implemented at an appropriate scale. This
issue is being discussed in various international
meetings including the Intergovernmental Panel

- on Climate Change (IPCC), and negotiations on
the climate change treaty have begun to deal with
countermeasures. Japan as a country with
advanced science and technology is required to

clarify the

challenge this issue actively and make
contributions at an international level.

In Japan, based on the recommendation
submitted by the CST, the Prime Minister
approved The Basic Plan for Research and
Development on  Earth Science and
Technology in  August 1990. This plan
establishes the priorities  for the
promotion of R&D in this field over a ten-year
period. It also identifies important R&D issues
and indicates the government's role and
responsibilities in this area. Another policy
statement., The National Program for Global
Environmental Research, FY1991, was adopted
at the Council of Ministers for Global
Environmental Conservation in June 199].

Since pruhlen:s such as global warming and

various

crustal movement are lﬂ-ng term and are not
confined to a country, it is of crucial importance
to maintain a sense of global partnership and
cooperation in R&D in earth science and
technology. :";{:t:nrdingl}', it is important that
Japan play an active role in the World Climate
Research Frogram (WCRP), the International
Geosphere-Biosphere Program (IGBP) and other
joint research programs and expand joint
research projects with research institutions
abroad.

Table 3-3-6 summarizes the major research and
development subjects in the area of earth science
and technology that are currently promoted by
related ministries and agencies.
3.311.7.2. R&D on Earth Observation
Technology

R&D on earth observation technology is
important  to  accumulate the information
necessary o various  global
phenomena. Japan's two major thrusts in this
area are the R&D on
technology. including the R&D on earth
observation satellites, and the B&LD) on marine
observation technology such as the development
of deep-sea survey vessels.

understand

earth observalion
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Table 3-3.6. Major research subjects in earth science and technology (in FY1991)

Ministry or Research institutes, ete. Subject
agency
* Special Coordination Funds for Promoting | * Japanese ocean circulation experiment (JOCEX)
Science and Technology * Japanese experimental study in the Arclic Anea
Science and | * Funds for the Promotion of Surveys and | * An observational study of cloud effects for global
Technology Research in Earth Science and Technologies | warming
Agency and Ocean Development
* Mational Research Institute for Earth * A siudy of disaster predictions in global hydrological
Science and Disaster Prevention processes
* Research concerning effecis of global warming on
snciely and economy
* Research concerning elucidation of ozone-layer
Environment [ * Funds for the Overall Promotion of destruction mechanisms
Agency Environmental Research * Structural analysis of ecosystem in tropical forests
* Research concerning elucidation of dynamics of acidic
rain in East Asia
* Research concerning inlet of marine pollutant
subsiances inlo marine ecosystem
* General research and observation into the science of the
polar regions
* Academic research into earthquake and volcanic
Ministry of eruplion prediction sysiems
Education [ * National Research Institute for Polar * Academic research into the physical operation of very
Regions, Universities, eic. high altitude atmospheric and meteoralogical changes
* Academic résearch concerning plate tectonics and
materials movement and variations within the earth
* Academic research concerning elucidation of processes
of physical, chemical and biological interactions
controlling entire-global systems
* Research to develop technology to dynamically
Minisiry of elucidate and predict the effect of changes to agricultural,
Agriculture, | * Research institutes of the Minisiry of forestry and fishery life forms as the resull of
Forestry Agricullure, Forestry and Fisheries environmental change
and * Development of technology to observe and evaluate
Fisheries agriculural, forestry and fishery resources using remote
sensing lechnigues
* Geological, geochemical and geophysical research of
aciive volcanos
Minisiry of | * Geological Survey of Japan * Marine-geological research concerning sea areas
Internation- surrounding the continental shelf in the eastern edge of
al ;fr-'ﬁlﬁ the central Japan Sea and other subjects
an
Industry * R&D on global environment technologies, | * Rescarch on CO, fixation technology by artificial
cle. photosynthesis and on other subjects
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Ministry or Research institutes, elc, Subject
agency

* General ocean surveys of sea aréas under agency
supervision, oceanographic surveys using earlh
observation satellites, surveys of ocean floor contours and
sublerranean structures for earthquake and volcanic

* Hydrographic Depariment, Marine Safety | eruption prediction, surveys of water lemperature, currents

Agency and waves in the Western Pacific Ocean as part of the
agency’s sea lane supervisory activities
Ministry of * Esiablishment of the Japan Ocean Data Cenier.
Transport Collection, supervision and supply of information on

water lemperature and the role of currents in ocean water
circulation, and materials involved in ocean floor
contours, geology and earth-related physics

* Research concerning elucidation and prediction of
mechanisms of meteorological variations including
research concerning upgrading of global warming
prediction technology

* Research on atmospheéric and oceanic vanations through
meieorological satellites

* Meteorological Research Institute, * Research of models 1w forecast movement of typhoons
Meteorological Agency * Research concerning basic physical processes of
meteorological phenomena incleding dynamic and
numerical research of medium- and small-scale
phenomena

* Research concerning earthgquakes and volcanos
including comprehensive research concerning actual use
of prediction of straight-down-type carthquakes

* Research concerning meteorological hydrologic and
geological phenomena and other subjects

* R&D of a space weather forecast system
* Research concerning binary fréquéncy Doppléer radar for
observation of rinfall from space

Ministry of * Research concerning measurement technology of the
Posts and | * Communications Research Laboratory global environment by means of short-wave length
Telecommu- electro-magnetic waves in mill-wave bandwidths
nicaticns. * R&D concerning measurement technology of the global

environment with optical sphere aclive sensors
* R&D concerning measurement and information
networks of the global environment

* Research into and observanon of tectonic plate

* Geographical Survey Institute movement using VLBI
Ministry of * Research into and observation of eanth crust movement
Construc- 25 a means of earthquake prediction
tion : : -

* Public Works Research Institete * Research concerning comprehensive preservation

technology of national land to cope with global warming
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i1) Earth Observation Satellites

Satellites are extremely effective observation
tools capable of continuous surveillance over
wide areas.

The National Space Development Agency of
Japan (NASDA) is operating earth observation
satellites including the Marine Observation
Satellite-1 (MOS-1} and MOS-1b, and is
developing the Earth Resources Satellite (ERS-1)
and the Advanced Earth Observing Satellite
(ADEOS), in cooperation with
organizations.

The Ministry of International Trade and
Industry is promoting the development of an
advanced sensor for resources exploration which
15 to be loaded on the first Polar Orhit Platform
of the National Aeronautics and Space
Administration (NASA).

NASDA and the
Telecommunications are promoting R&D on the
Tropical Rainfall Measuring Satellite.
observation
processing techniques of the global environment
by using satellites, the Science and Technology
Agency, in cooperation with related organiza-
tions, is encouraging R&D in remote-sensing

related

Ministry of Posts and

For u:-;lahli.qhing and data

Eﬂl:h“l'-"]-ﬂj...'_'y' of IE'I.'.’! cn \"iI"[]]'!II'IHﬂL

The Ministry of Education is systematically
promoting The Understanding the Global
Environment by Satellites Project with science
research subsidies.

The Science and Technology Agency
currently is consolidating its databases in
preparation for the international networking of
information that will allow the effective use of
the above-mentioned data obtained from satellite
observations.

(2) Marine Observation Technology
Elucidation of the relationships between the
oceans and the occurrence of natural phenomena
is an important issue in our understanding of
zlobal change.
To further knowledge in this area, the Japan
Marine Science and Technology Center is
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promoting several areas of R&D, including the
use of the SHINKAI 6500 deep-sea submersible
survey vessel and R&D on ocean acoustic
tomography.

3.311.7.3. Science and Technology for
Disaster Prevention

Japan is located at the boundary where the
Asian continent meets the Pacific Ocean. The
nation and comprises an arc-shaped archipelago
lying within a zone of mountain ranges that
circle the Pacific. The country’s land mass is
continuously subjected to crustal movements.
The country’s have mountainous
topography with many steep slopes, cascading
rivers, and few plains. The climate ranges from
subtropical to subarctic. Offshore there are both
hot and cold ocean currents, such as the Japan
or Black Current and the Kuril Current. The
changes in seasons are dramatic due to the
influence of the Ogasawara air mass in summer,
the Siberian air mass in winter, and the Okhotsk
air mass during the rainy season. Typhoons
spawned in the Western Pacific frequently pass
nearby or cross over the islands.

As a result of this geography, the country has
experienced almost every possible form of
natural disaster caused by air, earth and
water-earthquakes, voleanic eruptions, gale-
force winds, heavy localized rainfall, floods, high
tides and tidal waves.

With this historical background, it is
important to gather and fully utilize scientific
knowledge on  disaster-causing  natural
phenomena over the entire disaster cycle, from
the initial prediction and forecast, through the
prediction of an imminent disaster, to its
prevention or minimization.

These considerations led the Prime Minister
to approve The Basic Plan for R&D on Disaster
Prevention in July 1981. The Basic Plan
outlines the following four areas for priority
disaster-prevention research and the develop-
ment and implementation of countermeasures.
* Establishment of an adequate foundation for

islands
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Table 3-3-7. Major research subjects in disaster prevention science and technology (in FY1991)

Ministry or agency

Research institutes, eic.

Subject

Hokkaido Development
Agency

Civil Engineéring Research
Institute, Hokkaido
Development Bureau

* Stdies on flood prevention, studies on how 1o
prevent road accidents resulting from blizeards and
sleet, elc,

Science and Technology
Agency

Mational Research Instiute
for Eanh Science and
Disaster Prevention

® Research on erustal activities in the Kanto-Tokai
aréa

* Study on. prediction techniques for earthquake
disasiers

* Research on natural science and technology of
snow disaster prevention in inhabited areas

* Research on prediction of volcanic eruption

* Research on mechanisms and damage assessment
of meteorological disasters

* Rescarch on mechanisms and impacts of climate
change caused by global warming

® A study of disaster predictions in global
hydrological processes and other projects

Environment Agency

Mational Institute for
Environmental Studies

* Investigations into proper metheds of drawing out
groundwater while preventing land subsidence and
other projects

Ministry of Education

Universities, eic.

* Studies on natural disasters

* Basic earthquake prediction research

* Basic research into earthquake damage
countermeasures and other projects

Ministry of Agriculture,
Forestry and Fisheries

Forestry and Forest Products
Research Institute, elc,

* Swudies on methods of preventing crop and tree
damage and other projects

Ministry of International Trade

Mational Research Institute
for Pollution and Resources

* Research on mine safety technology (countermea-
sures against fires, and evacuation sysiems)
* Research on corrosion of apertures in high-pressure

and Indusiry gas equipment and other projects
Geological Survey of Japan | * Restarch into the mechanisms and locations of
earthquake occurrences, eIc.
Railway Technical Research | * Development of earthquake disaster prevention and
Institute FECOVEY SUpPONT Systems
Hydrographic Depariment, * Surveys of submaring topography and geological
Ministry of Transport Marilime Safety Agency structure
' * A study on prediction destructive intraplate
Meteorological Research earthguakes
Institute, Meteorological * Research concerning models of expected courses of
Agency (yphoons
* Studies of weather, land and water phenomena, and
cic.
Ministry of Posts and Communications Research * R&D of high precision technology measuring time
Telecommunications Laboratory and space with cosmic radio waves
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Japan
(Tab.3-3-7)

Ministry or agency Rescarch institules, ele,

Subject

Research [nstitute of
Indusirial Safety
Ministry of Labor

* Research into technology to prevent explosions and
fire damage caused by new materials

* Research on prevention of landslide disasters in
drain excavation works and other projects

Geographical Survey Institute | * Research on earthquake and volcanic eruption

* Geodetic survey of crusial movements, elc.

prediction, etc.

Ministry of Construction T .
Building Research Institute,

Public Works Hesearch

* Development of a disaster information system
* Research on sediment disaster and river disasters,

Institute, ete. elc. and other projects
* Research on countermeasures for large earthquakes
Ministry of Home Affairs Fir¢ Research Instilute, Fire | and fires
Defence Agency * Generil résearch on fire disasters

basic  disaster-prevention  science  and
technology, including elucidation of the
disaster cyele, observation and research for the
mechanism of natural phenomena which
cause disasters, and measures to prevent or
minimize their effects.

Promotion of R&D projects for disaster
prevention taking account of area-dependency
of disasters such as heavy snowfall and

-

volcanic eruptions.

R&D to expand the capabilities of existing
tech Im]ugicﬁ applied in earthquake, fire and
flood protection and to provide comprehensive
and effective disaster-prevention measures for
urban areas from a people-centered standpoint
by considering cities as a single system.
General promotion of research for disaster
prevention with a wide range of disciplines,
including interdisciplinary research, making
use of the knowledge of social and behavioral
sclences,

In The Basic Plan for Research and
Development on Earth Science and Tech-
nology decided by the Prime Minister in August
1990, the significance of R&D on earth science
and technology and the necessity of clarification
of environmental variations at a global scale are
recommended. R&D of disaster prevention
technologies is being conducted also in
accordance with these recommendations.

198 .

Table 3-3-7 summarizes the R&D subjects in
science and technology for disaster prevention
by ministries and agencies. Research classifica-
tions include earthquake prediction, counter-
measures for earthquakes, voleanic eruption
prediction, snow- and ice-related  disaster
countermeasures, wind and water disaster
countermeasures and earth science and
technology. The research makes use of
knowledge from all fields in earth science and
technology, space science and technology, ocean
science and technology and others.

The Headquarters for Earthquake Prediction,
headed by the Minister of State for Science and
Technology, conduct seismic studies for use in
predicting  earthquakes and implements
comprehensive, planned measures in response to
impending quakes.

At the worldwide level, the Inpﬂ.n
International Cooperation Association (JICA)
furthers international cooperation by bringing
researchers from developing countries to study
or train at Japanese research organizations. In
FY1990, JICA conducted seminars on disaster-
prevention technology applicable to flood and
erosion control engineering, and earthquake
countermeasures. Training programs were held
in  earthquake engineering, volcanology,
volcanic sabo engineering, and meteorology.

Other international cooperation includes

Science and Technology Agency
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bilateral programs and The U.S.-Japan
Committee on the Use of Natural Resources
(UINR), the United Nations Ecomnomic and
Soctal Committee for the Asia-Pacific Region
(ESCAP) and the World Meteorological
Organization (WMO) Typhoon Committee, In
addition, the 1990s have been declared as the
International Decade for Natural
Reduction (IDNDR) to encourage international
cooperation in reducing human and monetary
losses caused by natural disasters. In May 1989,
The IDNDR Promotion Headquarters was
established under the directorship of the Prime
Minister, and the basic guidelines for its
operation were formulated in November of the
same year. In this context, an international
seminar  on
prevention of earthquake disasters was held in

March, 1991.

Dizaster

earthquake  prediction and

3.31.2. Encouraging Sciences and
Technologies for Activating the Economy

The General Guideline for Science and
Technology Policy identifies R&D in a number
of seientific and technological fields as important
stimuli for maintaining steady economic growth.
The Guideline cites the promotional objectives
listed below, stating that these are able to sustain
and develop the health of the nation’s economy
based on domestic demand in the context of a
resurging world economy.

* Development and management of natural
resources

* Development and utilization of energy

« Upgrading of production technologies and
distribution systems

* Recycling and  effective
TesOurces

* Improvement of service to society and life

Since Japan is limited in natural resources, the
Guideline emphasizes the need to build a
foundation for continued economic growth by
encouraging the promotion of technologies that
can be used for the development and effective

utilization of

utilization of resources and energy.

3.3.1.2.1. Development and Management of
Natural Resources

The Ministry of International Trade and
Industry is encouraging R&D of a deep-sea
mining system for manganese nodules under its
R&D Program for Large-scale Industrial
Technology. Manganese nodules are rich in
nickel, copper, cobalt. manganese and other
important metals and are present in abundance
on the ocean floor.

The Ministry of Agriculture, Forestry and
Fisheries is encouraging research as part of its
R&D program in advanced biotechnology. This
includes projects to elucidate base sequences of
plant DNA and to analyze animal genetic
systems.

3.3.1.2.2. Development and Utilization of
Nuclear and Non-nuclear Energy

Overall R&D promotion in energy-related
fields requires careful prioritization, planning
and. execution because of the broad range of
involved and the
substantial, long-term monetary and personnel
investments required. For these reasons, the

scientific  disciplines

government has assumed the responsibility to
coordinate R&D in energy-related fields,

In August 1978, The Basic Plan for R&D on
Energy was established. Since then, the plan has
been steadily promoted. In June 1991, by taking
into consideration the changes in conditions of
energy in  recent inclu:’fing gi{}h:ll
environmental problems, the CST presented The
Recommendation concerning the Basic Plan
for R&D on Energy to the Prime Minister,
requesting a substantial revision of the current
plan. Based on this
government set down the new Basic Plan for

R&D on Energy in July 1991.

years

basic opinion, the

3.3.1.2.21. Development and Utilization of
Nuclear Energy
Nuclear energy facilities are capable of
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providing a steady supply of low-cost electricity
without discharging harmful gases, such as
carbon dioxide or nitrogen oxides, into the
atmosphere. For this reason, the government is
committed to promoting on-going R&D to
strengthen the nation’s energy infrastructure by
making nuclear energy a primary source of
supply.

In June 1987, the Long-term Program for
Development and Utilization of Nuclear Energy
was formulated by the Atomic
Commission. This currently guides the overall
planning and promotion of nuclear energy in
Japan.

Energy

(1) Measures for Assuring Nuclear Safety and.

Nuclear Non-proliferation

In Japan from the beginning, the development
and commercialization of nuclear energy have
been conducted with priority to safety and the
containment of radioactive materials.

To assure nuclear safety, stringent regulation
is conducted by the government that is not
observed in other industrial areas. The regul-
ation includes the environmental radiation
monitoring, emergency measures for accidents,
ete,

To ensure even higher safety, the Nuclear
Safety establishes an Annual
Nuclear Safety Research Program and evaluates

Commission

research results to promote safety research
comprehensively and systematically.

In accordance with the Annual Nuclear Safety
Research FProgram established in 1990, (three
annual safety research plans dealing with nuclear
energy facilities, environmental radiaa::twit:,r.,
and high-level radioactive wastes established in
1990, and the annual safety research plan for
low-level radioactive wastes established in 1989),
the following nuclear safety research activities
are being promoted.

The Japan Atomic Energy Research Institute
(JAERI) is the principal body conducting
research into safety in light-water reactor
facilities. Of particular concern are possible

200 ;

reactivity accidents and loss of coolant accidents
(LOCA).

The Power Reactor and Nuclear Fuel
Development Corporation (PNC) and JAERI are
responsible for research in all areas of safety for
advanced thermal reactors and fast breeder
reactors, as well as for nuclear fuel facilities and
radicactive treatment and disposal repositories.

The national research institutes are
researching the safety of transportation of
radioactive materials and seismic safety of
nuclear energy facilities,

Both JAERI and PNC conduct research on
methods for probablistic assessment of safety and
reliability of nuclear power facilities.

The National [Institute of Radiological
Sciences (NIRS) and other organizations are
conducting research on effects of low dose-rate
radiation on people, evaluation of the degree of
damage through exposure to internal radiation
sources by taking into account the peculiarity of
the exposure type, and the behavior of
radioactive substances in the environment.

In accordance with the Afomic Energy Basic
Law, Japan’s activities in this area are limited
for peaceful purposes only and are promoted on
the premise of non-proliferation. Accordingly,
Japan has accepted the safeguards measures of
the International Atomic Energy Agency (IAEA)
based on the Nuclear Weapons Non-Proliferation
Treaty. Japan implements its national
safeguards, and conducts R&D on safeguards
technology.

(2) Current State of Nuclear Power Generation

As of July 1991, there were 40 commercial
nuclear power plants in operation, with a total
output capacity of 32.06 gigawatts. In FY1990,
an estimated 26.3% of the nation’s electrical
power was supplied by these facilities.

Almost all commercial nuclear power in Japan
is currently generated using light-water reactors.
Here, government organizations, electric utility
companies, manufacturers of atomic power
generation equipment and other concerned
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organizations have cooperated to develop
innovative technology that increases the level of
reactor reliability, minimizes downtime and
reduces employee exposure to radiation.

Since FY1981, JAERI has conducted R&D on
technology for decommissioning nuclear
reactors using the Japan Power Demonstration
Reactor (JPDR) as a test case. The actual
dismantling of the JPDR began in FY1986 and
removal of radiation shields began in February
1991.

The Nuclear Power Engineering Center also
has been conducting tests to wverify reactor
decommissioning technology since FY1982.

(3) Establishment of a Nuclear Fuel Cycle

In order to promote nuclear power generation
continuously and smoothly, establishment of a
nuclear fuel eycle aiming at stable fuel supplies
and optimal utilization of uranium resources is
an important policy issue.

PNC is actively promoting R&D of gas
centrifuge uranium enrichment technology
which can be used to provide a stable supply of
enriched uranium for the nation’s power
reactors. Currently a commercial uranium
enrichment plant, which will use technology
successfully demonstrated in tests at PNC, is
under construction at Rokkasho-mura in Aomori
Prefecture. R&D also has begun into new
technologies including laser isotope separation
that make wuranium enrichment
economical.

It is the government’s policy to reprocess spent
fuel in order to allow for the optimal utilization
of uranium resources.

PNC’s Tokai Reprocessing Plant reprocesses
spent fuel from the nation’s power reactors. As
of the end of March 1991, the plant had
reprocessed approximately 527 tons of spent fuel.
Plans are underway for a commercial

- reprocessing plant at Rokkasho-mura with an
annual reprocessing capacity of approximately
800 tons.

PNC also is conducting R&D on the

monre

reprocessing of spent fuel from fast breeder
reactors.

Taking measures to treat and dispose of
radioactive waste appropriately is a very
important issue on the nuclear fuel cycle.

As for low-level radioactive waste, measures
are taken to reduce the quantity of waste
produced, reduce the waste volume and increase
waste solidification.

The plan to bury low-level radicactive solid
wastes at shallow depths is underway in
Rokkasho-mura. The Prime Minister approved
implementation of the plan in November 1990.

The fundamental policy for the dispus:ll of
high-level radioactive waste is to vitrify the waste
into a stable form, followed by storage for 30 to
50 years for cooling, after which they are to be
disposed of underground into a gculagical
formation deeper than several hundred meters.

PNC is a core body in R&D in the technolo-
gies for waste, for the storage of vitrified waste
and for geological disposal. As a part of these
activities and to consolidate geological disposal
technology, PNC also is planning to set up the
Storage Engineering Center as an integrated
research center for storing high-level radioactive
waste and other materials.

Separation of nuclides contained in high-level
radioactive waste so that useful nuclides can be
utilized, and conversion of long-livm! nuclides
into short-lived, or non-radioactive, nuclides are
important research themes. R&D activities are
carried out with the cooperation of the JAERI.
PNC and other concerned organizations.

(4) Advanced Reactors and Plutonium
[tilization

One of Japan's nuclear energy goals is to
establish a system for utilizing plutonium
recovered by reprocessing spent fuel in order to
stabilize the nation’s energy supply and to
optimize utilization of wuranium resources.
Fast-breeder reactors will be the principal
reactors for the use of plutonium in future.

For some time, plutonium extracted during
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reprocessing will be mainly used in light-water
reactors and in advanced thermal reactors in
order to establish a broad technological base for
the use of recovered plutonium. Plans for
small-scale testing of mixed uranium and
plutonium oxide fuel (MOX) in light-water
reactors are underway. This will be followed by
full-scale use of MOX fuel in light-water reactors.

PNC has developed the technology for the
advanced thermal reactor and the prototype
reactor, FUGEN, is now operating well. As for
the demonstration reactor, construction is
proceeding on the initiative of private firms.

PNC alse has carried out extensive
development work for the fast breeder reactor.
The experimental reactor, JOYO, also has
operated well.

With respect to the prototype reactor MONJU
which is under construction by PNC (based on
the results of JOY(), installation of machines
and equipment was completed in April 1991 and
function tests started in May 1991, with a goal
of going critical toward autumn of 1992, A
construction plan for the demonstration reactor
is being developed under initiative taken by the
utilities. Construction is expected to start in the
2nd half of 1990s.

The plutonium being used in the nation’s
fast-breeder reactors and in the other R&D
programs is provided by reprocessing of nuclear
fuel used at Japanese power planmts. The
reprocessing is done in France and the United
Kingdom as well as at Tokai. Present plans call
for this material to be returned from Europe by
sea, beginning in the autumn of 1992,

(5) Promotion of Advanced Projects
Thermonuelear fusion has a potential of
providing a virtually inexhaustible supply of
energy for future generations; the world hopes
fusion becomes a reality,
In Japan, fusion rescarch activities are carried
out at JAERIL, the National Institute for Fusion

Science of the Min istry  of  Eduecation,
universities and other natiomal research
202 /

institutes.

Since 1988, JAERI has been developing a
performance increasing project called JAERI
Tokamak-60 (JT-60). The facility has achieved
the world’s highest record in the efficiency of
plasma current drive. Furthermore, JAERI
completed in March 1991 renovation work to
achieve greater current thereby enabling the
world’s pioneering study of plasma confine-
ment to continue.

As for the International Thermonuclear
Experimental Reactor (ITER) project, parti-
cipated in by Japan, the United States, the
European Communities and the U.S.S.R., the
three-year ITER Conceptual Design Activities
(CDA) ended in December 1990, Based on the
results of these activities, the 4 partners
progressed to the Engineering Design Activities
(EDA) and reached an agreement practically in
July 1991 about the framework of cooperation
and the site of the joint design team. The ITER
EDA are expected to begin during FY1991. The
National Institute for Fusion Science of the
Ministry of Education is supporting the world’s
largest  helical apparatus  which uses a
superconductive  coil  to  determine  the
confinement physics of the steady-state operation
of the torus magnetic field system and
high-temperature plasma.

Radiation has come to be used in a wide range
of fields, beginning with the basic sciences and
medicine, agriculture and
industry. In medical sciences, research is being
conducted on the uses of fast neutrons, protons
or heavy ion beams to treat malignant tumors,
while diagnostic technology employing X-ray
computer tomography and X-/y-ray radiotherapy
for malignant tumors already is widely utilized.
In  particular, the National Institute of
Radiological Sciences (NIRS) is using fast
neutron and proton beams, and also hca'ir}r 100
beams for the remarkable treatment of cancer
cells. The Institute currently is building a
heavy-ion medical accelerator to demonstrate the
clinical potential of radiation for cancer

extending  into
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treatment. Research in this area also is underway
at some universities. Researchers at Tsukuba
University’s Proton Medical Research Center,
for example, are carrying out studies on the
diagnosis and treatment of cancer using proton
beams.

In agriculture, forestry and fisheries, radiation
is being used for plant breeding, sterilization of
vermin, and food irradiation, ete.

In industry, - radiation is being used for
non-destructive testing for improvement of
polymers, etc.

Since FY1987, JAERI has been constructing
a multipurpose ion beam facility. Its completion
is scheduled for 1992, although it began partial
operation in FY1991.

JAERI and the Institute of Physical and
Chemical (RIKEN) have been
constructing since FY1989 a next-generation
synchrotron radiation facility (SPring-8) at the
Harima Garden City in Hyogo
Prefecture. Its completion is scheduled for
FY1998. The High-Energy Physics Research
Institute of the Ministry of Education also has
been conducting high-intensity synchrotron

RES-E-B.'I’L‘.h

Science

radiation research wusing the "TRISTAN"
injection-accumulation ring.
A promising field for R&D in  high-

temperature engineering is the generation of
energy using high-temperature gas reactors.
Advances in this field hold the promise of
opening up many possible alternative sources of

energy. JAERI is now constructing a
high-temperature  engineering test reactor
(HTTR), with the goal of establishing

high-temperature gas reactor technology and
pioneering basic research into high-tempe-
rature phenomena.

JAERI also is promoting the nation’s R&D of
technologies for use in nuclear-powered ships.
The Institute constructed and has been
conducting startup tests of the Mutsu
nuclear-powered ship. In March to December
1990, reactor capacity tests for increasing outpul
and offshore exercises of the ship were

performed. In February 1991, after having
received a certificate of success, based on the
pre-use inspection under the Nuclear Reactor
Regulation Act, and the ships inspection
certificate, based on the Ships Safety Act, the
Mutsu began a year-long series of test voyages
to obtain knmvlm‘lge concerning the effects of
vibration, pitching and rolling, and variations in
load based on a variety of high-seas ¢onditions.
Also, design evaluation research is being
conducted to
reliability of the ship’s reactors.

improve the economy and
In addition to the above programs, JAERI, the
national universities and the national research
institutes are furthering basic research in the
following fields.
» Nuclear and reactor physics
» The physiological effects of radiation
» Irradiation testing of fuel assemblies and
materials
Also JAERI, PNC, RIKEN and the national
research institutes are developing a number of
underlying technologies in the following four
areas.
» Materials technology for nuclear facilities
» Artificial intelligence technology for nuclear
facilities
+ Laser technology for the nuclear energy field
» Technology for assessment and reduction of
radiation risk

(6) Contribution to the World Community

While developing nuclear energy, nations
have become interdependent, making inter-
national cooperation an important factor in
ensuring that R&D in this area are carried out
as efficiently as possible.

Japan’s efforts in nuclear energy R&D are both
bilateral and multilateral. Bilateral activities
include information sharing, exchanges of
personnel  and projects.
Multilateral activities are encouraged at national
government through treaties and
agreements and through support provided to
international Japan also is

joint research

levels

organizations.
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cooperating with developing countries through
regional projects with neighboring Asian nations
including the sponsorship of the International
Conference of Nuclear Cooperation in Asia. In
May 1990, Japan concluded with the Republic
of Korea the Japan-Korea Agreement for
Cooperation concerning Peaceful Uses of
Nuclear Energy, and in July 1991, the revised
Japan-France Agreement for Cooperation
concerning Peaceful Uses of Nuclear Energy
came into effect. In April 1991, the Japan-Soviet
Agreement for Cooperation concerning Peaceful
Uses of Nuclear Energy was concluded.

{7) Public Acceplance of Nuclear Energy
Public

ezsential to the smooth dm‘nlnpm{:nl and

H.{.‘L'l.‘liltﬂIl e and

utilization of nuclear energy. The government
is conducting public awareness activities and is
w]ifiling public cooperation and, for this
purpose, is taking all measures possible for
security and safety. In addition, the government
disseminates information on nuclear energy
through the mass media and also encoureges
public relations at the grass-roots level through
lectures and study groups.

3.3.1.2.2.2. R&D on Natural Energy

The practical use of solar energy, geothermal
energy, ocean energy, wind energy, biomass
energy and other natural energy alternatives
faces a number of obstacles that are largely due
to the : resOurces.
However, it is important to overcome the various
problems that impede their development, since
natural sources of energy are clean and, unlike
fossil fuels, do not discharge carbon dioxide, the
principle cause of global warming. Eventual
widespread use of such energy can only have a
positive effect on global environmental issues.

R&D on natural energy is being carried out
at the Institute of Physical and Chemical
Research, the Japan Marine Secience and
Technology Center, as well as through work on
the New Energy Technology Development

characteristics of these
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cooperation  are-

Program (the Sunshine Project and other related
programs).

Solar energy can be utilized for hot water
supply, heating, cooling, photovoltaic power
generation and other needs. Technological
development of solar water heater systems for
residential use has been completed and the
system is spreading among general households.
R&D into technologies to promote the industrial
use of solar energy are underway. The
government also is encouraging R&D on
photoveltaic power generation with the goal of
substantially lowering the cost of solar batteries
and their systems while improving their
efficiency.

Geothermal energy resources are abundant
and its use as an energy source close to local
communities is being considered, for example,
in space heating, cultivation of the crops, ete. In
this context, R&D is progressing on techniques
assessing deposits of geothermal resources,
technology for exploration, drilling and
extraction of geothermal resources, binary cycle
power generation systems using hot water with
medium and high temperature and hot dry rock
power generation systems. Also development of
multipurpose use technology of geothermal
energy and technology for preservation of the
environment are progressing.

Ocean energy can be used in different ways
depending on conditions in each particular area.
R&D are progressing in the application of
efficient wave energy utilization systems, ocean
thermal energy conversion systems and others.
R&D also are being furthered on combined
systems that would integrate these technologies
with power generation by breakwaters and the
use of deep-sea water.

Wind-powered energy already has been
introduced and widely used as a part of electric
power supply sources in Europe and America.
Japan is now promoting the R&D of medium-
and  small-scale wind powered generation
systems. Also, the R&D of large-scale wind power
generation systems are progressing toward the
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goal of expanding use of wind energy.

The development of biclogical energy
technology including photosynthesis is faced
with many ebstacles, including the luvl.r energy
output density of the energy sources, and
difficulties in transport and storage. However,
the government is encouraging R&D to further
the use of such energy resources, since they are
not only renewable, but would have little or no
negative impact on the environment.

3.3.1.2.2.3. R&D on Fossil Energy

0il is Japan’s principle source of energy and
the government is encouraging R&D of
technologies for oil development to offset the
effect of deteriorating conditions in the
petroleum industry, such as the diminishing
capacities of new oil fields.

Coal, as well as nuclear energy, is used as an
alternative to oil and the government is
encouraging R&D of new technologies. For
example, R&D in such fields as coal liquefaction
technology, combined cycle power generation
technology integrated with low-calorie coal
gassification, and technology to
hydrogen from coal are being encouraged as part
of the Sunshine Project.

Natural gas also is being used as an alternative
to oil, especially since it is a clean source of
energy that has minimal negative effect on the
environment. Here the government encourages
R&D in areas which can make the most efficient
and economical use of this resource, such as
prospecting, liquefaction, transportation, and
storage.

produce

3.31.2.2.4. R&D for More Efficient Use of
Energy

From the viewpoints of assurance of a stable
supply of energy, counteraction to global
environmental issues and effective use of limited
energy resources, it has become essential to
bolster the R&D of more efficient use of energy
in each stage from its supply to end use.

The government is actively promoting R&D

on energy comservation technologies in the
industry and household sectors (the Moonlight
Project) and R&D for more efficient use in the
transportation sector and buildings.

More specifically, under the Moonlight
Project, R&D is being conducting in the
following fields.

* High thermal efficiency ceramic gas turbines
that can be used in co-generation systems

* Fuel cell technology for clean, efficient power
generation

* Superconducting materials and superconduct-
ing power generation systems and technology

* Super heat-pump energy accumulation sys-
tems capable of high-density, high-efficiency
energy storage

* New types of batteries

In transportation, R&D on a number of new
propulsion systems are underway to establish a
technology base capable of using a wider variety
of energy sources. The following systems are
representative of the efforts being made in this
area.

« Ceramic gas turbines and engines
+ Stirling engines

+ Aleohol engines

« Natural gas engines

Other energy conservation areas in which
R&D has the government’s support include the
following.

» Systems technology for utilizing waste heat in
factories, power stations and urban areas

+ Technology for fermenting, distilling, and
using industrial derived from
agricultural, forestry and fishery resources

+ Technologies to distribute energy sources
appropriate to different locales

+ System technology for utilizing hydrogen
energy which does not discharge carbon
dioxide during combustion

aleahol

3.3.1.2.3. Upgrading of Production Technolo-
gies and Distribution Systems

The government is encouraging R&D in
improving the nation’s production technology
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and distribution systems. In food produmion,
R&D of the foundations for production,
cultivation and packaging are being undertaken.
The National Research
Program (a large-scale project) currently is
furthering the development of Super-Frontier
Processing Systems dealing with processing
technology using excimer laser ion beams and
ultra-precise processing technologies.

and Development

3.3.1.2.4. Recycling and Effective Utilization of
Resources

The government is promoting R&D projects
dealing with use of recyclable resources.

By means of large-scale projects, studies are
being conducted on high-functional chemical
product production methods contributing to the
effective use of marine biological resources by
using biotechnology (effective use of marine
organisms).

The Ministry of Agriculture, Forestry and
Fisheries is encouraging general research in
areas related to the development of technologies
for the efficient use of biological resources.

3.3.1.2.5. Improvement of Service to Society
and Life

The government is supporting R&D to
improve services both at individual and
community levels. Areas being promoted include
research on man-machine-interfaces, R&D of
technologies to measure human sensory response
factors and to develop space at great depths
‘underground, and studies to develop new
transportation systems and new distribution
systems.

The R&D of micro-machining technology, in
which a micro-machine carries out sophisticated
operations including inspection, repair, or
remedy, also is progressing.
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3.3.1.3. Encouraging Science and Tech-
nology for Improving the Quality of Society
and Life

Japanese society is maturing and, at the same
time, is being encouraged to expand its role in
the world community by furthering inter-
national exchanges and cooperation. In this
context, the government recognizes the need to
develop science and technology in ways that
greater emphasis on the needs of
individuals and society and which also
encourage continued, healthy growth.

In March 1986, the cabinet approved The
General Guideline for Science and Technology
Policy based on the Recommendation pursuant
to Inquiry No. 11 submitted by the CST in
November 1984. The General Guideline stated
the importance of encouraging science and
technology for the advancement of society and
the enrichment of individual life.

In accordance with the General Guideline and
guidelines laid down by other policy-making
bodies, various ministries and agencies are
furthering a variety of R&D programs and these
are described in the following sections.

place

3.3.1.3.1. Maintaining and Improving the Mental
and Physical Health of the People

Public concern for maintaining better levels
of mental and physical health has grown as living
standards have risen. Until recent days, public
health policies have focused on treating illness
and disability. The government is now faced,
however, with increased public awareness of
healthier lifestyles as a part of everyday life. To
meet this need, the government is encouraging
R&D related to the maintenance and
enhancement of mental and physical health and
the fostering of new concepts in medical care.

A number of government organizations have
formulated policies and published recom-
mendations that have established government
priorities for R&D in health-related areas. Some
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of the key documents which have been drawn up
include the following.

* Opinions on Basic Guidelines for Promoting
Newrological Science and Technology,
submitted in August 1987 by the CST

* Opinions on Basic Guidelines for Promoting
Immunological Science and Technology,
submitted in August 1987 by the CST

* Guidelines for General Anti-AIDS Policies,
submitted in February 1987 by the Cabinet
Couneil for AIDS-Counter Measures

* Opinions on Basic Guidelines for Promoting
Cancer Research, submitted in July 1983 by
the CST

* Ten-vear General Anti-cancer Straltegy,
submitted in June 1983 by the Cabinet
Council for Cancer-Counter Measures
The Science and Technology Agency, the

Ministry of Health and Welfare, the Ministry of

Education and the Ministry of International

Trade and Industry are undertaking R&D
programs in the following areas.

* Research on the maintenance function of a
living organism’s homeostatis

+ Studies on disabilities

* Analysis of the bio-regulatory mechanisms for
various food products

* Technology for the diagnosis and treatment of
cancer, diseases of the circulatory system and
current incurable diseases

* Development of medical treatment systems

* Development of diagnostic and therapeutic
equipment and artificial organs

3.3.1.3.2. Formulation of Individual and Cultural
Life

Dealing with issues such as improving the
quality of life, meeting the needs of an aging
society and making adjustments to the decline
in the birthrate, are primarily the respon-
sibilities of the local community, the family and
the individual. However, despite the limitations
of science and technology in dealing with such
issues, many people feel that properly focused
scientific R&D can make a substantial

contribution.

The CST has addressed these issues and set out
R&D priorities in Opinions on Basic Guidelines
Jor Promoting Science and Technology
Appropriate to Long-lived Populations,
submitted to the Prime Minister in May 1986.
Based on this. the gnﬂ:rrlment 18 encnurag:ing
R&D in areas related to lifestyle improvement,
support activities, the
fostering of safe, livable communities and
adjustment to a prolonged demographic shift
toward an aging population.

In this regard, the Ministry of Health and
Welfare, the Ministry of International Trade and
Industry, the Minislr}' of
Telecommunications, the Ministry of Labor and
the Ministry of Construction are encouraging
R&D in the fu]luwing areas.

+ Development of new materials for construc-
tion

* Development of appliances and equipment
support systems for residential dwellings

* Measures to ensure the safe handling of
substances used in daily life

. Devn]npmﬂ'nt of
csp-r:cially for the needs of senior citizens

for wvarious cultural

Posts and

designed

equipment

3.3.1.3.3. Formulation of a Comfortable and
Safe Society

Inereased rapid

urbanization and the

development of roads, transportation and
communications systems have made society
more complex, lnaking the maintenance of a
good living environment in pleasant neigh-
borhoods with a distinctive character a
government priority. This can be attained by
encouraging R&D in the following areas.
* Fostering of safe and pleasant neighborhoods
« Consolidation of roads, transport and
communication systems
* Improved and disaster-prevention
Measures
» Environmental preservation
A number of government organizations have

formulated policies and published recommenda-

safety
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tions that establish prinrilies for I'urtharing R&D
in these areas. Some of these documents are as
follows.

- Long-term Perspectives on R&D of
Construction Technology, published in April
1988 by the Ministry of Construction

- Basic R&D Programs at the Ministry of
Transport, published annually by the
Ministry of Transport

« R&D Directives for Telecommunications
Technology, published in August 1987 by the
Ministry of Posts and Telecommunications

« Basic M easures concerning Development of
Information and Communications Tech-
nologies in Prospect of the 21st Century,
published in June 1991 by the Council on
Telecommunications Technology, the
Ministry of Posts and Telecommunications

« Basic R&D Programs for Disaster Preven-
tion, ilp;er;r:{] by the Prime Minister in July
1981

+ Emphasis on Priovities and the General
Promotion of Experimenital Research
Related to Pollufion Frevention, published
annually by the Environment Agency.

The National Police Ageney, the Science and
Technology Agency, the Environment Agency,
the Ministry of Agriculture, Forestry and
Fisheries, the Ministry of Transport, the
Ministry of Posts and Telecommunications, the
Ministry of
Construction are the primary organizations
encouraging R&D through implementation of
'pmjf:nts in the following areas.

+ Urban and agricultural-community planning

['ﬂi:rl'i:-:.lr}' of Labor and the

* Development of construction technology

* Technology for the support and manage-
ment of urban services

* Development of new systems for communi-
cating information

+ Elucidation of causal mechanisms related to
natural disasters, their forecast and prediction

* Insurance of safe and hygienic
conditions

work

* Prevention of environmental contamination

208

The Science and Technology Agency, the
Ministry of Transport and the Ministry of
Construction are the primary organizations
promoting R&D projects in the following areas.
+ Prediction of earthquakes and volcanic

eruptions
+ Component technologies for aeronautical

application

3.3.1.3.4. Improving the Human Environment
Based on a Global Viewpoint

Recently, to solve the problem of environ-
mental deterioration it becomes increasingly
important to cooperate internationally. Given
today’s interdependency among nations, it is
important for the technologically advanced
nations to use their R&D capabilities to meet the
challenge of global environmental problems.

The following documents address these issues
and also establish government R&D priorities.

» General Investipation and  Research
Promolion Programs  for  Globai
Environment  Conservation,  FY1991,

published in June 1991 by the Council of
Ministers  for  Global  Environment
Conservation.

* Basic Plan for R&D on Earth Science and
Technology, based on Recommendation of the
CST pursuant to Inquiry No. 17, approved by
the Prime Minister in August 1990
Based on these, Japan is committed to the

following programs.

» Response to environmental problems of global
concern

+ Fostering mutual
nations

* Provision of assistance to developing
countries for the purpose of improving their
societies and standard of living
More specifically, the Science and Tech-

nology Agency, the Environment Agency, the

of Education, the Ministry of
Agriculture, Forestry and Fisheries, the Ministry
of International Trade and Industry, the Ministry

of Posts and Telecommunications and on the

understanding among

Ministry
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Ministry of Construction are promoting R&D on
the analysisand evaluation of global environmen-
tal changes and the technologies for appropriate
COUNtermeasures.

3.3.2. Research Activities by Organiza-
tion

3.3.2.1. Research Activities at the National
Research Institutes

The national research institutes conduct
specific research activities under the auspices of
the ministry or agency with which they are

affiliated. In FY1991, expenditures by the
national research institutes for experimental

Table 3-3-8. Breakdown of expenditures for national research institutes by ministry or agency (million yen)

Fiscal Year
Ministry or agency
19940 1991
National Police Agency 1,055 1,143
Hokkaido Development Agency 148 148
Defense Agency 103,241 113,974
Economic Planning Agency 209 850
Science and Technology Agency 36,223 39,184
Environment Agency 6,828 7,905
Ministry of Justice 934 1,006
Ministry or Finance 1,088 1,193
Ministry of Education 7060 7,411
Ministry of Health and Welfare 15,707 16,926
Ministry of Agriculture, Forestry and Fisheries 59,221 62,421
Minisiry of International Trade and Industry 40,849 42,650
Ministry of Transport = 8588 9,387
Ministry of Posts and Telecommunications 4,408 5,072
Ministry of Labaor 2,432 3152
Minisiry of Construction 5232 5,846
Minisiry of Home Affairs 565 6lo
Total 294,444 218923

Note: 1. Since amounts have been rounded, the sum of the amounts for each column and the totals

shown above do not necessarily agree.

2. Amounts include expenditures for the humanities.
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research costs, personnel costs and facility costs
were 3189 billion yen, up 8.3% from the
Table 3-3-8 lists these
expenditures by ministry and agency.

A total of 14,777 people were employed in
1991, including 9,660 researchers, This was

down 99 from the previous year, in{:lllding 39

previous  year.

fewer researchers.

3.3.21.1.

Research
Ordinary research  consists prin-::ipall}r of

Ordinary Research and Special

research activities in comparatively basic fields
that is conducted on a regular basis to provide
the foundation for other research activities.
Special research, unlike ordinary research,
consists of planned research activities that must
be conducted expeditiously within a fixed time
or gnvﬂrnmmllﬂ

period to meet societal

requ irements,

3.3.21.2. Guidelines for Promoting Basic
Research at Research Institutes

Looking forward to the 21st century, Japan is
committed to promoting creativity in science and
technology and especially in basic research for
the betterment of society at home and abroad.

For the promotion of basic research the
national institute are highly expected as well as
universities,

In this context, a number of highly promising
basic research projects are currently underway at

the national research institutes, national
unmiversities.ete.  Since this  basic  research
provides the impetus for development of

innovative technologies, the Science and

Agency utilizes the Special
Coordination Funds for Promoting Science and
Technology in the following ways to support

R&D  in  national research institutes in

accordance with the directives of the CST.

+ Encouragement of Basic Research at national
research institutes to create the seeds of
innovative technologies (since FY1985)

* International Core System for Basic Research

Technolo gy

210 /

to promote international research exchanges

(since FY1988)

By means of this latter system, the national
research institutes have been conducting
research  across  jurisdictional  territories,
bringing together researchers from different
countries,

In FY1990, the science and technology special
researcher  system was  established and
implemented for activities in national research
institutes by accepting young researchers in
these institutes as part-time employees.

3.3.2.2. Research Activities at Public
Research Corporations

In addition to the national research institutes,
important  government-sponsored  research
activities are conducted at public research
corporations. Funding for these corporations is
provided by government investments and
subsidies as well as by private sector investment.
They are effective vehicles for research since
they allow for flexible management, are able to
recruit researchers from a wide range of
government and private-sector organizations and
can finance their activities with investments
from the private sector.

Public research corporations are destined to
play an important role in Japanese R&D as they
are capable of sustaining the comprehensive
efforts required to accommodate the growing
volume of large-scale, complex projects.

Table 3-3-9 lists the main purposes and
research activities provided by the principal
public research corporations.

3.3.2.3. Research Activities at Academic
Institutions

Academic institutions conduct research with
the goal of extending knowledge. At these
institutions, innovation and creativity are
fostered in an environment that encourages
independent:e., ingquisitiveness and the free

Science and Technology Agency
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Table 3-3-9. Public Research Corporations

Organization

Purpose and activities

Japan Atomic Energy Re-
search Institute (JAERI)

To carry out comprehensive, efficient research on nuclear energy development;
conduct basic and applied research on nuclear energy; nuclear reactor design,
construction and operation; R&D of nuclear-powered ships; and 1o disseminate
information and technologies.

Institute of Physical and
Chemical Rescarch (RIKEN)

To develop original, innovative technologies, conduct broad-ranging, advanced
experimental basic and applied rescarch level in physics, chemistry, agricultural
science, biology and other fields; w0 disseminate information and technologies 1o ithe
academic and industrial sectors.

Research Development Cor-
peration of Japan (JRDC)

To commission development of new technologies, and basic research deemed
necessary 10 develop new technologies, 1o disseminate information and technologies;
grant concessions for the development of new technologies; promote communication
among the intemational research community; supply information pertinent to the
international research community.

Power Reactor and Muclear
Fuel Development Corpora-
lion (PNC)

Primary development work is to establish key elements of the nuclear fuel eycle,
including fuel development, uranium prospecting and mining, reprocessing of spent
fuel, development of awtonomous technology for fast breeder reactors, and new types
of conversion reactors.

Mational Space Development
Agency of Japan (NASDA)

To eontribute 1o space science and technology and the utilization of the space environ-
ment for peaceful purposes, conduct general development of satellites and the launch
vehicles to launch them, and io manage launching and racking operations.

Japan Marine Science and
Technology Center

To further science and technology useful in ocean development; conduct general
experimental research, including R&D of submersibles for deep-sea surveys, R&D of
technologies for undersea work; W commission and manage large, joint-use facilities

(JAMSTEC)
dissemination.

for experimental research, conduct training programs, information gathering and

Mew Energy and Industrial
Technology Development
Organization (NEDO)

To improve Japan's industrial technologies and 1o further international exchange in the
field of industrial technology; conduct B&D of technologies for industrial use;
establish a research infrastructure; promode joint intermational research.

dissemination of ideas.

Japan’s national and private universities and
colleges lie at the center of this activity and are
charged with maintaining and raising the
standard of the nation’s academic work. The
universities and colleges promote academic
development by paying high regard to the
independence of researchers and encouraging
education and research to mature together in
studies that are focused around the humanities,
social sciences and natural sciences.

The Ministry of Education supports research
activities in departments of universities and
m]leges, their attached laboratories and research

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991

institutes and in research

institutes. Although education and research

activities are basically treated as two parts of an

inseparable whole, for accounting purposes,

expenditures designated for research can be

classified into the following categories.

+ Expenditures for ordinary research

. I*_'.xpcnditures for accountable
research granted on the basis of research
content and need

» Expenditures for research on specific projects

+ Expenditures for installment and maintenance
of research facilities and equipment.

ordinary research to

inter-university

sﬂparatcl}'

F.xpum{ilures- for
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providing the foundation to conduct research
independently,  consist, at the national
universities and colleges, of p&h-:::rttﬂd expenses,
research expenses by faculty members and
research-related
members. The Ministry of Education supports
personnel expenses and overall education and
research costs for private universities and

travel expenses by [faculty

colleges  through subsidies for working
expenditures.
There are a number of expenditures allocated

to cover the cost of special research, one of which
is the Ministry of Education’s Grant-in-aid for
Scientific Research to promote of advanced
scientific research in fields that contribute to the
furtherance of the sciences in Japan. This
grant-in-aid covers the cost of independently
planned research projects by a researcher or
group of researchers affiliated with an academic
institution which are deemed to be in the
national interest for the furtherance of academic
knowledge and for which outstanding results
may be obtained. This grant-in-aid has been
instrumental in furthering scientific research in
Japan by encouraging creative and innovative
scientific research
formation of distinguished research groups.

In FY1990, The Originative Basic Research
Expendifures were established to improve
research activities and promote new scientific

and by nurturing the

programs. This, as well as other grants-in-aid,

supported research in the following areas. See

also Table 3-3-10.

* Research in priority areas for promoting
advanced research, for example, in the
materials science areas

Research (B) and (C)" for

encouraging creative and innovative basic

research and for developing social sciences and
humanities

"Research Encouragement (A)” to promote

work by capable young researchers

* "Experimental Research” for promoting both
experimental and applications research

* "International  Scientific

"General

Besearch™  for

212 /

promoting  international joint research
projects

+ Expenditures for promoting the dissemination
of research results

The encouragement of capable, young
researchers is also an issue of critical importance
in furthering scientific research. To promote
these efforts, the Science Council made a
proposal to the Minister of Education in July
1990. In FY1985, the Ministry of Education
addressed this issue by establishing the "Special
Researcher Fellowship Program,” a full-
fellowship program under the auspices of the
Japan Society for the Promotion of Science
(JSPS). The program enables students attending
the later period of doctor degree programs in
graduate schools and those who have obtained
the doctotare degree to devote themselves to
independent creative research. The Ministry of
Education has expanded the program on a yearly
basis, so that in FY1990 the program supported
a total of 1,000 research fellows.

In recent years, scientific investigators at
universities have been besieged with requests by
private industry and other sectors of society. To
address this, the Ministry of Education has
implemented a number of measures that enable
them to cooperate with private industry on joint
research projects that meet the needs of society
in an appropriate manner, while protecting the
autonomy of the universities,

In FY1983, the Ministry of Education
established the "University-Private-sector Joint
Research allow  national
universities and other institutions to accept
researchers and research funding from private
industry. These researchers collaborate equally
with university researchers on joint research
projects of common interest.

Researchers. both at universities and in the
private sector, have expressed strong interest in
this program. As of FY 1990, B69 joint projects
had been conducted under this program for the
development of materials, equipment, software
and other technology. From FY1987, the

Program™ to

Science and Technology Agency
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Table 3-3-10. Research classifications and budget allocations of the Grant-in- Aid for

Scientific Research in FY1990
Hudget
Research Description (million
classification F:u_}
Scicntific reacarch | Suppont for research expenses £3,600
expenditures
High-priority | Rescarch projects with the potential 1o show outstanding resulis in fiekds whose 2,350
research importance has been intemationally recogaized.
Special research | Long-term research projects that address pressing academic or soclal needs, such as 2,100
CERCCT Tescarch,
Priority Dynamic, inleasive research projecis carrled out over a fixed term (3 1o 6 years) ihat
research address pressing sciemtific or social pecds, Including work involving materials, the life 14,330
sciences, earth sciences, and space sciences.
Cemprehensive | Joint, interdisciplinary research projecis spanning organizations and sgientisls in 2,740
joint research | different disciplines
program
General Individual or group research projects within a sisgle organization, With the following
research budget classifications
{A) 10 million yen wp to less than 50 million yen 17,150
(B 3 million yes up 1o less than 10 million yen
() Less than 3 million yen
Experimental | Experimental or applied research projecis with potential for commercial use 4,850
reséarch
Encourage Research 1o be conducied by special researchers of the Japan Seciety for the Promotion Do0
research of Seience
(Special
researchers)
Commendatory | Rescarch projects conducied independently by a young reseascher with a budget of 4,090
research (A} | under 1.2 million yen
Commendatory | Research projects conducted independeatly by a kindergarten, elementary, middle, or 90
research (B) | bigh school teacher, or by a private citizen with a bedget under 300,000 yen
Intemational | Scientific investigation, intemational joiot research and other investigative research of 2,950
scientilic international scope
research
Extraordinary | Suppor for urgent research in important fields 1,950
Hescarch
Promation
Funds
Research reporting | Assistance lor reporting or disseminaiing literature on imporant scademie resesrch 1,400
expendileres findings
Special Funds awarded to promote enigue rescarch projects by privale seclor sciealific research 400
Commendatory organizations in ficlds that address pressing acicntific or social aeeds.
Research
Orriginative basic re- | Promoiion of new programs in science 400
search expenditres
Toial 55,500
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Ministry has commissioned "Joint Research
Centers” at national universities for joint
research projects and other areas of academic and
private-sector cooperation. The Ministry also is
promoting  private-industry and  university
cooperation on joint research by making it easier
for colleges and universities to undertake
contract research and accept contract researchers.
Funds for this are provided through the
Grant-in-Aid for Scientific Research. The Japan
Society for the Promotion of Science also is
encouraging academic-private sector cooperative
activities Liaison
Committee.

Academic research is an all-encompassing

through its  General

intellectual  endeavor that  helps
knowledge regarding ourselves and our universe.
Thus, expanding the frontiers of academic
requires cooperation and a free
exchange of ideas across national boundaries.

Over the last few years, the need for international

research

effort to deal with resource and energy problems
and global environmental problems has
intensified. Moreover, many fields of scientific
research, such as high-energy physics and
nuclear fusion, require large-scale facilities and
advanced equipment that are often beyond the
capital resources of any single nation.

To address these issues, Japan is encouraging
international cooperation in scientific research
in the following areas.

* Invitation of researchers from overseas to
conduct research in Japan under the Special
Overseas Researcher Fellowship Program

« Dispatch of Japanese researchers to participate
in R&I) activities overseas

* Encouragement  of joint
multilateral research projects
Japan is involved in large-scale, international

joint research projects under various agreements,

both at the international and inter-organization
levels. Research activities also are conducted
under multilateral

International Council of Scientific
(ICSU), the United Nations

bilateral and

agreements  with  the
Union
Eduecational.

214 f

further

Scientific  and  Cultural  Organization
(UNESCO)and other international bodies. The
Ministry of actively
encouraging university exchange programs with
developing countries.

Research activities in universities and colleges
have been promoted, in line with the purport of
the 1984 Science Council recommendation
Principal M easures for Improving Academic
Research Systems. However, to cope with
substantial changes in conditions surrounding
academic research in recent years, the Minister
of Education inquired about Comprehensive
Promotion M easures for Academic Research
in Prospect of the 21st Century to the Science
Council in December 1990. The Council has
been deliberating from a long-term and
comprehensive viewpoint various problems
including the basic conceptions of academic
research, improvements in research systems,
steady recruitment of researchers, increases of
research  expenditures and promotion of
international academic exchanges.

Education alse 1s

3.3.3. Strengthening the Infrastructure
for Science and Technology Promotion

A strong promotional infrastructure is a
prerequisite for the smooth and efficient progress
of R&D in science and technology toward
meeting various needs in and out of the country.

The government is addressing this issue
through its implementation of the following
measures,

* Increased expenditures on R&D

* Nurturing  of research  personnel and
improving their treatment

* Management and supply of equipment and
facilities, materials and genetic resources

* Promotion of the research exchange

* Dissemination of science and technological
information

* Promotion of regional science and technology

* Promotion of research activities in the private
sector

Science and Technology Agency
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Figure 3-3-11. Research expenditures by sector as a percentage of GNP
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3.3.3.1. R&D Expenditures

The CST Recommendation pursuant to
Inquiry No. 11 submitted in November 1984 sets
out Japan's basic priorities for determining
expenditures on R&D. The recommendation
points out the need for the government’s
continuing financial investment in R&D in
order to provide the pool of intellectual resources
required to develop the nation’s science and
technology base for the next century. It also
states that a strong infrastructure is a prerequisite
for basic research and for the expansion of
research in directions that will solidify the
infrastructure for socioeconomic growth. The
recommendation further states that the
governmenl should address these issues by
increasing  R&D  expenditures and by
consolidating and improving the conditions for
conducting R&D in the private sector.

In FY1989, the government invested 1,900
billion yen on R&D, up 3.7% over the previous
year. The money was spent primarily in areas
deemed to be of national importance, such as

86 a7 a8 89 Fiscal Year

conducting  basic  research., encouraging
large-scale research projects and improving the
infrastructure of R&D. The government’s share
of research funding relative to Gross National
Produet was 0.5%. lower than in the U.S. and
FEuropean countries. Only 13% of the total R&D
expenditures in Japan was spent on basic
research (Figure 3-3-11). Given this record, a
continued increase in R&D investments by the
government is desired.

Based on current trends, private sector
investments in R&D are expected to rise. In light
of this, the government is making it more
attractive for the private sector to increase
investments through the i:nlylmm:ntul_iun of the
following tax measures and programs.

» Tax Deductions on Experimental and

Research Expense Increments
+ Exemptions under The Tax Program jfor

Promoting R&ED of Basic Technologies
« Cooperative Development for Industrial

Technology for the development and

commercial application of new technologies
» Credit guarantee programs

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991 215



Science and Technology Policy Development in Japan

3.3.3.2. Nurturing of Research Personnel
and Improving of Their Treatment

Progress and development of science and
technology is heavily dependent on the abilities
and creativity of those involved in R&D work.
Accordingly, efforts to nurture, sustain and
improve
personnel are prerequisites for the effective
science and  technology

scientific and technically-trained
promotion  of
development.

As part of its efforts, the Science and
Technology Agency (STA) has implemented
programs designed to raise the quality of work
done by researchers and to stimulate research
work at the national research institutes through
study-exchange activities both at home and
abroad. In FY 1989, the STA supplemented these
programs by establishing the Special Researcher
Prngram for the Basic Sciences at the Institute
of Physical and Chemical Research where
capable young researchers could engage in
self-initiated, independent research, and in
FY1990, by inaugurating the National Institute
Post Doctoral Fellowship Program to accept
young investigators with abundant {:rea.tivit}r in
national research institutes.

The Ministry of Education also has been
nurturing highly capable, young researchers by
consolidating and expanding programs and
schools and other
institutions of higher learning. The Ministry
established the Special Researcher Fellowship
Program in FY1985 under the direction of the
Japan Society for the Promotion of Science.

STA has recognized that good treatment of
research personnel is a prerequisite for retaining
capable researchers and for allowing them to
reach their full potential. Since 1961, STA has
coordinated  the of the various
ministries and agencies and has made an annual
request to the National Personnel Authority
regarding the employment conditions of

FY1990, 5TA

facilities at graduate

opinions

government researchers. In

'
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requested two measures designed to retain staff
by closing the gap between the salaries of
researchers and educators.

The first measure stated the desirability of
revising the salary scales for research workers
{especially for those newly appointed researchers
and young researchers where discrepancies are
particularly noticeable) to bring them into line
with The Salary Scale 1 for Teaching Staff
tenured staff at national
universities and other institutions), which itself
had been specially upgraded to keep step with the
salaries being paid to teachers at compulsory
education schools.

The second measure stated the desirability of
improving the salaries of researchers assigned to
Tsukuba Science City.

As a result of these requests, the average
salaries of young researchers (research staff grade
2) and teaching staff grade 2 on The Salary Scale
1 for Teaching Staff were revised by 4.9% and
3.7%. respectively, placing the average salaries
for research staff grade 2 higher than the average
salary of young teaching staff on grade 2. The
starting salaries of newly appointed teachers with
bachelor degrees on the Salary Scale 1 rose to a
level higher than that of researchers because of
the up-grade of the starting salary on The Salary
Scale 1 for Teaching Staff, while the salaries of
researchers with masters or doctoral degrees rose
to a level higher than that of educators on Salary
Scale 1 for Teaching Staff.

(applicable to

3.3.3.3. Management and Supply of Equip-
ment and Facilities, Materials and Genetic
Resources

In accordance with The Basic IH?’W,‘HHES)‘E}?‘
Consolidating the Infrastructure for Science
and Technology Promotion, approved by the
Prime Minister in January 1990, the various
ministries and agencies are promoting measures
to implement the following.

+ Establishment of a system to ensure a more
complete system of supply for the materials

Science and Technology Agency
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and genetic resources used in research

* Replacement of obsolete and outdated
equipment and facilities at  national
universities and the npational research

institutes

* Development of the world’s most advanced
equipment and consolidation of core research
functions

» Creation of favorable work environments at
national universities and at national research
institutes to conduct more joint research
projects with outside researchers

In the area of biological research materials and
genetic resources, the Institute of Physical and
Chemical Research (RIKEN) has established a
gene bank program for the collection, storage
and distribution of the animal and plant cell
cultures and genes required for research in the
life sciences. Other RIKEN programs include the
development of an information system for
experimental data in the biological sciences, the
development of test animals, and the collection,
storage and apportionment of microorganism
strains.

The Ministry of Education is setting up animal
testing facilities as a part of the overall
reorganization  of  its
infrastructure at the national universities.

The Ministry of Health and Welfare is
operating a Research Resources Bank that
collects, stores and distributes human and animal
cell cultures needed for the cancer research
carried out under the 10-year comprehensive
anti-cancer strategy.

The Ministry of Agriculture, Forestry and
Fisheries is promoting the operation of MAFF
Gene Bank, which collects and stores genetic
resources from all types of agricultural, forestry
and fishery resources, including plants and trees,
animals, marine life and microorganisms. The
gene bank also supplies genetic resources and
information in stock to researchers.

The Ministry of International Trade and
Industry at its Fermentation Research Institute
Patented Micmurganism Depository,deposits

research  support

and distributes microorganisms related to patent
research as well as conducts research on
preservation technologies for use with plant and
animal cells.

As one of its projects for improving research
and development infrastructure, the Science and
Technology Ageney is constructing the
Next-Generation Radiation
Facility "SPring-8”" in the Harima Science
Garden City, Hyogo Prefecture. RIKEN and the
Japan Atomic Energy Research
(JAERI) are jointly implementing the enterprise.
It will be the largest synchrotron radiation
facility in the world with 8GeV stored electron
energy. It also will perform as a source with
higher brilliance and harder X-rays than
conventional synchrotron radiation facilities.
This facility can be used for research carried out

Synchrotron

Institute

in a wide range of science and technology fields,
including materials science, electronies and life
sciences. It will be a joint use facility opened to
researchers both at home and abroad.

This SPring-8 is expected to not only help to
further basic and creative R&D, but also to play
a key role in international research cooperation.

R&D  activities and manufacturing of
instruments are to be continued as in 1990 and
construction of the building will be started in
1991. The facility is scheduled to be completed
and ready for general use in 1998,

Currently, European countries and the U.5.
are planning to construct similar facilities.

In a similar vein, the High-Energy Physics
Research Institute (KEK) of the Ministry of
Education has begun high-advanced research
using the "TRISTAN" injection accumulation
ring.

Based on the Act for Construction of R&D
Structures concerning Industrial Technologies,
the Ministry of International Trade and Industry,
under the Research Foundation Construction
Project, is constructing those research facilities
which are necessary for sophisticated R&D that
should be promoted in this country in the future
but which are difficult to construct only by the

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991 2i7



Science and Technology Policy Development in Japan

efforts of the private sector. In this project, a
third-sector enterprise, to be established with
investment from the New
Comprehensive Research and Development
Organization, will construct and operate the

Energy

facilities which are to be provided for common
use to researchers both at home and abroad. In
1991, the Marine Organisms Utilization
Technology Research Center for Mining and
Industry Co., Ltd. started operation in this

Table 3-3-12. Summary of the Law for Facilitating Governmental Research Exchange

[tem

Legal system before enforcement of this law

Special measures under this law

Employment of
foreigners [ Article
3

* In principle, foreigners can be appointed as
researchers, but their work is limited to 1esting and
research.

* Foreigners can be appoinied éven as
research division managers or research
section managers.

Participation in re-
search meetings
(Article 4)

* As part of official duties (business trip, outside
dinties) or on holidays.

* As the third method, one can be released
from the obligation 10 carry out one’s
duties.

Improvement of
retirement
allowanoes when
suspended from
office [Article 5)

* For leave to devote onesell 1o research at a
school, institute, hospital and other public facilities
{research leave), half of the period is used for
calculating the retirement allowance according 1o
the length of service.

* For leave necessary for carrying out
research entrusted, by or joint research with,
a national research institute, 100% of the
period is credited.

Improvement of
patent handling,
eic. related o
research institutes.
(Article 6)

* Mational research instituies apply for patents, ete,

* Part of the patent rights can be assigned 1o
a trustee who has borne the cost.

Lise of patents, eic.
related to
international joint
research free of
charge or af low
cost (Article T)

* It is often requested (o use patents, etc. of
national institutes free of charge or at low cost in
casc of international joint research. To realize
this, some legal basis should exist, Basic lows
usually are available in limited cases.

* For joint research with foreign
governmenis, foreign public groups or
international instilvies, such convenience is
provided.

Waiver of
coOmpEnsation
claims relating 10
international joint
research (Article 8)

* It is ofien requested in intemnational joing
research 1o waive governmental compensation
claims. To realize this, some legal basis should
exist. But when no legal basis cxists, claims
cannot be waived.

* Same as in the above case,

Uise of Mauonal
testing and
research
institutions at litile
expense (Article )

* To permit the use of national property at liule
expense, some legal basis should exist, which is
usually available only in limited cases.

* When a person, who is closely related 10
the research activities of a national institute
which manages research installations and is
involved in research advantageous to the
above research, wished to disclose the
results of his research, swch shall be
permitied.

What should be
considerad:
(Article 10)

* To conduct intemational research
exchange using special measures under this
law, special attention shall be paid to
fulfilling the obligation to execute treaties
and other imternational promises and (o
maintain intenational peace and security.
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project and the following enterprises began to
operate partially: lon Engineering Center Co.,
Ltd., Underground Nongravity Experiment
Center Co., Ltd., Super-high-Temperature
Materials Research Center Co., Ltd. and Laser
Application Engineering Center Co., Ltd.

3.3.3.4. Promotion of Research Exchange

In recent years, scientific R&D have become
increasingly advanced. complex and inter
disciplinary in nature. To promote creativity in
science and technology, Japan must commit
itselfl to developing the organizational
infrastructure for R&D that will allow for the free
movement of researchers, as well as for
dissemination of research findings and materials,
This will ensure that the limited resources that
can be made available for research are used as
efficiently and effectively as possible.

In the past, the legal restrictions placed on
civil servants and
measures applied by the government made i
difficult for researchers to interact and cooperate
with the private sector, or other countries. The
government has moved to remove impediments
in the relevant laws by enacting The Law for
Facilitating Governmental Research Ex-
change in November 1986 (Table 3-3-12). In
March 1987, the approved  The
Fundamental Policy for the administration of
institutions to promole governmenital research
exchange befween industry, universities and
foreign  countries 1o help ease the
implementation of the aforementioned law.

In FY1990, the Steering Commiltee of the
Liaison Council on the Promotion of Research
Exchange, with a membership of division
directors at various ministries and agencies, met
to follow up on the implementation of related
systems. The committee also investigates the
points to be revised in the current Law for
Facilitating Governmental Research Ex-
chayge and the matters requiring new measures
for promoting reseazch exchanges.

the sirict asset control

cabinet

3.3.3.5. Distribution of Scientific and
Technological Information

Scientific and technological information is the
result of the distillation of highly specialized
knowledge obtained through R&D and supported
by major financial investments. Scientific and
technological information also is a major
component of the infrastructure for promoting
R&DD.

As science and technology develops, the
volume of information
continues to increase, making it difficult for
researchers to access needed information swiftly.
It is, therefore, increasingly important to gather
and organize information into easily referenced

annual research

systems, which can then be supplied on demand
to individual users in the requested format.

3.3.3.5.1. Basic Policies for the Promotion of
Scientific and Technological Information-
related Activities

The CST Recommendation pursuant to
Inquiry No. 4, Basic Guidelines regavding the
Distribution of Scientific and Technological
Information, submitted in October 1969, makes
the basis for the promotion of scientific and
information-related
using the concept of a National Information
System for Science and Technology (NIST).

In December 1989, in its Recommendation
pursuant to Inquiry Ne. 16, Basic Guidelines for
Managing the Infrastructure for Science and
Technology Promotion, the CST outlined the
importance  of a  healthy  promotional
infrastructure,  including  scientific  and
technological information. To facilitate this, the

technological activities

CST proposed implementation of the following

Measiures,

« Reinforcement of the information distribu-
tion infrastructure with an emphasis on
improving the quality of information and
ensuring easy access to information by users

distribution  of

= Further international
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Tahle 3-3-13. Distribution of science and technology information measures in FY 1991

Ministry or sgency

Organization

Activily

Mational Diel Library

* Collecting domestic and foreign scientific and fechaical
pablications, building indexing databases and supplying informa-
lion services

Science Cowneil of Japan

* Compilation of dala on international cooperative activilies of
the International Council of Scientific Unlon {ICSL)

Science and Techmology
Agency

* Science and Techeology Promotion
Hureaw

* Research comceming constraction of sell-organizing
information base systems for supporting development of creative
research and other projects funded by the Special Coondinalion
Funds for Fromoting Science and Technology

* Japan Informarion Center of Science
and Techmology (JICST)

* Building and maintaining databases of scientific and technical
literature and reference datahases, incleding an English-language
database. Providisg domestic and overseas information services.
* lmtermational dissemination of Japsscse government publics-
fioms on science and technology

* Japan Atomic Encrgy Rescarch lnsti-
Iaie

* Cooperative work on an inlemational system of nerworks and
dstsbases for information os meclear encrgy

* Power Reactor and Muclear Fuel
Develapment Corporalion

* Compilation of information on nuclear fuel resources

* Mational Space Development Agency
of Japan

* Design and operation of comprehensive system ol nerworks
and databases for informaiion on space development

* Research Development Corporation
of Japan

* Compilation of a directory of research on the global environ-
ment

Environment Ageacy

* Malional Eavironmeni Rescarch lnsti-
ligle

* Collecting data on the environment and building dalabases

* Mational Minamata Disease Rescarch
Center

* Collecting informatios and cataloging lileriture on mercury

poisoning

Minisiry of Education

* Mational Center for Science Iaforma-
tion Systems (MACSIS)

* R&D, planning, and coordination of systems for scientific
informalion

* Ermablishing networks, building databases, and providing
information services

* Electronic mail services

* Scientific Information Systems De-
velopment Activities

* Esuablishment of mainframe computer centers and information-
processing centers, compuicrization of wniversity libranies, estab-
lishment of information networks [or veiversily use

* Grami-in Aid for Scientific Reaearch

* Support for primary publication of rescarch (indings
* Suppost for databases buill by rescarchers

Ministry of Healih and
Welfare

* Medical [nfermation Systems Devel-
opmeal Activilics

* Development and promation of information systems for medi-
cal use
* Development of infermation support systems for public health
Centers

* Fharmaceurical Product Safery [nves.
ligations

* Collection data on the side effects of pharmacevlical products

* Matiomal Institute of Hygienic Sci-
ences

* Evalustion of the effects of chemical substances on health
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(Tab.3-3-13)

Minisiry of agency Organization

Aclivily

Ministry of Agriculmre,
Forestry and Fisherics

* Office of the Agriculiure, Foresiry
and Fisherics Rescarch Council

* Mamagement of the Agriculiure, Foresiry and Fiskeries Re-
search Information Center; collection of information asd mainte-
mance of databases on genelic resources

* Ageacy of Indusirial Science and
Technology (AIST)

* Panicipation in a setwork for exchange of information on
intermalional siandards

Ministry of International

Trade and Industry * Paten! Agency

* Development of & database retrieval system for reference
malerials ased ia pateal investigations
* Buildiag pateni information databases

£

* Small- and Medium-Enterprise Agen-

* Collecting, cataloging and supplying of technical literture
relevant o small- and medism-size enterprises

* Marilime Safety Agency

* Operation of the Japan Ocean Dat Center

Minisiry of Transpon
* Meicorological Agescy

* Dperating the Global Warmiag Information Center

Ministry of Posis and
Telecommunications L

* Communications Rescarch Laboraio-

* Operation of the lonosphere Data Center

Migisiry of Labor * Harmful Substances lovestigation

* lavestigation of potentially Barmiul subsiances and formulstion
of corrective action

* Building Research lnstimie

* Esublishment of image-processing sysiems

Ministry of Coastruction | * Geographical Survey Instingie

* Provizsion and wse of iclccommuenicaiion networks for survey
data resuli=

information and the dissemination of
information among regional areas in Japan

* Intensified and broader information collec-
tion

« More advanced
capabilities

information dissemination

3.3.3.5.2. Scientific and
Information Activities in Japan

The following sections summarize science and
technology information activities in Japan.
Table 3-3-13 lists scientific and technological
information distribution activities by govern-
ment ministry and agency.

Technological

3.3.3.5.2.1. Primary Information Services

Libraries and several other
service organizations make primary literature
available for reading, plmlouup}'ing or loan.
According to the National Diet Library (NDL)
Law, all unclassified publications issued in Japan
are to be deposited in NDL. The library has
created a database of its collection and has made

information

this available for use on-line.

The Miniﬁlr}r of Education’s National Center
for Science Information Systems (NACSIS), in
cooperation with national and local governments
and private universities and colleges, has created
a database that catalogs the location of books and
magazines available in university libraries
nationwide and made this information available
for referencing.

3.3.3.5.2.2. Secondary Information Services

The use of computers to edit and build
databases allows researchers to search large
volumes of data quickly, accurately and with
relative ease,

Hm;:e.nll}r. the creation and utilization of
databases in science and technology fields has
increased sharply worldwide, a typical example
being the text databases used to store the contents
of large numbers of academic theses. However,
there is also an increasing demand for factual
databases that store numerical and image data.

The Japan Information Center of Science and
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Technology (JICST) builds {‘:mllpm‘henﬁi v lexl
databases, inputting approximately 640,000
science and technology documents annually.
JICST provides access to these on-line. The
center also maintains reference databases for
information such as that found in dictionaries of
chemical compounds.

MNACSIS creates databases for use in scientific
research, Errn"-'illing this information nationwide
over a scientific information network that links
national, local governments’ and private
universities and related organizations.

The Japan Patent Information Organization
(JAPIO) has created a database of patent

information that is available on-line.

3.3.3.5.2.3. Clearing Services

Clearing services provide information on
specific research topies. JICST supplies on-line
information on a variety of research topics from
public research institutes.

NACSIS has created an on-line database
containing abstracts of research funded by
Grant-in-Aid for Scientific Research.

3.3.3.5.2.4. International Dissemination of
Scientific and Technological Information

Overseas demand for Japanese scientific and
technological information has increased as the
nation’s science and technology has progressed.

In November 1987, the Science and
Technology Network International(STN Inter-
national) was established by JICST, the Chemical
Abstracts Service(CAS) of the United States and
the FIZ Karlsruhe, Specialized Information
Center of Germany to make Japanese science and
technology information available worldwide.

NACSIS also has been disseminating
internationally Japanese scientific information.
In January 1989, the Center established a link
with the United States National Science
Foundation (NSF). This was followed by
establishing ties with the United States Lihrar;'
of Congress(LC) in the same year and with the
British Library(BL) in 1990.

222 F

Since FY1990, JICST has been disseminating
government documents in  science and
technology fields which had hitherto been
difficult for overseas researchers to obtain. In
April 1991, JICST held an explanatory meeting
on Japanese scientific and technological

information in Washin glon.

3.3.3.5.2.5. Advancement of R&D Related to
Scientific and Technological Information

The advancement of R&D related to scientifie
and technological information has been further-
ed through the program, Research on a Know-
ledge-based System to Support the Design of
Chemical Substances, which began in FY1986
and was completed in FY1990. The goal of this
program was the establishment of a large-scale
knowledge-based system to facilitate the design
of new or application-level chemical substances.

Another important program s titled
Investigations for Building a Self-organizing
Information-based System o Assist Creative
R&D, which began in FY1990. Both of these
programs are being financed using the Special
Coordination Funds for Promoting Science and
Technology.

Further, JICST has been working on The
Full-text  Database Profolype Development
program to implement a practical full-text
Japanese language database.

3.3.3.6. Science and Technology Promotion
at Regional Levels

Both the CST, in itz Recommendation
pursuant to Inquiry No. 11, submitted in
November 1984, and the Cabinet in its Fourth
Nationwide Comprehensive  Development
Plan, approved in June 1987, identified the
strengthening of regional R&D capability as a
strategic issue.

Given this, more and more of Japan’s regional
areas have been attempting to improve their
R&D capabilities over the last few years.
Kanagawa, Toyama, Hyogo, Shizuoka and other

Science and Technology Agency
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and meetings

deliberating measures for development of science
and technology. Kanagawa, Saitama, Iwate and
other prefectures formulated general principles
and guidelines for science and tech nology policy.
Many regions across the country have begun
actively developing science and technology.

Hitherto, R&I advances in regional areas have
been centered on the work of public research

organizations. More recently, with improvement
in the technological development capability of
regional industries, many local governments are
considering reorganization and rearrangement of
public research institutes,

New measures for development of seience and

technology at the local government level have
been appearing. These include the determination
of a science city concept in the region and the
establishment of a public corporation as a core
organization for promoting comprehensively
scientific and technological development.
Here, we will outline various measures taken
by the central government to develop science and
technology in the regions (Table 3-3-14).

3.3.3.6.1. Regional Science and Technology
Promotion Conference

In order to promote of regional science and
technology, the Science and Technology Agency
has divided the country into eight geographie

Table 3-3-14. Regional science and technology promaotion programs

Minisiry or agen-
cylorganization

Program

Cheerview

Science and Technology Agency

* Science and Technology
Promotion Bureau

* Activities for promotisg regional
research exchanges (regional Bightech
nerworks)

* Establishment of regional research information setworks and
implementstion of the Research Development Corparation of
Japam's Meowe Technology Development Pragram

* Regional foating rescarch

* Excellent researchers in and out of the region will be browgh
togeilier into research instiiules of the region and they will
conduct basic and ploncering research exploliing the festures of
the region.

* Rescarch and Develop-
ment Bureau

* Special Institution for Joint Re-
search by Government and Privale
Esterprises (by regional arca)

* Special joint research programs berween public research
imstitutes and private eaterprises

* Japan Marine Science
and Technology Cenier

* Regiopally-ceniered joint R&D
projects

* R&D for op-sile experiments aimed at maximem utilization of
the mation s coastlines and conducted with the cooperation of
regioaal govemnments

Minisiry of Agriculiure, Forestry and Fisheries

* Office of the Agriculiur-
al, Foresiry and Fizsheries
Research Council

* Regional promotion of biotechnolo-

gy R&D

* Joiat rescarch by the ministry's agricaliural experimental
statioesMacilities and public research institutes in biotechnology

* Joint research with the minixiry's
agriculiurl experimental siations

* Juini rescarch by ihe mational rescarch instifuics and public
research institeces in regionally imporant fields ar the request of
prefectural agriculivnl experimental ststions

Ministry of Inlemational Trade and [ndustry

* Agency of Indusirial
Science and Technology

¥ Measures for Reglonal Techaology
Development

* Jofat R& D by the research organizations of the Agency of
[ndusirial Science and Technology, public reséarch instingies and
privale enterprise thal addresses the specific needs of regional
areas
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units. In each of these it sponsors conferences on
science and technology which are attended by
various
technology organizations,
enterprises, academic institutions, and other

ml}rnsenlal'wﬂs of science  and

related private
interested bodies in the region. The aim of these
conferences is twofold. On the one hand, it is to
formulate mutually achievable goals for the
future and to contribute to the establishment of
an infrastructure for the advancement of science
and technology in each region. On the other, it
is to achieve a mutual understanding of national
and rr.giunﬂ perspectives  on science  and
technology, and to investigate the various
problems related to the promotion of science and
technology in each geographic area.

3.3.3.6.2. Activities for Promoting Regional
Research Communications (Regional
High-technology Networks)

Since FY1988, the Science and Technology
Agency has been establishing Regional
High-technology  Nefworks to facilitate
research-related communications, information
exchange, and new technology development
within a given region, or between a region and
Tsukuba Science City. Az of the end of FY1990,
high-technology networks have been set up and
are in use to promote advanced regional R&D
through research-related communications in
Oita,  Shizuoka and
prefectures, the Tohoku region, and in Kyoto/

Toyama,/ Ishikawa
Osaka/Nara prefectures.

3.3.3.6.3. Regional Floating Research Program

The Science and Technology Agency has been
implementing since 1990 The Regional
Floaling Research Program. Under this
program excellent researchers in and out of the
relevant region are brought together in research
institutes in the region. They conduct basic and
leading research which contributes to the
enhancement  of scientific  and
technological levels, as well as incorporates

Japan’s
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features of the region. The Special Coordination
Funds for Promoting Science and Technology
support this program.

The research is being promoted actively by
bringing together investigators from national
research institutes, universities, public research
institutes and private firms under the guidance
of the region’s central organizers who lead the
promotion of research activities. In FY 1990,
these research activities began in Yamagata,
Fukuoka, and Okinawa Prefectures.

3.3.3.6.4. R&D Projects for the Regionally
Important Technology Program

Since FY1982, the Ministry of International
Trade and Industry has been implementing its
M easures for Regional Technology Develop-
meni program to address specific R&D issues
arising from the needs of regional areas. These
programs conduet joint R&D  through the
cooperative efforts of the regional research
institutes of the Agency of Industrial Science and
Technology,  the  public  experimental
laboratories and private enterprise. At present
these cooperative efforts are underway in seven
regions-Hokkaido, Tohoku, Chubu, Kinki,
Chugoku, Shikoku and Kyushu. Regional
technology development is being stimulated
through the combined input of industry,
academic institutions and the above-mentioned
government and regional bodies.

3.3.3.6.5. Main and Regional R&D Center
Infrastructure

The Fourth Nationwide Comprehensive
Development Plan calls for the development of
main cultural, academic and research centers at
Tsukuba and in the area bounded by the cities
of Kyoto, Ozaka and Nara. The Plan also calls for
the development of science cities that maintain
distinctive regional characteristics and the
linking of these cities to establish a network of

R&D.
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3.3.3.6.5.1. Tsukuba Science City

Tsukuba Secience City is a center of advanced
research and higher education that contributes
to the balanced development of the Tokyo
Metropolitan Area. Construction of new facilities
at Tsukuba Science City is continuing as part of
a national effort to meet current demands in
science, scientific research and higher education.

At present, facilities for 47
experimental laboratories, research facilities and
educational  organizations  are  nearing
completion or have already begun operation.
Private research institutes also are located in the
city.

The infrastructure of Tsukuba Science City is
being expanded and enriched and IRANY Measures
are bﬂing imp]ﬁmunlud that will make the city
a major national and international R&D center,

national

3.3.3.6.5.2. Kansai Science City

The Kansai Science City
Promotion Act, enacted in June 1987, serves as
the basis for work in progress to establish the
infrastructure for Kansai Science City. The city
is being set up with the objective of serving as
a major center that can draw on the rich cultural,
academic and scientific traditions of The Kinki
region to become a creative, international,
academic and interdisciplinary center for culture
and research.

Construction

3.3.3.7. Promotion of Research in the Private
Sector

3.3.3.7.1. "Cooperative Development of
Industrial Technology” and "Coordination for
Licensing”

The long-term monetary investment required
to develop new technologies and the associated
risks have increased year by year as technologies
have grown more advanced. larger in scale, and
more complex.

The Research Development Corporation of
Japan  (JRDC) compiles

SUrveys and

experimental research results at universities,
national research institutes and other research
organizations to dig out promising results, and
through "Cooperative Development of Industrial
Technology™ contacts with companies to develop
those results which otherwise would be difficult
to be commercialized. In this way JRDC actively
promotes the commercialization of new
technologies. JRDC also makes available the
developed technology so that it can be used by
companies in the private sector.

For new technologies which can be developed
on a commercial basis with relatively small risks,
JRDC promotes their transfer to companies
through “Coordination for Licensing”. JRDC
promotes transfer to foreign
countries by publishing an English-language
magazine about new technologies possible for
licensing overseas.

By the end of FY1990, 251 “Cooperative
Development of Industrial Technology” projects
were successful and 435 experimental research

technology

results were transferred to 703 companies.

3.3.3.7.2. Promotion through Preferential
Taxation and Financial Provisions

The government is promoting the smooth
development of research activities and the
advancement of new technology through
preferential taxation and financial provisions for
private-sector research expenditures.

Tax benefits within the national taxation
include The Tax Deduction on
Experimental and  Research  Expense
Dnerements, instituted in FY1967. This allows
corporations to deduct from their tax assessment
20% of the incremental increase over their
previous highest expenditure for research. This
program has been a major factor in encouraging
the expansion of private-sector research activities
based on independent and innovative efforts.

Another preferential tax measure, adopted in
FY1985, is The Tax Program for Promoting
R&D of Basic Technologies which exempts

businesses from 7% of the acquisition cost of

:é_'!.'ﬁll.‘.'l'll
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assets, such as equipment and facilities,
purchased for the purpose of conducting R&D in
the basic technology areas.

Another measure of this type adopted in the
same year is The Tax Deduction for
Strengthening the Technological Foundation
of Small- and M ediem-scale Enferprises. This
program, which may be selected as an alternative
to The Tax Deduction on Experimental and
Research Expense Increments, allows small-
and medium-sized enterprises to deduct from
their assessment a maximum of 6% of their
overall research expenditures every tax year.

Similar preferential tax provisions to The Tax
Program for Promoting R&D of Basic
Technologies and The Tax Deduction for
Strengthening the Technological Foundation
of Small- and M edium-scale Enlerprises were
adopted as special measures in local taxation
structures and provide for reductions in the
standard taxation determined by the corporate
residential tax rate. See also Tahkle 3-3-15 for a
summary of the main tax provisions for
promoting science and technology.
of financial
provisions designed to help raise the nation’s
level of technological development through the
provision of low-interest loans. These include the
Japan Development Bank’s Domestic Tech-
nology Promotion Funding System (the
Industrial Technology Promotion Funding
System and the Information Systems Promotion
Funding System).

The Technology Promotion Funding System
provided loans totaling 227.5 billion yen during
FY1990, which not only helped finance the
improvement of Japan’s technological develop-
ment, but also the development of the public
information infrastructure.

Further, the

There are also a number

Small-scale
Enterprise Finance Corporation has established
The New Business, New Technology
Promotion Funding System to stimulate new
technology development and further technologi-
cal advancement at small- and medium-scale

Medium- and
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enterprises,

3.3.4. International Exchange of
Science and Technology

3.3.4.1. Bilateral Cooperation

3.3.4.11. Cooperation with Industrialized
Nations
Cooperation  between Japan and other

industrialized nations is conducted mainly on
the basis of bilateral cooperation agreements.
Cooperative goals include solutions to problems
common to the industrialized nations related to
natural resources development, energy develop-
ment, nuclear energy, space development, ocean
development, biotechnology and environmental
protection. '

Japan and the United States have been
non-energy areas since the
Japan-U.5, Science and Technology Cooperation
Agreement was concluded in May 1980, This was
superseded in June 1988 by the new Japan-U.S.
Science and Technology Cooperation Agreement
to reflect changes in the conditions surrounding
Japan-U.5. science and technology relations.

So far, an active exchange of opinions has
taken place on a variety of levels, including two
meetings of the Joint High-Level Committee
chaired at the ministerial level, four meetings of
the Joint Working-Level Committee that laid the
Joint  High-Level
Committee, and three meetings of the Joint
High-Level Advisory Panel of experts from the
two countries. In addition, two Task Forees met
o investigate issues of the participation of
researchers in R&D and access to seientifie and
technological information of each country.

At the second Joint High-Level Committee in
May 1990, 17 new joint research projects were
agreed to with the intent of continuing steady
progress in bilateral cooperation. The Committee
also debated a wide variety of issues, including
ways to promote basic research, to address global
environmental problems, and to ecarry out

cooperating  in

groundwork  for  the
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Table 3-3-15. Major preferential tax measures for science and technology promotion (as of April, 1991)

Trem Purpose Dreseripian Applicable law | Date of enact-
menUivalidity

Tax Deduction Promotion of 1. Corporations cas deduct 20% of the incremental Special Enacted in Fy
on Experimental | technological increase in research expendiiores from their tax Taxation 1967, elfective
and Research development assessment (with an upper limit of 109% of their tax Measares Law, | throwgh Fy1992
Expense Incre- azsessmenl) provided thal the research expenditures for | Article 10, lem
menis the applicable tax year (the amount debited against 1 [personal

income) exceed the maximum anpual research income tax),

expenditure for all tax years falling berween the standard | Article 424,

tax year (defined below) and the immediately preceding | liems 1,4

business tax year, In addition, corporations may 1eat {corporaie

2% of investmenls in approved experimenial research | income tax)

companies as a research expenditure,

Motes

Applicable tax years:

All basimess years staning berween June 1, 1967 and

March 31, 1993

Standard tax years:

Business tax years immediaicly preceding the business

tx year in which January I, 1967 falls

2 Identical provisions apply 1o individusls
Tax Program for | Promotion of [Mational axes] Special Enacted in
Promaoting the rechnological Taxation FY1985,
R&D of Basic development L. In addifion to the current Dedictions on Measures Law, | effective throogh
Technologies Expertenenial and Research Experse Increments, Article 10, Ilem | Fy1992

corporations may deduct from their tax assesament 7%
of the sequisition cost of assels to be used for RED of
basic technologies, including specialty materials,
sdvanced elecirenics echaology, llécommunicalions
iechnology, and space.development, with an upper limit
of 15% of their 2% assessment.

2. ldentical provisions apply to individuals

2 (persomal
inconse lax)
Article 42.4,
ltem 2
{corporate

imcome Lax)

[local taxes)

3. Corpornations may deduct 7% of the acquisition cost
of assels o be wsed for R&ED of basic technologies [rom
the standard taxation delermined by corporale residential
ax rate, with an spper limit of 15% of the standard
laxation.

Local Taxation
Law,
supplemeniary
Frovisions,
Article 8, liem
|

Emacted in
Fr1985,
effective throagh
¥1992

Tax Program [or
Streagthening the
Technological
Foundation of
Small- and
Medium-scale
Enterpriscs

Promotion of
lechnological
development

[Mational taxes]

I. As am alternative (o aking the Dedueiions on
Experimental Research Expense [ncrements, small- and
medium-scale eaterprises paying corporale income BXes
may choose 1o ke a tax dedection of 6% of their
rescarch cxpenditures, with an wpper limit of 15% of
their tax assessment. [n addition, they may treat 20% of
invesiments in approved experimental research
companics a5 a rescarch expenditure.

2 ldenticsl provisions apply 1o individusls

Special
Taxation
Meazures Law,
Article 10, liem
3 (persomal
income tax),
Arlicle 42-4,
leem 3.4
(corparate
imcome LX)

Enacted in
FYL985,
elfective through
v
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(Tab. 3-3-15)
liem Purpose Descriplion Applicable law | Date of enact-
ment/validity
Measure for Promotion of Members of (ke Mining snd Mapulacturing Epecial Enacted in
Excepiional techmological Technological Research Association may apply special | Taxation FY1961,
Trestment of RED depreciaiion 1o payments levied by the Associstion to Measures Law, | effective through
Fixed Asset aequire fixed asscts for experimental research. Article 18 Frlee2
Acqguisitions for {persanal
Experimental income lax),
R.emrch by the Anicle 52
Miging and {corparale
Indusirial imcome ax)
Techaology
Rescarch The Mining and Industrial Techaology Research Special Esnacted in
Cooperatives Cooperatives may enter the value of fixed assels Taxation Y961,
acquired for experimental rescarch by levy on members | Measures law, | effective through
in its account books as | yen, Article 66-10 Frl9a2
Mecasure for Tax | Premotion of Asscis provided 1o corporations established under Civil | Local Taxation | Fixed asset tax
Exemptions on sgience and Law Article 34 for the parpose of scientific research are | Law, Aricle epacied in
Research Assets | ftechnology exempt from the real estte acquisition oy, fixed asseis | 73-4, liem 1, FY1951; real
of Scientific tax, special land holding tex amd erban planning ux on | Article 348, ealile
Rescarch investments used direcily for that reseanch. Article 536, acquisition tax,
Corporafioas Article T02-2 in FY1954; urban
planning fax, in
FY1956; special
land bolding lax
in F¥1973
Fixed Asset Tax | Promaotion of The standard of assessment for the machinery and Local Taxation | Enacted in
Reduction technological equipment fixed assets approved wader the regulstions of | Law, Fri962,
Measure for development the Mining and Indusirial Technology Besearch Supplementary | applicable io ke
Machines and Cooperatives Law, Article 14 and additionally acquired | Provisions, first 1hree years
Equipment for bevween April 1, 1989 and March 31, 1991 is valued at | Article 15, Iiem | afier acquisition
Rescarch four-fifth of the standard value for period of three years | 26
acquired by the from the year in which tax was firsi levied on the asscl.
Mining and
Imdustrial
Technology
Research
Cooperatives

international cooperation in large-scale projects.

As a result of discussions in the 4th Joint
Working-Level Committee held in July 1991, the
number of cooperative projects totalled 50.

In June 1990, for about 2 months. The
Swummer Institute Program began to accept
graduate students of the U.S. into national
research institutes, etc. in Japan.

The Japan-U.S. Energy R&D Agreement was
revised in February 1990, primarily to keep up
with the changes made in the Japan-U.S. Science
and Technology Cooperation Agreement.

Japan-U.5. cooperative activities in the field

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1991

of space development have been based on the
Japan- U.S. Space Agreement concluded in July
1969, and on the activities of the Senior Standing
Liaison Group, established in July 1979 on the
basis of an agreement between Japan’s Space
Activities Commission and the National
Aeronautics and Space Administration of the
United States.

Further, cooperation in a wide range of science
and technology fields is being encouraged
through the Japan-U.S. Committee on Scientific
Cooperation, the Japan-US. Conference on
Development and Utilization of Natural
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Resources, and the Japan-U.S. Cooperation
Agreement on Nuclear Energy.

In June 1991, the new Japan-France Science
and Technology Cooperation Agreement, a
revision of the old agreement concluded in 1974,
was concluded in order to advance further the
scientific and technological cooperation between
hoth countries. The agreement was revised
hecause of recent progress in science and
technology made in both countries.

ﬂﬂuperatiml with Canada was initiated
through the Science and
Technology consultation that began in 1972
This was superseded in May 1986 by the
Japan-Canada Technology
Cooperation Agreement.

Pursuant to the agreement, which has the goal

Japan-Canada

Seience and

of increasing science and technology cooperation

between the two countries, three joint
committees and one special meeting were held,
with resultant cooperation in a broad range of
fields.

In May 1989, experts from the two countries
compiled the Japan-Canada Complementarity
Slilli}' to explore the

scientific and

priorities for future
technological  cooperation.
Eighteen medium-scale promising fields for joint
research were chosen, and based on these,
researchers from both countries have exchanged
views al workshops in three research fields.

Japan and Germany cooperate in the areas of
nuclear energy, life sciences, ocean science and
technology, ete. based on the ,]aimn—(_}crman}'
Science and Technology Cooperation Agreement
concluded in October 1974 between Japan and
West Germany. After the integration of East and
West Germanies in October 1990, the Agreement
was confirmed to be effective under the entire
territory of integrated Germany. Progress in
cooperation with integrated Germany is expected
in the future,

Japan has concluded science and technology
cooperation agreements with other industrialized
countries; e.g., ltaly and Australia; and
cooperative aclivities in a variety of fields are
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underway based on these agreements. Coopera-
tion with other countries also is underway
through working-level staff activities, including
Anglo-Japanese  Science and Technology
Cooperation Talks between Japanese and UK
officials and the Japanese-Finish Meeting on
Cooperation in Science and Technology, as well
as through Trade and Economic Consultations
with Sweden and Norway.

The Japan-EC Ministerial Meeting and the
Japan-EC High Level Consultation have also
been science and technology
cooperation issues. In addition to the above
cooperalive activities, there exist various
frameworks in science and

taking up

cooperative

technology.

3.3.4.1.2. Cooperation with Developing Nations

Japan is cooperating with the Republic of
Korea, the People’s Republic of China,
Indonesia, Brazil and India in a variety of fields
on the basis of science and technology
agreements.

In November 1970, the nations of Asia and the
Pacific Rim agreed to establish the Association
for Science Cooperation in Asia (ASCA). ASCA
has held eleven plenary meetings since then,
with the objective of heightening scientific and
technological cooperation within the region.

Under the auspices of the Association, Asian
nations have exchanged information on science
and technology policies and R&D plans for the
region, clarified areas of common concern, and
explored measures for advancing cooperation in
science and technology projects.

Iapan has sent representatives to every plenary
meeting and has conducted annual seminars on
specific subjects of major interest to ASCA
member nations. In January 1991, a seminar was
held on addressing global environmental
problems by using earth observation satellites
and a seminar on earthquake prediction and
prevention of earthquake disasters was held in
March 1991.

Science and Technology Agency
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In 1980, Japan also initiated the ASCA
Cooperative Program on  Scientific  and
Technological Information under which Japan
has been supplying science and technology
information to ASCA nations.

3.3.4.1.3. Cooperation with the U.S.S.R. and
Eastern European Nations

Cooperation with the U.SSR. has been
based on the Japan-U.S.SR.
Agreement on Cooperation in Science and
Technology, concluded in October 1973. Under
this agreement. seven joint committees have
been formed and cooperation has been promoted
in the form of exchange of information and
researchers, holding seminars, etc. in the fields

promoted

‘of nuclear fusion, agriculture, ete.

In addition to the above,
exchanges increased
Japan-U.S.5.R. Researcher Exchange Arrange-
ment.

Japan has been cooperating with Eastern
European nations through exchange of
researchers, etc. according to science and
technology cooperation agreements with Poland
and Yllgﬂslavia and science and te:‘:hnnlng};
cooperation
Bulgaria, Czechoslovakia and Hungary.

investigator

have under the

arrangements  with  Romania,

3.3.4.2. Multilateral Cooperation

3.3.4.2.1. International Cooperation Based on
the Economic Summit of the Heads of State or
Government of Seven Major Industrial Nations
and the President of the Commission of the
European Communities

The leaders of the industrialized nations have
been discussing science and technology issues at
Summits every year since French President
Mitterand first raised the subject at the 8th
Summit at Versailles in June 1982,

The Arch Summit initiated cooperation in
expanding global observation and monitoring
activities in response to the problem of global
warming, an issue that has become of increasing

concern in recent years. In July 1990, the nations
at the Houston Summit supported implementa-
tion of scientific and economic surveys and
analyses and development of better data network
infrastructure to address the global warming
phenomenon.

3.3.4.2.2. Cooperation with the United Nations

United Nations committees and organizations
are addressing important issues related to natural
resources, energy, food, climate, environment
and natural disasters, since these problems
require global
perspective.

They are making an effort to contribute to a

solutions derived from a

long-term solution of the North-South problem
by strengthening the science and technology
capabilities of developing nations as these
suffer  the from  the
above-mentioned problems,

nations most

3.3.4.2.3. Cooperation within the Organization
for Economic Cooperation and Development
Cooperation in science and technology related
activities within the Organization for Economic
Cooperation  and (OECD)
framework has been conducted through the
Committee for Scientific and Technological
Policy (CSTP), Committee for Information,
Computer and Communications Policy, Industry
Committee, Environment Committee, Nuclear
Energy Agency (NEA), International Energy
Agency (IEA). Activities include exchanging
opinions, useful experiences, information and

Development

personnel, compiling of statistical information
and being involved in joint research projects,
Following the 1987 OECD Ministerial
Council communiqué recommending a more
in-depth analysis of technology related issues,
the Technology and Economy Program (TEP)
started as a th ree-year project within OECD in
1988, This aimed to
comprehensive picture of the influence of
science and technology on the world's is

woject acquire  a
praj ]
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socioeconomic situation. Several symposia were
held in many countries, one of which is a
symposium on the theme of Technoglobalism
held in Tokyo in March 1990. At the meeting
held in February 1991 in Montreal, the results
of the TEP were synthesized into a report which
was presented to the Secretary-General of OECD,
The main purport of this report was incorporated
in the announcement of OECD’s policy on
technology and economy in its Ministerial
Council in June 1991.

3.3.4.2.4. Promotion of the Human Frontier
Science Program
The Human
(HFSP) is an international program which
promotes, through international cooperation,
basic research focused on the elucidation of the
sophisticated and complex mechanisms of living

Frontier Science Program

OTganisms. The _]apanuar: government proposed
the program at the Venice Economic Summit in
June 1987, as a means for the government to
contribute to the development of international
science and technology in a manner appropriate
to its economic standing. The HFSP also can
help to increase international public assets
through the promotion of basic research and to
make the research results available to all
humankind.

The program and the Japanese initiative
behind it have been lauded by the Economic
Summit member countries. In October 1989, the
organization for the implementation of the
HFSP, the International HFSP Organization
(HFSPO), was established in Strasbourg, France,

The Program offers support for the following
activities,

* Research grants: Subsidies for international
joint research teams

* Long-term and short-term fellowships: Travel
and accommodation subsidies for researchers
who wish to do research in foreign countries

* Workshops:  Subsidies for
workshops

international
The fields eligible for support fall into two
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basic research areas-the elucidation of brain
functions and the elucidation of biological
functions through a molecular level approach.
On the basis of recommendations h}f the
International Scientific Committee, consisting
of eminent scientists, these research areas were
agreed to by the countries concerned.

The Declaration of the Houston Economie
Summit in July 1990 notes with satisfaction the
successful launching of the HFSP and expresses
the hope that it will make positive contributions
to benefit of all mankind.

The HFSPO reperted in March 1991 that 232
researchers from 22 countries had been selected
as the award recipients for the second fiscal year.

3.3.4.3. Promoting International Research
Exchange

For many years, Japan has been cooperating
with other countries in a wide range of fields
within  the of bilateral and
multilateral technological
cooperation agreements. However, Japan needs
to extend its international research exchange to
meet worldwide expectations regarding the
nation’s role and to stimulate Japanese science
and technology within the context of
international cooperation.

Since FY1987, the government has carried out
the bilateral international joint research within
the framework of bilateral science and
technology cooperation agreements, by using the
Special Coordination Funds for Promoting
Science and Technology. To promote effectively
international research exchanges in important
areas of cooperation in view of policy issues
related to science and technology cooperation
agreements, ete., the government started in 1991
the International Workshops Support Program
to hold international workshops in which
researchers may exchange opinions direetly.

In Y1988, the following three programs were
started to increase the acceptance of researchers
from overseas at Japanese R&D organizations.

framework
scientific  and
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* The Science and Technology Agency
Fellowship Program, which provides for the
acceptance of young researchers from overseas
at the national research institutes
The Japan Society for the Promotion of
Science (JSPS) Fellowship for Research in
Japan, which provides for the acceptance of
overseas researchers at Japanese academic
institutions
* The Foreign Researcher Invitation Program
of the Agency of Industrial Science and
Technology (AIST), which provides for the
acceptance of overseas researchers in its
research institutes
In October 1989, the Research Development
Corporation of Japan (JRDC) started the
following new programs to expand international
research exchanges.
» Administration of the Science and Technology
Agency Fellowship Program
* The Support Program, which includes

operating dormitory facilities and providing

practical assistance for overseas researchers
and their families
+ The Research Information Program, which
disseminates scientific and technological
information required to increase the exchange
+ International Joint Research Program, which
initiates joint research with overseas research
organizations.
In addition, other ministries and agencies have
taken to promote international
research cooperation.

measures

3.3.5. A Chronology of Principal R&D
Programs

In the 1960s, Japan began to recognize the
importance  of  independent  technology
development, while Japan had by then proceeded
actively with the introduction of foreign
technology from the U.S. and Europe. A number
of big science projects, including nuclear energy,
space research and similar programs, were
launched during this period.

In FY1966, the Ministry of International
Trade and Industry initiated the Large-scale
Project Program dealing with leading large-scale
industrial technologies, urgently needed for
national economic development. Under this
program, MITI would bear the substantial costs
(investments, long-term commitments and large
financial risks) of such projects that private
enterprise could not independently sustain. The
Ministry of International Trade and Industry
carries out this program systematically and
&ff&ctiv-ﬂly in close cooperation with the national
institutes, private industry and
academic institutions.

Japan’s level of science and tech nology rose
and, accordingly, policy makers began to
recognize a change in the focus from learning
abroad to active research and development at
home. Government reflected  the
increased emphasis placed on basie research or
creative would provide the
environment for the development of new

research

policies

research  that

technologies from the wvery beginning of
research.
The Special Coordination Funds for

Promoting Science and Technology were first
appropriated in FY1981, superseding the
previous Coordination Funds for
Promoting Research. In accordance with the
policy set forth by the CST, the funds are
intended to support comprehensive coordination
of R&D promotion. For example, the funds are
used for comprehensive R&D which cuts across
the  boundaries of existing  research
organizations. By FY1991, the budget for the
Funds had reached 10.5 billion yen.
The funds are administered on the basis of the
following six guiding principles.
* Promoting and basic/generic
research
* Promoting R&D requiring cooperation among
several research institutes
+ Strengthening organic ties among industry,
the government and academia
* Promoting  international

Special

advanced

collaborative
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research projects
« Responding flexibly to urgent research needs
+ Conducting research evaluation, as well as
investigation and amalysis of research and
development

For Japan to establish itself as a mature science
and technology-based nation, it needs to discover
the scientific and technological seeds that
become the starting points for the original
development of innovative new technologies.

In FY1981, this consideration led the
Research Development Corporation of Japan to
set up the Exploratory Research for Advanced
Technology (ERATO) Program to provide for
comprehensive research promotion organized
around the most creative penple. This is
accomplished by appointing distinguished
seientists as overall Managers with
administrative authority over research activities
within a designated area of research in a
humanistic system which utilizes creativity. It
also provides for the procurement of researchers
from industry, government, academia and
OV Erseas,

Currently, 16 projects are underway with
budgets totaling 5.7 billion yen in FY1991. Each
project has a limited duration of five Years and
involves approximately 20 researchers.

The Ministry of International Trade and
Industry initiated the Research and Development
F'rugram on Basic Technologies for Future
Industries in FY1981. This program is conducted
cooperatively with industry, academia and the
government working together in five specialized
R&D  fields specialty
materials, biulu{:hnnlng}r, new functional chips
and software. Research themes to be chosen
should have shown, either theoretically or
experimentally, the potential to be developed as
innovative industrial technologies.

The Institute of Physical and Chemical
Research  initiated the Frontier Research
Program in FY1986. This internationally open
program brings together researchers in many

sufxﬁmutjductivity,

fields outside the framework of existing research
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organizations. The program aims at develuping
new knowledge that will become the foundation
for technological innovations in the next
century.

At present, the project has four active research
groups and has a budget of 2.7 billion yen in
FY1991.

Since FY1988, the Ministry of Posts and
Telecommunications has been conducting
Research on the Frontier of Telecommunica-
tions. The program consists of basic and leading
R&D that incur high financial risks and
long-term commitments far he].rurnd the capacity
of the private-sector.

In FY1979, the Ministry of Health and
Welfare established the Research Grant for
Health Sciences to promote research in the areas
of health, medical care, sanitation, etc.

Further, the Ministry of Construction has
been implementing since 1972 its Compre-
hensive Technological Development Project for
those issues of urgent need which cover
wide-ranging areas of R&D.
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Appendix

Appendix

Changes in R&D expenditures, etc. in Japan

Flow of R&D expenditures in Japan (in FY1989)

Changes in composition ratios of R&D expenditures by character of work
in Japan

Changes in R&D expenditures by financing sector in Japan

Changes in R&D expenditures by performing sector in Japan

Changes in composition ratios of R&D expenditures by constituent
elements in Japan

Changes in number of personnel engaged in R&D activities in Japan
Changes in number of researchers by sector in Japan

R&D expenditures and number of researchers of companies, etc. by
industry in Japan

Changes in ratio of company R&D expenditures to sales figures in Japan
Changes in Japan's technology trade amounts

Changes in technology trade amounts by industry in Japan

Changes in technology trade amounts of Japan by region and country
Japan's technology trade amounts by industry and region (in FY1989)
Deflators of R&D expenditures in Japan
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2. Flow of R&D expenditures in Japan (in FY1989)

Financed by 808 Total  Expendtunsd Flrancad Ex by e
tha private  sacior amount 300,000 feom  ab o & BT (100 million  yen)
duglry 82338
1000
Industry 84,395 Governmant  1HETD
858
8,
Y
-ﬂ.bm;: - T
/ (%)
142 Classification | Finanec- Pear-
Ingtiutions 9,221 ing forming
B Seelor - .
2 Abroad 0 rafio rafig
il . SR ——— - Industry 77.9 75.5
a Linkarnities Government 171 8.5
3 and colleges 13,0
P g TR : Universitics and
o colleges 4.3 12.0
Privats msaarch  insifunons 651 = 4 1 A e Fri:l'nl:lc r:lstar:h
Aproad 2 mslitulions 0.6 4.0
o N X L A Abrond 0.1
Awead 15
Privaln rosemch  etRulions $.418 Total 100.0 100.0

Notes:1. R&D expenditures are for natural sciences only,

2. R&D expenditures are the funds spent by research institutions themselves for research. There are
two concepts of R&D expenditures on a performing basis:disbursement and cost. Japan
considers R&D expenditures to be disbursements. Disbursement includes expenditures on labor,
materials, tangible fixed assets, and so on. In case of cost, it is computed by adding the
depreciation of tangible fixed assets instead of expenditures on the tangible fixed assets.

3. Coverage of each sector is as follows:

(1) Financing sector
1) Industry: companies and public corporations whose major purpose is not in research
activities
2) Government: national and local governments, national, local government-owned research
institutions, research-centered public corporations, and national and public universities and
colleges (including junior colleges, same as in the following)
3) Universities and colleges: private universities and colleges (including junior colleges, same
as in the following)
4) Private research institutions: nonprofit private research institutions

(2) Performing sector
1) Industry. coverage is the same as in the financing sector
2) Government research institutions:national and local government-owned research
institutions and research-cenered public corporations
3} Universities and colleges: national public and private universities and colleges
4) Private research institutions: coverage is the same as in the financing sector

4. Because the figures both of financing and performing ratios have been rounded, the total
of "sectors” does not always equal 100.0%.

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency
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4. Changes in R&D expenditures by financing sector in Japan

{million yen)

Classifi- Mational and local
calion Tatal governmenls Private sector Abroad
Finanec-
R&D Ratio| Financing Ratio Financing Ratio ing Ratio
Fisca expendi- amounl B/A amounl CiA amount | DfA
Year tures (B) {C) ()]
(A}
% % % %
1970 1,195,328 | 100 301,413 25.2 393,485 74.7 428 0.0
71 1,345,919 | 100 369,025 27.4 975,905 12.5 YRR 0.1
T2 1,586,708 | 100 432 068 7.2 1,153,560 T2.7 1,08] 0.1
73 1,980,896 | 100 523 684 26.4 1,456,891 735 1,321 0.1
74 2,421,367 | 100 641,077 26.5 1,778,834 238 1,456 0.1
75 2,621,827 | 100 720,255 27.% 1,899,203 72.4 1,779 0.1
76 2,941,373 | 100 800,386 27.2 2,138,368 717 2,619 0.1
77 3,233,543 | 100 B36,115 27.4 2.343 .68 12.5 3,747 0.1
T8 3,569,953 | 100 999 502 18.0 2.567,390 71.9 1,061 0.1
79 4,063,627 | 100 1,113,822 27.4 2,946,.39] T2:5 3 414 0.1
80 4,683,768 | 100 1,200,557 25.8 31,469,557 74.1 4,655 0.1
g1 5,363,936 | 100 1,340,320 25.0 4,017,752 74.9 5,914 0.1
E2 5,881,539 | 100 1,388,812 23.6 4,486,044 75.3 6,682 0.1
g3 6,503,737 | 100 | 1,440,717 22.2 5.054,895 | 77.7 8,125 0.1
84 T.176,511 100 1,494 546 20.3 5 674,783 T9.1 T, 182 0.1
85 8,116,399 100 1,573,953 19.4 6.534.619 20.5 7.826 Q.1
86 8,414 993 100 1.651,630 19.6 6,755,682 £0.3 7,631 0.1
87 9,016,186 | 100 1,798,270 19.9 210,127 280.0 7. 789 0.1
83 0.775,165 100 1,801,373 18.4 T.965,544 Bl.5 g, 249 0.1
&9 10,909,335 | 100 1,867,836 i7.1 2,031,804 82.8 9,595 0.1

Note: Including social sciences and humanities, B/A in FY1989 is 18.6%.
Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency
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9. R&D expenditures and number of researchers of companies, etc. by industry in Japan

(1) R&D expenditures per researcher (in FY1989)
Mumber of Research Research
companies, elc.| expenditures Mumber of expenditures
Indusiry conduciing re- performed researchers | per researcher
search activities
million yen person million yen
All industries 14,704 8,233,820 294,202 27.99
Agricultare, foresiry and [isheries 16 4,419 286 15.45
Mining 119 24,570 733 33.52
Copstruction 1,611 185,147 7,272 25.46
Manufacluring 12,889 7,706,193 281,247 27.40
Food 1,202 203,596 9,373 21.72
Texiiles 530 81,263 3,413 23,81
Pulp and paper products 267 45,487 1,987 22.89
Printing and publishing 138 33,721 1,497 22.53
Chemicals 1,,638 1,313,882 49,170 26.72
Petroleum and coal products 106 84,199 1,977 42.59
Plastic products 429 120,758 4,237 28.50
Rubber products 156 111,784 4,210 26.55
Ceramics 548 221,424 7.453 29.71
Iron and steel 149 268,131 5,905 45.41
Mon-ferrous metals and produocts 232 127,043 4,216 30.13
Fabricated meial producis 1,289 109,324 5,090 21.48
Ceneral machinery 2418 358,974 24,677 22.65
Electrical machinery 1,996 2,808,123 112,387 24.99
Transport equipment 483 1,244 625 27,993 44.45
Frecision instroments 548 266,110 12,374 21.51
Other manufacturing 760 107,750 5,288 20.38
Transport, communication and public utilily 60 313,492 4,664 67.22

Note: The number of companies, etc. conducting research activities is the number of companies, etc.
which conducted research activities in FY1983. The number of researchers is as of April 1, 1989,
Source: "Report on the Survey of Research and Development” b}} the Statistics Bureau, Management and
Coordination Agency
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{2) Number of researchers per 10-thousand employees (in 1990)
Composition Number of Number of
Mumber of ratio in the employees of | researchers per
lndustry researchers number of | companies, ete. | 10-thousand
researchers conducting employees
RE&ED activities

persons % persons persons
All industries 313,948 100.0 6,597,213 476
Apgriculinre, forestry and [isheries 252 0.1 14,722 171
Mining 680 0.2 27,027 252
Construction 7,533 2.4 558,017 135
Manufaciuring 300,377 95.7 5,204,400 577
Food 9,422 3.0 409,105 230
Textiles 3,929 1.3 140,452 280
Pulp and paper products 2,165 0.7 107,489 201
Printing and publishing 1,246 0.4 21,850 136
Chemicals 52,196 16.6 556,703 238
Petroleum and coal producis 1,999 0.6 43,890 455
Plastic products 4,050 1.3 107,531 37
Rubber products 4,945 1.6 102,811 481
Ceramies 7,716 2.5 207,430 12
Iron and steel 5,945 1.9 240,632 247
Mon-ferrous metals and producis 4,136 1.3 118,671 349
Fabricated metal products 6,446 2.1 252,618 255
General machinery 27,382 8.7 580,322 472
Electrical machinery 119,386 38.0 1,220,187 978
Transpert equipment 29,383 9.4 660,575 445
Precision instrumenis 13,796 d.4 166,013 83l
Oiher manufacturing 6,234 2.0 198,121 315
Transport, communication and public wtility 5,106 1.6 793,047 Gd

Note: Figures are as of April 1, 1990.

Source: "Report on the Survey of Research and Development™ by the Statistics Bureau, Management and

Coordination Agency
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10. Changes in ratio of company R&D expenditures to sales figures in Japan

( %)
Fiscal year

1980 | 1981 | 1982 | 1983 1954 1985 1986 1987 1988 1989

Industiry
All indusiries 148 | 1.62 | L7 | 1.97 1.99 2,31 2.57 2.50 2.60 | 292
Agriculture, foresiry and fishernes 0.17 | .26 | 0.27 | 0.26 0.24 0.24 0.24 0.31 038 | 0.21
Mining 0.52 | 046 | 0.64 | 0.50 0.63 1.03 1.16 1.01 1.27 0.94
Construciion 0.46 0.37 0.43 | 0.53 0.47 0.49 0.55 0.51 0.49 0.52
Manulaciuring 1.73 1.91 215 2.31 2.34 2.69 3.03 314 3.15 1.29
Food 0.58 0.55% 0.63 | 0.70 .60 0.77 0.85 0.99 0.89 L.07
Textiles 0.77 1.0%9 1.13 | 0.90 1.16 1.18 1.23 1.42 1.50 L
Pulp and paper products 0.41 | 0.43 | 0.52 | 0.63 0.66 071 .80 0.77 0.87 | 0.7%
Printing and publishing 0.26 | ®.210 | 0.39 | 0.43 | 0.61 0.68 | 0.64 | 0.80 0.63 | 0.71
Chemicals 2.55 | 2,87 | 3.05 | 3.34 348 379 4.31 4.53 4.63 | 4.84
lndustrial chemicals and chemical fibers 1.85 | 2.01 217 2.32 2.47 2.80 3.56 3.76 3.92 4.09
Oils and paints 248 | 2.56 | 2.66 | 2.83 3.00 3.14 342 3.85 3.74 393
Drugs and medicines 545 | 585 | 5.556 | 6.59 5.49 7.04 5.89 5.96 6.94 | 1.50
Oiber chemicals 2.19 3.03 3,43 | 3.40 3.76 161 187 4.00 4.11 4.11
Petroleum and coal products 030 | 0,18 | 0.20 | 026 0.27 0.33 .62 0.64 0.83 072
Plaztie products . - - . 1.94 L.T5 2.09 2.16 2.21 2.73
Rubber products 2.10 233 2.47 2.40 2.62 2.86 2.92 3.25 3.19 3.25
Ceramics 1.30 | 1.39 | L.64 | 1.82 1.96 2.61 2.87 2.82 273 | 2T
Iron and sieel 1.14 1.30 | 1.50 | l.60 1.52 1.94 2.54 2.40 2.13 2.21
MNon-fermous meials and products 1.03 | L.36 | L5T | 149 | 1.64 1.92 | 211 1.90 200 | 1.91
Fabricated metal products 1.15 1.22 1.43 | 1.31 1.46 1.59 1.61 1.50 1.48 1.36
General machinery 1.90 | 2.10 | 2.34 | 2,57 2.59 2.74 2.7 2.99 2.60 | 2.83
Electrical machinery 371 | 4.06 | 4.52 | 4.70 4.55 510 5.50 5.6l 553 | 5.8%

Elecirical mlchiﬂffﬁ',ﬂ'qﬂipmclllnd ""F’F”tﬂ 3.35 1.B0 4.17 4.40 &.45 4. 82 £.23 526 5.25 547
Communication and electronics equipment | 394 | 421 [ 4.72 [ 485 | 460 | 525 | se3 | 578 | se6 |60

Transport equipment 2.34 | 262 | 2.69 | 266 2.76 2.90 321 3.22 131 340
Maotor vebicles 2.38 | 282 | 202 | 289 2.90 2.06 3.20 317 131 3.48
Other transport equipment 2.15 | 1.94 | 1.67 | L.B6 | Z.20 2.61 | 3.28 | 3.45 331 | 2.93

Precision instruments 3.02 | 3.47 | 3.97 | 4.02 4.08 4.49 4,59 491 4.85 5.16

Other manufacturing .16 | 1.11 | 1.3¢ | 1.30 | ©0.92 0.97 1.07 | La2 1.14 | 1.19

Transport, communicaiion and peblic wiilities 032 | 0.39 | 0,32 | 0.36 0,84 0.98 0.5 0.84 0.95 1.06

Notes: 1. Figures are the ratio of R&D expenditures spent by themselves to sales amount.
2. Figures are for companies only, excluding public corporations.

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency
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Appendix

12. Changes in technology trade amounts by industry in Japan

(1) Technology export amounts

Fiscal Year {980 1981 1982 1983 1984

Industry
All industries 159,612 175,106 184,921 240,887 277,512
Munufacturing 133,274 151,783 164,058 209,699 231,860
Food 2,169 3,689 4,720 3,640 6,820
Textiles 3,169 4,929 6,256 2,189 3,855
Chemicals 31,876 31,951 19,409 31,443 317,502
Ceramiecs 7,989 4,817 6,271 9,642 11,238
Iron and stecl 17,856 24,501 29,047 40,151 32,395
Mon-ferrous metals and products 1,663 2,057 3,034 2,349 1,924
Fabriested metal products 1,221 214 1,862 1,529 1,275
General machinery 9.621 5,336 5,249 10,717 11,396
Electrical machinery 23,045 218,666 315,484 35,551 47,130
Transport equipment 21,758 27,693 28,698 28,951 39,784
Precision instruments E73 2,900 2,418 4,037 1,802
Oiher manufsciuring 10,033 14,331 11,611 39,500 36,721
Conatruction 25,399 22,326 19,145 29,9455 14,638
Diher non-manufaciuring 938 996 1,781 1,233 1,014

(2) Technology import amounts

Fiscal Year 1980 1981 1982 1983 1984
Industry

All industrics 239,529 259,632 282,613 279,280 281,447
Manufaciuring 233,185 255,606 278,075 172,818 176,295
Food 9,642 10,609 11,286 &.690 9,480
Textiles 2,233 8,722 7.821 5,543 9,447
Chemicals JY 252 37110 45,8680 42,280 40,763
Ceramica 9,612 10,237 10,759 6,731 8,378
Iron and sieel E,023 14,808 7,800 17,581 5,562
Non-ferrous metals and products 3,690 3.623 3,196 3,651 5,100
Fabricated metal products 4,440 2,814 3,057 2,601 3,606
General machinery 30,209 30,810 27,405 28,493 23,905
Electrical muchinery 61,676 68,814 9,158 21,921 94 907
Transporl equipment 40,274 48,674 56,413 46,916 55,243
Precision insirumenis 2,948 3,769 3,515 4,405 4,386
Other manufacturing 21,185 15,613 16,606 14,027 16,116
Construction 2.707 2,918 2.298 4,397 2,294
Other non-manufaciuring 3,637 1,109 2,129 2,046 2,258

Source: "Report on the Survey of Research and Development” by the Statistics Bureau,
Management and Coordination Agency
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Appendix

{ million yen)
1985 198¢ 1987 1988 1989
Compo- | Ratio 10 | Amounts | Percentage
sition the per anc af
fitio | previous | coniracl | receipts to
(%) yesr | (millien | R&D expen-
yen) ditures (%)
234,270 224,078 215,575 246,255 329,348 100 1.34 41.8 3.4
205,588 193,483 200,772 228, 557 316,241 94.0 1.8 43.4 53
6,139 4,945 4,982 3,787 8,337 2.5 1.44 58.7 2.1
4,001 4,633 4,385 4,361 4,648 1.4 1.07 13.0 g.8
38,233 18,235 39,295 48,100 53,616 16.3 1.11 41.3 5.8
9,450 5,468 6,194 5,713 9,025 2.7 1.58 35.8 6.4
26,195 21,540 9,993 10,798 21,572 &§.5 2.00 39.2 3.3
1,947 3,586 2,614 2,011 7,054 2.1 3.51 26.4 6.7
2,394 1,525 1,291 1,147 2,004 0.6 1.75 4.9 5.1
11,714 6,808 8,741 10,318 13,210 4.0 I.22 17.0 4.5
39,460 53,001 61,126 68,795 86,708 26,3 1.26 52.0 3.8
32,386 43,840 49,213 58,404 87,126 26.5 1.49 112.1 1.6
1,125 1,850 2,921 4,611 12,556 3.8 2.T2 39.2 4.8
11,946 8,055 10,017 8,002 10,383 3.2 1.30 22.2 1.6
26,530 20,8315 12,801 16,797 12,448 3.8 0.74 56.8 18.1
2,101 9,759 1,002 201 659 0.2 0.73 12.2 0.3
{ million yen)
1985 1986 1987 1988 1989
Compe- |Ratio to the| Amounis per | Percentage of
sition previous | one contract |  payments to
ratio (%) year {million yen) | R&D expendi-
tures (%)
293,173 260,577 283,245 312,195 329,925 100 .06 4.4 5.4
288,628 258,193 280,994 309,490 326,901 99.1 1.06 48.2 5.5
10,422 10,793 2,785 13,397 82,471 2.6 0.63 1.1 11.0
3,287 3,246 3,683 4,910 4,847 P 0.99 51.0 12.4
37,387 40,583 40,554 50,335 56,866 17.2 1.13 6.4 6.2
32,404 6,589 §,554 3,735 4,092 1.2 1.10 23.5 z.9
4,698 5,780 8,013 71,867 4,776 l.4 0.61 14.9 2.0
5,078 4,158 10,719 14,619 10,702 3.2 0.73 48.4 10.8
1,922 3,091 2,901 2,166 2,279 0.7 [.05 14.8 1.9
24,483 25,413 21,298 22,592 31,986 10.0 [.46 26.0 1.0
84,197 91,264 109,455 113,778 120,553 36.5 1.06 66.1 4.9
59,704 49,045 48 751 51,955 54,912 16.6 1.06 &7.0 5.0
5,059 4,154 6,677 7,265 §,302 2.5 1.14 28.6 4.0
17,987 14,275 12,606 16,871 18,115 5.5 1.07 1.6 5.1
3,474 1,755 934 Bad 2,043 0.6 2.11 7.0 Fi
1,070 428 1,036 1,739 9E1 0.3 0.56 21.8 2.3
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