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The Relationship between Young People and Science and Technology

Part 1
The Relationship between Young
People and Science and Technology

Introduction

The role played by science and rechnology on che
social and economic development of Japan until che
present has been very greac. At the time of the
establishment of the Meiji Government, as
development and diffusion of science and
technology were promoting rapid modernization in
Europe and America through the Industrial
Revolution, Japan was clearly lagging behind in the
area of science and technology. In response to this,
the Meiji Government incroduced the advanced
science and technology from Europe and Amenca,
trying from an early stage to raise che level of
science and technology by sending students abroad
to study, inviting scientists and engineers from
Europe and America, and preparing organizations
of higher education in the fields of science and
engineering. In the post-war period, the promotion
of science and rechnology was encouraged for
economic development and the solution of various
social problems and the building rhe economic
power and affluent lifestyle enjoyed by Japanese
today.

In the background of the previously mentioned
development of Japan, it can be said that chere were
expectations regarding science and technology
among the Japanese people as a means of closing
the gap existing between Japan and the advanced
nations of Europe and America through the efforts
of the scientists and engineers whose training had
been encouraged ever since the Meiji Era and by
raising of level in science and rechnology.

Today, Japan has a very affluent lifescyle in the

material sense as a result of the efforts in che past,
and the level of science and technology in Japan has
macde Japan a world leader in many fields in che
private industrial sector. However, viewed from an
global perspective, we can see thar people on earth
are confronted with many global problems such as
world environmental problems that chreaten cthe
very existence of mankind. On a domestic
perspective, Japan is being forced to solve new
problems, such as the rapidly aging society,
declining birchrate, and a decreased in the number
of the workforce.

It will be difficule to come to terms with many of
these domestic and  international  problems
confronting Japan without further developmencs in
science and technology. To enjoy a peaceful and
affluent lifeseyle in future, it is indispensable that
we strive to further encourage the development of
science and technology and use the resules of this
development to overcome the new problems facing
the nation.

On the other hand, looking at the current social
situation in Japan, we can see a decrease in the
percentage of young people showing an interest in
news and rtopics centering around science and
technology, and the declining popularity of science
and technology among young people has become a
topic of discussion.

Until recently, the interest of Japanese young
people in science and technology was high, and chis
tendency was considered to be only natural. The
large number of young people showing an incerest
in science and technology is the main reason why
Japan has been blessed with such a large number of

human resources for science and technology with
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The Relationship between Young People and Science and Technology

dreams and passions related to the field of science
Also it i1s the reason why the
Japanese people as a whole have been able to so

and rechnology.

appropriately apply the results of science and
technology to pracrical problems.

However, the interese of young people in science
and technology, which until recently had been
considered to be only natural, is beginning to wane,
and with this transition, it is likely that problems
will develop related to the future of Japan in such
forms as a lack of human resources for science and
technology or a decrease in the overall national
interest regarding chis area.

Especially, problems related to securing human
resources for science and technology in future, are
l‘:—e::in]_,r dealt with as in‘tpurtanl: pﬂlir:!'c!t by the
government and by General Guideline for Science
and Technology Policy (approved by the cabinet of
the Government of Japan on April 24, 1992). In
addition, on December 2, 1992, to establish a basic
policy in relation to securing human resources for
science and technology, a Council for Science and
consulted  inquiry No.20
*Comprehensive Basic Policy for Securing Scientific
and Technological Personnel”.

Technology  was

Part one of this White Paper will focus on the
phenomenon known as the “declining popularity of
science and technology”, and will investigare its
problem and the background surrounding it. This
will also provide the Council for Science and
Technology material for discussion, and it will be
used as an opportunity to deepen the discussion in
Japanese society as the copics that should be
addressed by persons in the hield of science and
technology and by the Japanese as a whole.

1.1 Trends in the Declining
Popularity of Science and
Technology among Young People

Recently, a tendency of reduction in the interest
young people in regard to science and
technology by the younger generation, and concern
has held among those in related fields towards this
phenomenon as the “declining popularity of science
and technology among young people”, especially

among

from the viewpoint of securing human resources for
science and technology in the furture. In Science
and Technology Agency survey commissioned in
May 1993 surveying 1,457 researchers (1,001
respondents) from cthe industry, academia and
government  entitled “Survey on High Tech
Researchers and Engineers” 71.3% of the
researchers said thar they fele the phenomenon of
the declining popularity of science and technology
among young people.

In this chapter, in addition to an analysis of signs
and characteristics of the phenomenon known as the
“declining popularity of science and technology
among young people”, future concerns are also
investigared.

1.1.1 Signs of the Declining
Popularity of Science and
Technology among Young People

1.1.1.1 Trends in the Youth's Interest in
News and Topics Related to Science and
Technology

Let's take a look at the trends in che intereses of
the young concerning science and technology
related news and topics from the standpoint of such
surveys as the “Survey on Science & Technology and
Society” implemented by the Prime Minister's
Office and “The Comparative
Research on Public Underscanding of Science and
Technology” Science and Technology Agency,
implemented by the Science and Technology Policy.

In 1981, the percent of those in their 20s which
showed an interest in news and topics related to

International

Science and Technology Agency
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science and technology was relatively high among
adults, but by 1987 a decrease could already be
seen. Resules showed a large decrease from 55.3%
in 1981 to 41.3% in 1991, and those in their 20s
become the least interested among the adults
regarding cthese topics in both 1990 and 1991
(Figure 1-1-1).

Though a deviarion can be seen in the percent of
people who show an interest in science and
technology among 30s, 40s and 50s age groups a
gradual increase, as a general rendency, can be seen
since the early 1980s (Figure 1-1-1).

In regard to the change in cthe degree of interest
showed towards science and rtechnology for the
group in their teens, not enough data could be
obtained during in these surveys. However, the
dara obtained that showed that a decrease in the
percent of the readership of a certain sciencific
magazine of this age group (primarily those in the
older half of this age group) has been decreasing
ever since the early 1980s.

In addition, similar data was obtained from a
different science magazine, making it possible to
estimate that members of this group showing an
interest in science and technology has also decreased
in the same way as in the 20s age group (Figure 1-
1-2).

As mentioned previously, there is a recent overall
transition towards a gradual rise in the interest
showed by members of age groups above 30 years of
age concerning news and topics related to science
and technology, while at the same time a decrease
in interese can be seen only in the group in their
20s. This suggests that the tendency rowards a
declining popularity of science and technology is a
phenomenon that can only be seen in the young
members of the adult group.

1.1.1.2 Trends in Choices of Higher
Education and Employment among
Young People

1.1.1.21 Trends in the Applications to
University Faculties

To grasp the trends in course selection of recent
university applicants, the rransition in cthe

percentage of university applicants to going into
various academic departments such as engineering,
science, science and engineering, law, economics,
management and commerce were calculated based
on the “"Choice of University Applicants among
Fields of Study” survey of the National Instituce of
Science and Technology Policy of the Science and
Technology Agency and the “Report on School
Basic Survey” of the Ministry of Education (Figure
1-1-3).

According to these calculations, there was an
increase in the percentage of applicants entering the
engineering development rhat coincided with the
process of recovery in the manufacturing industries
from the economic recessions caused in Japan by the
rwo consecutive oil crises thar occurred during the
1970s. After this, however, despite the face that the
Japanese economy continued rto flourish, and there
was a transition to a high level of demand for
science and technology personnel among the
manufacturers, in the latcer half of the 1980s, the
number of applicants entering the engineering
department began rto show a decrease.  This
tendency was especially evident in the period from
1988 to 1990, and after which the speed of the
decrease in the percentage of applicants gradually
slowed, and continued until 1992. In addition the
percentage of applicants entering the science
deparement has also decreased continuously ever
since 1988, along with applicants going into the
science and engineering departments which have
shown a decline ever since 1987 after a trend
towards increase that lasted up until 1985 In
contrast, it was noticed that the percentage of
applicants going into the economic department has
increased sharply during 1987-1990 period.

The above-mentioned circumstances seems to
suggest thar there is a rtendency rtowards the
declining popularity of science and technology

among the Young People.

1.1.1.22 Trends in
Students Majoring
Engineering

To understand the recent trends regarding the
entry of science and engineering students into

Employment of
in Science and
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Enterprise’s Research and Development”, 75.9% of
the enterprises that responded felt that there was a
declining popularity of manufacturing indusery
among science and engineering graduares several
years ago. In the middle of the current recession,
with many enterprises trying to cur down on the
number of new employees, 48.2% can still sense
this trend. In addition, 61.0% of the enterprises
that responded to this survey fele thar this trend
would either continue or resurpass in future (Figure
1-1-7).

Currently, with economic activity being sluggish
and the employment market for new graduares
developing into a buyer’s market, less acrention is
being paid to the declining popularity of the
manufacturing
engineering graduates. However, based only on the
previously mentioned viewpoint it is possible to
suggest that the rtendency continues in  che
consciousness of science and engineering students of

industries among  science  and

not regarding manufacturing  industries  as
(%)
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arcractive a place of employment compared to the
past. With a decrease in the number of young
people as seen over the long term, the buyer's
marker of today'’s new graduare employment market
is expected to recurn to a sellers market once again.
In consideration of this fact, there is grear concern
that the manufacturing induseries will once again
face grear difficulties in getting a sufficient number
of science and engineering graduates.

The manufacturing industries provide us with
resulting from the fruits of science and rechnology,
and can be considered to be one of the most typical
proponents of activities in science and rechnology.
If there was a tendency for that the manufacruring
industries has lost their appeal even more than
before, even by those who are directly involved in
science and technology, it is possible to suggest that
there is an overall tendency of the declining
popularicy of science and technology among young
people.

I Tatal
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Figure 1-1-7 Percentage of private enterprises which are aware of declining popularity of the
| manufacturing industry among science and engineering graduates

Source: Science and Technology Agency, “Survey on Private Enterprises’Research and Development(FY 1993)".
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to 47,286. The' number of applicants for
engineering and rechnology course decreased from
81,000 in 1985 to 67,000 in 1989,

Finally, in the report entitled “Technology and
the Economy: The Key Relationship” released by
the Organization for Economic Cooperation and
Development (OECD) in 1992, che same tendency
thar is being seen in the United States and United
Kingdom can be seen in such countries as Canada
and Icaly.

1.1.2 Features of the Declining
Popularity of Science and
Technology among Young People

1.1.2.1 Two Aspects of the Interest in
Science and Technology

As mentioned in the previous chapter, it is
possible to see a decrease in the interest of cthe youth
in relation to science and rechnology in terms of
showing an interest in news and topics related to
science and technology and in terms of academic
course selections. However, there are no signs that
the young are negative in regard to the use of the
results of science and rechnology. Young people are
the most positive in accepting personal computers
and word processors which are the products of
advanced science and technology, into everyday life
(Figure 1-1-9),

The fact that the young are showing a self-
contradictory stance in relation to science and
technology indicates chat there is no simple
structure in the incerest in science and technology
measured by a single mechod.

In the survey entitled "How the Information on
Science and Technology Activities Should be Send
to Younger Generations” compiled by National
Institute of Science and Technology Policy of
Science and Technology Agency, it was made clear
that the interest held by the young people in
relation to science and technology is nor resericred
to one area, bur racher can be divided into two basic
representative ways. One is the consciousness or
ateitude of “interest in the direction of new science

and rtechnology” and “reading with inceresc

newspaper arricles related o science and
technology”, and the other i1s “appreciating the fact
that life becomes more comfortable with the new
developments in computers” or “appreciating the
speeding up  of transportation through che
development of new technologies, such as linear
motor cars”. The first of these arricudes can be said
ro have a strong connection with people’s decision
in regard o education or career path selection.

The fact that young people are very enthusiastic
regarding using the results of the latest science and
technology. On the other hand, they show liccle
interest in news and topics related o science and
technology. This is quite underscandable when one
understands the two-sided viewpoint which exists
among  young
technology.

In this section che enchusiastic atticude in terms

people concerning science and

of wanting to know abour and becoming involved
with the activities of scientists and engineers, or
about the manufacruring process, construction and
goods,

represented by such comments as “I'm interested in

working principle of manufacrured
the direction of new science and technology”, I
will select a furure in the field of science and
technology”, I think science 1s interescing”, “I am
interested  in the  manufacturing  method,
construction  and  working  principle  of
manufacrured goods”, will be referred to as "acrive
interest” in science and technology (Table 1-1-10).

On the other hand, those people who are
enthusiastic abour the use of the resules of the larest
technology as convenient tools or products, but do
not have a conscious image of these goods as being
products of science and technology, will be called a
“receptive actitude” concerning the results of
science and rechnology (Table 1-1-10).

If we follow this line of thinking, people who
show a “receptive attitude” to the results of science
and technology withour having an “active inrerest”
in science and technology” are enthusiastic about
incorporating the results of advanced technology,
such as personal computers and word processors
into their jobs and daily life. However, they show
almost no interest in the activities of the scientists
and engineers involved in the development of these
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products or in anything other than the basic
knowledge necessary to use the produces, such as
manufacturing process, Construction Of Operation
principle. They simply regard these products as
CONVENIent,

The young people are very enthusiastic as regards
the use of personal computers and word processors
but show litcle interest in news and topics related
to science and rechnology. This can be seen as
straying away from a future science and technology.
Their “receptive attitude” concerning the results of
but  they are
gradually losing any “active interest” in science and

science and technology strong
technology. In other words, the true nature of the
change in the consciousness of youth thac has been
referred to as the “declining popularity of science
and rechnology” among young people, is a decrease
in “active interest”, and does not imply thar cthe
young have any negative attitudes regarding the use
of the resules of science and technology.

1.1.2.2 Shifts in Active Interest in
Science and Technology by Age Group

1.1.2.2.1 Changes occurring in the 1980s

The following is an analysis of the changes that
occurred regarding in the “active interest” in
science and technology for each of the different age
groups in their veens, 20s, 30s, 40s, 50s, in 1981.
This analysis focuses mainly on the 1980s,

Dara was collected in 1981 as regards the
“interest concerning news and topics related rto
science and technology™ for the 20s, 30s, 40s, and
50s, and ten years lacer for chese same groups chac
were now in their 30s, 40s, 50s, 60s in 1991
regarding “interest concerning news and topics
related to science and technology” and “whecher
they liked or disliked science as a primary school
student” (Table 1-1-11). The attitudes regarding
“interest concerning news and topics related to

Table 1-1-11 Shifts in interest concerning news and topics related to science
and technology according to age group

An tha time of el- i ;
o [emenanscna | Qe | DT | Geenen | leeonnn | (eospan
105 in 1981 52.1 41.3 s Pr ﬁ
20 in 1981 50.6 55.3" 54.4 ___,../""’
303 in 1981 471 - 2.9 59.8
405 in 1981 50.9 R sy 55.1" 63.1
50s in 1981 463 T ] — 49.9* 53.2

Motes: 1. The percentage of those who responded to the question “When you were in elementary school
did you like science?” with “Yes, vary much” or “Yes" (Survey date: November 1991).
The figure in the * Xs in 1981" column is a ratio arrived at by a survey carried out in November

1991 of the X + 10 years age group.

2. The percentage of those who responded to the question “Are you interested in news and topics
related to science and technology?” with “Yes, very much” or “Yes, to some extent” (Survey
date: December 1981 (The figure marked with a *) and November 1991).
The figure in the “Xs" column for the “Xs of 1981" by a survey of the Xs group conducted in
December 1981. Similarly, the figure in the “X + 10 year age group” column is a ratio arrived at
by a survey on the X + 10 year age group carried out in November 1991.

Sources: Science and Technology Agency, Mational Institute of Science and Technology Policy, “The

International Comparative Research on Public Understanding of Science and Technology (FY

1861)".

Prime Minister's Office “"Survey on Science & Technology and Society”.
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(%)
59 “Do you think carmying out scientific research would be an interesting
occupation?{Gth year primary and Ist year junior high schoo! students)
G:gﬂ {see note 1)
e Do you think warking in a scientific research center would be an
40 n interesting ocoupation?{3rd year junior high school and Ist and 3nd
e year senior high school studenis) (see note 1)
n 9
35 i
7 ; a0
m -
3 “!EIaul'mar:l'l'cau"_.rI
. schoal) ! {Lower middle school) ' (Upper middle school)

6 1 2 3 1 2 a (school year)

Figure 1-1-13 Interest of school children and high school students in science and technology

Notes: 1. The percentage of people who replied “yes” or “maybe” to this question.
2. The percentage of people who replied “bocks about science” in response to
the question, “What sort of books do you read?
Choose the type of book that you read the most.”
(The other options were “tales, novels, biographies, etc.,” “sports, etc.,” “other kinds of books”
and “don't read much at all.”)
3. The symbols O, and [lindicate resullts from the same follow-up survey populations.
4. The figures next to the symbols (), A and M indicate the years in which the follow-up surveys
were undertaken.
Sources: Ministry of Education, Mational Institute for Educational Research, “Report on Science and
Mathematics Study (1990, 91, 93)" and “The Reports of the Longitudinal Studies of Japanese
Youth on Science and Mathematics(1992)".

Concerning Science Study” and the Ministry of

Inseiture for Educational

1.1.2.2.2 Relationship of Those in Their
Teens

Educarion, Mational

Research “Report on Science and Mathemartics

In cthis analysis, the possibility was expressed that
a decrease in “acrive interest” in science and
technology occurs during the process of growth of
those who were in their teens in 1981 to these in
their twenty. To investigate whether or not che
same phenomenon is taking place among che
minors of today, we had a look at che relationship
berween age and the "active interest” in science and
technology of minors today, and an analysis was
conducted based on dara choughe to be related o
“active interest” in science and rechnology using
the: Tokyo Metropolitan Institute for Educational
Research and In-service Training “A Research on
Various Kinds of Pupils Practical Abilicies

Study” and “The Reports of the Longitudinal Study
of Japanese Yourh on Science and Machemarics”.

Figure 1-1-12 shows the results of an
investigation into the percentage of students in
primary and junior high school thae like science
studies in each year of school. Although a tendency
can be seen in other subjeces thae the percentage of
students who like a subject decrease with age, a
rapid decrease can be seen in the percentage of
students who like science in the period berween the
sixth year of primary school and the third year of
junior high schoal.

Figure 1-1-13 shows the results of a tracking
survey targeted ar students from che chird grade of
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percentage of those considering entering the science
department decreases in relation those considering
entering the liberal arcs deparement.

For an overall look at the data related to primary,
and senior high school
proportion of students expressing an
interest” 0 science  and
tendency to decrease as rthose in their teens get
older.

In regard to the trend whether primary school
students like science or not, as shown in Table 1-1-
11, very little difference could be between those in
their 50s in 1981 who were in primary school
during the 1930s and those in their teens in 1981
who were in primary school during the 1970s. The
proportion that selected "I liked it very much” or
“I liked it" was roughly 59% for both groups.

According to “A Besearch on Various Kinds of
Pupil's Practical Abilities Concerning Science
Study” (FY 1987) of the Tokyo Municipal Insticute
for Educational Research and In-service Training, in
response to the statement "I like science”, 82% of
fourch graders, 80% of fitth graders and 70% of
sixth graders said chac this statement “corresponded
well” with their opinion or “basically corresponded”
with their opinion (Figure 1-1-12). According to
the “Longitudinal Scudy of Japanese Youth on
Science and Mathematics” (FY 1990, 1991) of
Ministry of Education National Institure for
Educational Research, in response to the statement
“I find science interesting”, 80.5% of fifth graders
and 73.2% of sixth graders responded “I think so”
(Figure 1-1-13).

Oanly looking ar chis enthusiasm as regards to
science study might lead one to believe thar "active
interest” in science and rechnology remains ever
now at a relacively high level among those in their
teens. However, this high level of interest has
stopped having a direct link to a high level of
interest after becoming adults.
teenagers progress into adulthood, the decrease in
“acrive interest” in science and technology can be
clearly seen.

junior students, the

“active
technology shows a

Actually, as

1.1.2.3 Differences between the Sexes

According to “The International Comparative
Research on Public Understanding of Science and
Technology” of the MNational Institute of Science
and Technology Policy of the Science and
Technology Agency, the interest of females in Japan
regarding news and topics concerning science and
technology is extremely low compared with the to
males (Figure 1-1-13).

This investigarion indicares that, in Japan, there
15 an extremely large difference in the degree of
“acrive interest concerning science and technology”
between males and females. In the same survey, the
data shown in Table 1-1-16 was obtained showing
resules of efforts to make a comparison berween the
United States and Japan concerning the difference
between males and females regarding the level of
interest in news and topics concerning science and
technology. Ir is difficult to make a comparison
between Japan and the United states concerning
their absolure levels of interest in news and topics
concerning science and rechnology, because of
differences in the number and content of the
questions that appeared in the American and
Japanese surveys, bur it is still quite clear thar the
difference between males and females regarding the
level of interest concerning news and topics relared
to science and technology i1s much greater in Japan
than in the United Staces.

It seems that the level of “active interest” in
science and rechnology has a large influence on the
state of those entering science and rechnology
related fields. From this viewpoint, the state of
females entering science and technology related
fields can be viewed.

Look at the state in Japan of females entering
science and technology relared fields in comparison
to those entering other fields, consulting the survey
“Female Researchers in Japan” of the National
Institute of Science and Technology Policy of the
Science and Technology Agency. The percentage or
women in undergraduare, masters degree and
doctoral degree programs in  nacural sciences
faculties (namely, those of sciences, engineering,
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Figure 1-1-18 Percentage of women according to profession (1992)

Mote: Only applies to regularly employed women.

Source: Science and Technology Agency, National Institute of Science and Technology Policy “Female

Researchers in Japan (FY 1993)".

Reference: Management and Coordination Agency, Statistics Bureau, "Annual Report on the Labour

Force Survey”.

agriculture and medicine) are 17.1%, 8.4%, and
11.9%, respectively. This is extremely low in
comparison to the percentage of women involved in
the department of literarure and social sciences
(Figure 1-1-17 (1)). Within the field of narural
sciences itself, the number of women entering
engineering faculty is noticeably few (Figure 1-1-17
(2)). Furthermore, a look ac the percentage of
positions occupied by women for each profession in
society will show that the percentage of women
among the roral number of those engaged in

engineering profession is 7.5%, which is low in
comparison to the percentage of women involved in
other professions (Figure 1-1-18).

Taking a comparative look at the percentage of
women entering science and technology fields
relative to the percentage in the advanced nations of
the United States and Europe, according to the
“International Comparison of Educational Indicator”
compiled by the Ministry of Education, the
percentage of women thar make up rhose students
specializing in sciences enrolled atr institutions of
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higher education are 35.1% in the United
Kingdom and 29.7 in the former West German
Republic, in comparison to 19.5% for Japan.
Moreover, the percentage made up by women of
those specializing in engineering was 12.1% in the
United Kingdom, 12.3% in the former West
German Republic, and only 6.2% in Japan (Table
1-1-19).
“Female Researchers in Japan” of the National
Institute of Science and Technology Policy of the
Science and Technology Agency, in the United
States, the percentage of degree (bachelor degree)
recipients made up by women in the nartural

In addition, according to the survey

sciences is 30.4%, while in Japan it is 12.6%
(Figure 1-1-20). Furthermore, this survey clearly
showed that the percentage of researchers in the
natural sciences faculties comprised by women in
the United States 15 9.5%, while it is only 5.9% in
Japan (Figure 1-1-21).

It can be seen, cherefore, thac the entrance of
women in Japan into science and technology related
fields is extremely low in comparison to other fields
of study and in comparison to the same field in the
advanced nations of the United Stares and Europe.
This fact shows that “active interest” in science and
technology among women in Japan is quite low.

Table 1-1-19 International comparison of ratio of women scholars in higher
education by major field of study

(person)
Medical
’ ; : Dental
Country FY Sex Total Science  Enginee- Agricul- Pha Othars
nng ture sutical
Haaith
Japan 1901 Men 1,519,229 56,195 419,094 54107 73,703 916,130
Women 1,050,740 13,178 27.480 17,685 70,796 &21,601
Total 2,569,960 B9.373 445,574 71,792 144,499 1.837.731
Ratio of 40.9 19.0 6.2 248 49.0 50.1
women(%s)
United 1989 Men 322,600 £3.000 63,700 4,500 17,700 173,700
Kingdom
Women 289,900 34,100 8,800 3,300 26,200 217,500
Total 612500 97,100 72,500 7,800 43,900 351,200
Ratio of 47.3 351 12.1 423 59.7 55.6
women(%a)
Former 1989 Man 929,334 163,852 280,503 20,657 59,685 404,697
West
Germany Women 575,169 64, 102 39,386 13,862 50,463 402,356
Total 1,504,563 232,854 319,889 34519 110,148 807,063
Ratio of 382 8.7 12.3 40.2 45,8 409
wormen{%)

MNote: Japan = Number of scholars in university departments, main junior college sections and fourth or

fifth year of vocational high schools.

United Kingdom = Number of full-time scholars at the departmental level in universities (excluding public

universities), polytechnic and higher education colleges.

Former West Germany — Number of students during winter term at universities and vocational high schools.
In terms of departments outside of education and teacher's training, individuals
aiming to obtain teacher certifications are included under each major.

Source: Ministry of Education “International Comparison on Educational Indicator”.
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Figure 1-1-20 Comparison between Japan and the United States on proportion of women
with bachelors degrees by major

MNote: Does not include psychology and sociology.
Source: Science and Technology Agency, National Institute of Science and Technology Policy, "Female
Researchers in Japan (FY 1993)".
Reference: Ministry of Education “Report on School Basic Survey” and U.S. National Science Foundation
“Women and Minorities in S&E: 1992,

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1993 25












The Relationship between Young People and Science and Technology

(1) Employment figure for April 1992 iy | Decrease
{96) | No change
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10.4
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(2) Scheduled employment for April 1993 Decrease
(%) Mo change
100 o T B increase
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80 ara
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Office Technology Research

Figure 1-1-23 Number of new employees by occupation — Comparison with previous year

Source: Japan Institute of Personnel Administration “Basic Survey for Personnel Management in the
Future (FY 1992)".
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{1) Conditions

(2) Quilook

Employees in specialist

Miners and fransportation and communications
employeas Technicians, manufacturing process
[/ labor { agricullure, forestries and fisheries

Managerial occupations /
office employeas

Sales [/ security occupations,
service occupation employees

and technical occupations

Figure 1-1-25 Conditions and outlook for employees according to occupation

Source: The Year 2010 Committee, Economic Council, “The Report of the Year 2010 Committee (FY 1991)".

working hours. In chis report, due to advancements
in the use of information and high-value added
products and services, the overall percentage of
employees involved in specialized or rechnical jobs
will increase from the 1990 level of 11% (6.9
million) to 17% (10.91 million) by the year 2010
(Figure 1-1-25).

In 1992, the Ministry of Labour released a long-
term outlook study for each industry and type of
employee, giving consideration to conformity with
each kind of economic condition, starting with the
economic growth rate. This long-term outlook
resulted in calculations almosc identical o the
previously mentioned estimate of the Economic
Council, stating that the overall percentage of
employees involved in specialized or technical jobs
will increase from 11% (6.9 million) in 1990 to
1796(11.2 million) in 2010 (Figure 1-1-26).

. All of the people involved in specialized or
technical positions will not necessarily be human
resources for science and rechnology (according to

the “Labour Force Survey” of the Management and
ordination Agency Statistics Bureau, 27% of the
persons occupying specialized or technical positions
in 1991 were engineers), but in consideration of the
coming developments in technological innovations
and the information field, the demand for science
and I:t:t.'hnulugy |'.|r:rsunn|;:| 15 i:x]'wtn:r.l Lo rise rapidiy.

1.1.3.1.2.2 Future predictions for the num-
ber of researchers

According to the "Report on the Survey of
Research and Development™ of the Management
and Coordination Agency’s Statistics Bureau, the
number of researchers was 598,000 as of April 1992
(including humanities and social sciences), and this
is approximately 1.5 vimes the number ten years
ago, The following is an investigation of the shifes
in the demand and supply of researchers in the
future.

In the report commissioned by the Science and
Technology Agency entitled “Survey on R&D
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corporations and  scienoists  and

government,
engineers to influence the direction and pace of
development of science and rechnology.

People can, for example, raise issues which
should be resolved in terms of the development of
science and technology and clarify their needs.
They can exert various effeces regarding the
activities of science and technology by evaluating,
whether agreeing or disagreeing, on the efforts of
scientists and engineers. Such efforts on the pare of
ordinary people may be an important factor in
steering the development of science and technology
down an appropriate path in the future. These
efforts are also thought to be significant in the sense
that scientists will feel the resules of their work and
be able to make further advancements in their
work.

To adequately fulfill this role, the nation as a
whole needs ro aveid relying solely on the
government and scientists and engineers to address
issues relared to science and rechnelogy. The nation
needs to take a broader perspective rtoward the
possibility of new problems stemming from che
development of science and technology and have
sufficient capacity to deal wich chem appropriately.
To do chis, it is necessary that sociecy look at the
role played by science and rechnology and che role
that should be played by it as issues char effect
them directly, take an interest in these issues and
assume a positive atticude in addressing them.

In light of the outlook for the increasingly large
role of advanced science and technology in future
society, this approach is extremely important in the
sense of providing a basic foundacion for the people
needed to participate in a society of advanced
science and technology and provide for its sound
management.

There is a need to focus actention in the furure on
the declining popularity of science and technology
among the young people from the point of view
that there is strong concern that this trend will lead
to a decrease in interest of the nation as a whole in
the science and technology thar is so vital to Japan.

1.2 Background of the Declining
Interest in Science and Technology

Various causes have been recently pointed our as
forming the background of the declining popularity
of science and rechnology among young people.
High-Tech Researchers and
Engineers” produced the following reasons which
were pointed out by researchers who felt that there
was a declining popularity of science and
technology among young people: “Society holds
scientists and engineers in low regard and does not
give the status them deserve” (67.1%), “Young
people are not interested in subjeces like physics
and chemistry because the emphasis is placed on

*The Survey on

examination techniques” (40.1%), “Schools are not
passing on the enjoyment of studying science to the
younger generation” (36.0%), “People who have
scientific and engineering understanding capable to
make their mark in fields other than science and
rechnology” (32.6%) and “The way young people
think has changed from logical rthinking to a
sensuous thinking” (31.8%) (Figure 1-2-1).

Also, the “Survey on Private Enterprises’
Research and Development™ revealed the following
items which were selected by private
companies  as the reasons for the declining
popularity of the manufacturing industry among
science and engineering graduaves: “The difference
in salaries with other jobs and industries™ (66.0%),
“Young people have a bad image of the working

main

environment in manufaccuring industries” (64.4%)
and “Jobs and industries which require a special
and engineering have
the world of finance”

of science
expanded as far as
(40.8% ) Figure 1-2-2).
The majority of young people who are involved
in science and technology activities feel that the
reason for the declining popularity of science and
technology among yourlg people and the declining
popularity of the manufacturing industry among
science and engineering graduates is relaced to the
problems of how they are treated and cheir working
environment. It seems cthat many people
responding to these surveys see the declining

knowledge
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and technology and the widespread diffusion of its
resules into people’s lives, however, there are many
points in common. It could be said char the shifc in
the position of science and technology in people’s
lives forming che structural causes common to these
countries in terms of the declining popularity of
science and technology among young people.

Moreover, as indicated in Section 2 of Chapter 1,
the recent decrease in the active interest of young
people in science and technology seems to be a
widely spread phenomenon occurring during the
teens. This period seems to be the process when the
way young people see things change from the
curiosity and dreams of a child to mature
perspective closer to adults based on the realicies of
life.  This means that we cannot deny the
possibility that the change in the position of science
and rtechnology in people’s actual lives is a
fundamental factor which influences young people
during their growth into adulthood.

In the following section, we examined from this
viewpoint the influence of the change in the
position of science and technology that people’s
exert on the recognition and atticudes of young
people toward science and technology. Then, we
examine the declining popularity of science and
technology among young people in terms of the
impact exerted on choices of higher education and
employment among young people.

1.2.1 Difficulty in Relating Science
and Technology to Everyday Life

The way young people see things changes their
groweh from children into adules shifts from the
curiosity and dreams of a child to a more mature
perspective closer to adults based on the realitcies of
life. To stimulate and raise an “active interest in
science and technology™ of young people, it is first
of all important to make young people feel that
science and rtechnology is something they are
familiar wich in their everyday lives.

However, while the rapid advance of science and
technology in recent years has made available
advanced high-tech products with conveniences
unimaginable only a decade ago, these advances

40

have meant less opportunities to note such matcers
as the internal structures, operating principles and
manufacturing processes of these products. As a
result, although the products of science and
technology has become familiar to everyone in their
daily lives in as available convenient tools, this is
commonly not recognized as a product brought
about by “science and rechnology”. People usually
are not able to notice or recognize the knowledge of
science and technology or the activities of scientists
and engineers exist in the background. It seems
that such state of things make young people
difficult to feel familiar with science and
technology compared with the times when the
resules of science and technology were widely used
in people’s daily lives,

This situation has broughe about the following
phenomenon which can be called che “black box
syndrome of science and technology”. Though the
products of science and technology are recognized
as convenient tools which can be used in people’s
everyday lives, the scientific and engineering
knowledge and the activities of the scientists and
engineers exist in the background are not really
“visible” and people can see only the superficial
characteristics of product such as the functions,
design and brand names. In the following section,
we will bring up some causes which seem to bring
about this phenomenon in people’s lives, and
examine their influence.

1.2.1.1 Efforts to Make Science and
Technology More Accessible

During the 1980s, semiconductor components
become more integrated and low-priced, as a resule
a variety of high-tech products such as personal
compurers, word processors, facsimile machines,
multi-function telephones and TV game devices, all
of which possess high-level information processing
functions, become available to rthe average
household.

The high-tech products have widely diffused
without people pay special arrention to them. Asa
result, science and technology are not really felt to
be surprising or exciting.
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the average cicizen scarcely recognize the existence
of knowledge of the science and technology in the
background, and the activities of the scientists and
engineers, who developed these products.

1.21.3 The Increased Role of Large
Organizations in Scientific and
Technological Activity

The advancement and complexity of science and
technology in recent years has resulted in an
increasingly  strong  tendency for scientific and
technological activities to be carried our not by an
As a

consequence, it is now a normal practice for today’s

individual but by large organizations.

outstanding new products to be developed wichin
large organizarions. It is extremely difficule to link
the results wich any particular individual. It seems
to be more significant that we speak aboutr an
organization such as a company as the entity which
carries out the technological acrivities to develop a
new product which raises our interest and
influences our daily lives, On the other hand, the
activicies of scientists and engineers become more
difficule to be spoken about.

In addition, the distance between the places
where scientific and rtechnological activities are
conducted and the places where we conduct our
daily lives becomes more physically separated as
places where scientific and technological activities
are moving from small-scale manufacturing plants
in the centers of rowns and cities to large-size
plants in the suburbs where they are unnoticed by
ordinary people. As a resulr, places where scientific
and technological activities are  becoming
increasingly difficulr to be recognized by people not
directly involved in the activities.

As a general rule, it seems that scientists and
engineers are not good at communicating with
other people, and also they sometimes do not
effectively pass on their information to society as a
whole.
results of a survey which revealed the rendency of

These impressions are supported by che

those students wishing to enter science and
engineering faculties ar colleges, students wich a

relatively high possibility to become scientists and

42

engineers in the future. The results of the survey
revealed thar such students are more negative than
studencs wishing to enter other fields abour aspects
related to communication such as “Socializing wich
other people” and "Reading and writing” (Figure 1-
2-3). In this manner, the tendency of scientists and
engineers not to be good at communicating make it
difficule for ordinary people to understand and
imagine the scientific and rechnological acrivities
that are concributing o society.

This tendencies has made the research and
manufacturing locations, and the scientists and
engineers working at them difficuly for che young

people.

1.21.4 The Widespread Satisfaction with
Material Prosperity

Scientific and technological development in
recent years has contributed to the expansion of the
Japanese economy and the realization of material
wealth for the people. We would now like o
analyze how these developments have been
recognized by young people.

Youth  Affairs  Administration  of  the
Management and Coordination Agency carried out
a series of surveys targeting young people (berween
15 and 23 on April lst of the year of the survey
entitled "The Survey on Consciousness of Solidaricy
of Youth”. These surveys reveal the thing Japan can
be proud of its position in the world as the
percentage of people who replied thar “People’s
lives are prosperous” rose from 8.2% in 1970 to the
highest figure of 36.3% in 1990 (Figure 1-2-4).
People were also asked whether or not they were
satisfied with their lives ar present. The percentage
of people who replied chat they were “Satisfied” or
“Fairly satisfied” has been increasing from 67.1% in
1967 to 82.2% in 1990.  Conversely, the
percentage of those who replied thar they were
“Unsanisfied” or “Somewhat unsatsfied” has been
decreasing from 32.5% in 1970 to 16.9% in 1990
{(Figure 1-2-5). These figures show that not only do
young people feel proud of their prosperity but also
that chey themselves are sarisfied with cheir own
lives.
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Figure 1-2-4 Things about which young people consider Japan can be proud of

Mote: Survey target: Youth aged betweean 15 and 23 on April 1st of the survey year.
Source: Youth Affairs Administration, Management and Coordination Agency, “Survey on Consciousness of
Solidarity of Youth (1991)".
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Figure 1-2-5 Degree of satisfaction about life of youth

Motes: 1. “Satisfied” is the total of “| am satisfied" and “| am somewhat satisfied" replies.
“Unsatistied” is the total of "| am unsatisfied" and "1 am somewhat unsatisfied" replies.
2. Survey target: Youth aged between 15 and 23 on April 1st of the survey year.
Source: Youth Affairs Administration, Management and Coordination Agency, “Survey on Consciousness of
Solidarity of Youth (1991)",
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Faeal it strongly

Feel it

Feel that it is fair

Figure 1-2-16 Society's evaluation of

Feal that it is not fair

Other replies, no reply

work of scientists and engineers

Source: Science & Technology Agency, “Survey on High-Tech Researchers and Engineers (1993)".

(%)
100

40 -

Treatment is Work environ-  Don't get
bad ment is bad enough respect
from society

Figure 1-2-17 Reasons why scientists and en

Activities are Bad image is Other replies,
naot highlighted  spreading no reply
by mass media

gineers feel they are not fairly evaluated

Source: Science & Technology Agency, "Survey on High-Tech Researchers and Engineers (1993)".

reveals that over half of the researchers, 56.8%, feel
that society does not properly regard the work done
by scientists and engineers. At the same time, no
more than 29.4% of the researchers feel that cheir
evaluated (Figure 1-2-16).

work 15 correctly

54

Moreover, of those researchers who feel thar the
work of scientists and engineers is unfairly
recognized, 81.7% feel that the reason is thar
“Scientists and engineers are treated badly”(Figure
1-2-17). It seems likely that chese perceptions for

Science and Technology Agency
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1.3 Toward a Society in which
Science and Technology Are Felt
to Be Part of Daily Life

For Japan to address environmental and other
global issues as well as its aging population
srructure and other domestic issues, and to realize a
better qualicy of life, further development of science
and technology is deemed to be necessary.

In the future, for the development in science and
technology, it is essential that a broad cross-section
of the Japanese people, including young people,
take a positive attitude and join scientists and
engineers in considering science and technology and
grapple with the necessary development in chis
The declining popularicy of science and
technology among young people is of grear concern
to the future of Japan in che sense thae it threatens
the formation of these social conditions.

Thus far, cthe declining popularity of science and

Arca.

technology has only been discussed in terms of
young people, but if this trend continues, the
impact may extend throughour the entire nation.
Looked at in this light, one of the basic ways to
address the problems of declining popularity of
science and technology among voung people would
be to create a society in which everyone has more
familiarity with scientific and technical knowledge
as well as the activities of scientists and engineers.
This assumes that the problem is largely due to the
development of the black-box syndrome of science
and technology in daily life.

This chaprer confronts these very problems to
create a society as mentioned above and considers
them as one source to achieve a broader discussion.

1.3.1 Providing More Opportunities
to Become Familiar with Scientists
and Engineers

In light of the analysis presented in Section 1 of
Chaprer 2, there is a possibility thar che
development of the black-box syndrome of science
and technology in our daily lives which lessen the
opportunities to feel close to scientific and technical
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knowledge and cthe acrivities of scientists and
engineers has formed a great undercurrent, causing
declining popularity of science and technology.

Recently, the thing that has broughr science and
technology close to the people of Japan, including
young people, and left che strongest impression on
the Japanese is probably the image of astronaut
Mamoru Mohri engaging In space experiments
aboard cthe United States space shurele.

Mamoru Mohri of NASDA was Japan’s first
astronaut to board the United Staces space shuttle.
While flying approximately 300km in the earch’s
orbit for eight days beginning 12 September 1992,
Mohri conducted Japan's first real space experiment
(First Material Processing Test (FMPT)*Fuwatto
02"

For the Fuwatto '92 space experiment,
experimental devices developed by Japan were
installed in the Space Lab buile in the cargo bay of
the Space Shurtle Endeavor. Using the micro-
gravity of space, material experiments and life
science experiments were conducted with the aim of
producing materials of difficult-to-obtain levels of
In addition, chis
space experiment had great significance for science
and technology in Japan. Since it helped Japan to
obtain the technology for manned space flight and
other endeavors in the furure. Furthermore, the fact
that a Japanese astronaut participated in space
flight and carried our a space experiment as a
scientist and engineer aboard the space shuttle for
the first time was very meaningful. The large
coverage rtogether with the increased national
interest still remains mid in our minds.

The fact that che nation was able to see
newspaper photographs and television images of
Mohri participating in space experiments aboard
the space shurtle is chought to have had an
enormous impact by enabling the Japanese to share
this scientific and ctechnological dream. In
addition, Mohri took some time out from his
experiment to speak from orbit o the elementary
school children on earth. He conducred an
experiment introducing the world of microgravity
by using a more paper plane and an apple to quiz
and teach children about the special circumstance of

purity and high homogeneity.
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1.3.1.2 Efforts by Scientists and
Engineers to Speak Enter into Dialogue
with the Public

Efforts by scientists and engineers to convey
actively to people their thoughts on the imporcance
and intellectual excitement of their activities and
on their contribution to sociery could expand the
opportunities for people to come into contact with
the human side of scientists and engineers and
greatly contribute to bring the activities of
scientists and engineers closer to people.

According to the High-Tech
Researchers and Engineers”, almost all researchers

“Survey on

(97.0%) believe chere is a need to advance the
science and technology in Japan beyond its current
level, Of these, over half (72.4%) cited the reason
“if the progress of science and technology stops, the
existence of mankind will be in danger due to
global  environmental  problems,  population
explosion, energy problems and others”.

Figure 1-3-1 shows chat most scientists and
engineers are deeply concerned about the future of
mankind and feel a pressing need to further advance
science and technology. Efforts by sciencists and
engineers to directly express their thoughes to
sociery and share their thoughrs with people are
expected not only to provide an opportunity for
people, including young people, to think more
seriously about science and technology bue also to
bring the activities of scientists and engineers much
closer to the average person.

This survey also revealed that most researchers
find their research interesting (93.2%) and think
thar it contribures to society (93.4%) (Figure 1-3-2).
It is expected chat efforts by scientists and engineers
to accurately convey to society, particularly young
people, cheir

excitement of their activities and their coneribution

thoughts on the intellecrual
to society will greatly contribute to stimulate an
active interest in science and technology.

According to this survey, the percentage of
researchers, who believe the interest of cheir
research should be understood by ordinary people
and the percentage who believe the contribution of
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their research to society should be understood by
ordinary people are 54.4 and 65.7%, respectively.
However, of these researchers, 35.6% of them think
that while researchers should make efforts to convey
their ideas to ordinary people abour their incerest in
research, they are actually unable to do due to a lack
of time and due to other reasons. The same
response was given by 36.0% of them with regard
to conveying to the people in general about che
contribution of their research to society. As a
result, the percentages of researchers acrually
making efforts to speak on or write about research
or the contribution of it to society are only 29.2%
and 32.7%, respectively.

In light of these conditions, there is thought o
be plenty of room for scientists and engineers to
make more effores o show others whar is so
inreresting in cheir acrivicies.

Accordingly, organizacions in the fields of science
and technology should become more aware of the
importance of the role of the activities of scientists
and engineers in supplying the public information
and ideas regarding che enjoyment and excitement
of their work. Due consideration should be given
to encouraging and supporting such acrivities by
providing reading marterial especially directed to
the general public, promoting lecture meetings and
orher means.

1.3.1.3 Use of On-going Scientific and
Technological Projects

As noted above, the image of astronaue Mamoru
Mohri engaging in space experiment aboard the
space shutele during the Fuwatto 92 space
experiment in September 1992, was shown to the
nation and was thought to be very effective in terms
of bringing science and technology closer to the
Japanese people. This example testifies to how
convincing and impressive it can be to see the
image of a real human participating in a science and
research project that is acrually in progress. To
bring science and technology closer to the daily
lives of the Japanese people, especially young
people, it is thought to be effective to use the power
of real things and rake every opportunity to convey
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these products, wich a vivid picture of the scientists
and engineers working to produce them, the public
will become more familiar with science and
technology.

In the future, exhibitions and events related to
science and technology will play an important role
in serving a vital contact point for linking people
with science and rtechnology. Furchermore, by
raking various approaches and making wvarious
improvements that give consideration to the above
points, they will make people feel familiar with
science and technology.

1.3.3 Encouraging the Participation
of Women in Scientific and
Technological Activities

As pointed out in Section 2 of Chaprer 1,
woman’s lictle presence in science and technology-
related occupations such as scientists and engineers.
It is possible to interpret this, in the opposite sense,
as indicating that there is great room for an increase
of women in participation related to science and
technology through future effores.

As woman's impact on society continues o
increase, the continued low level of active interest
in science and rechnology of women who account
for about half of the population is a matter which
should be given the utmost concern. Woman's
participation in occupations related to science and
technology, including scientists and engineers, is
important both in terms of spreading the activities
of women in society and in terms of securing
human resources related to science and technology.
This 15 also imporeant in terms of making women,
who do not directly participate in scientific and
technological acrivirties, feel closer to scientists and
engineers and in terms of increasing the level of
active interest in science and rechnology among
women as a whole.

In promoting Woman's participation in scientific
and technological activities, there is a need for
organizations related to science and technology to
continue supportive activities of women in the field
of science and technology through diversification in
the form of work during child birth and rearing as

well as other measures. For example, by giving
possible consideration to the
flextime and maternity leave systems as well as
putting in a nursery within the company and by
creating a work environment chat is accractive and

introduction  of

comfortable for women, it is expected that there
will be active efforts to promote the participation
by women in this field.

Furthermore, in organizations where female
scientists and engineers are
actively, the positive promaotion of such women to
society is expected to wipe out the image thar it is

already working

difficult for women to engage in scientific and
technological activities and will be a tremendous
boost to bring science and technology closer to
Women.

1.3.4 Creating an Atmosphere in
which Science and Technology Can
Be Discussed as Everyday Subjects

So as to further develop science and technology
with the aim of creating a better future for both
Japan and the global community and soundly
managing a society which uses advanced science
and technology, it is excremely important that the
people which constitute such society have a correct
understanding of science and technology. In this
light, there is a need to pay closer attention to
interest in  science and

trends in  the active

technology of the nation as a whole, particularly the
young people.

The thing we need to recognize ourselves is that
the atcitude of the young people toward science and
technology reflects the actitude of society as a whole
toward science and technology. As science and
technology developed and its products permeared
our daily lives in a form that could be easily used by
anyone, science and rechnology become difficule for
people to “see”. In addition, if society as a whole has
promoted such a tendency, this is an issue that
cannot be overlooked.

On the internacional level, Japan is facing
dangers such as global environment issues in light
of the limirarions of che earch.

Domestically, Japan being pressed to find
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2.1.2 R&D Expenditures by Financing
and Performance Sector

2.1.2.1 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 Organization
for Economic and Development
(OECD) categorize sectors into governmenc®, ind-
ustry, universities and colleges, private research

Cooperation

{1)Finanzing
Countnes{FY) Gowemment Private secter
Japan1991) m 81.7%

Japan{1991 natural
I:cimm:l 83.1%

United states
(1952 56.79%

institutions, and abroad. Shares of R&D expenditures
by financing and performance in selected countries
are compared by OECD - categorized sectors.

The government R&D expenditures percentage
may differ from country to country due to
differences in defense-related research, tax struccure,
activities in the private sector, etc. Generally
speaking, in terms of the government share of R&D

expenditures, financing France is ranked first ac
49%, followed by the United States act 43%,
Germany atr 37% and the United Kingdom at 36%.
Including social sciences and humanities, Japan's
share is a mere 18% or 17% for natural sciences

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

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

humanities.

The figure for Japan shows the amount for natural sciences only.
2. (1) In the financing column, the private sector includes any sector other than the

government and abroad.

3. The figures for the United States and for Germany is an estimate. The figures are

provisional.

Sources: Japan, US and United Kingdom — Same as in Figure 2-1-1.

Germany and France — OECD statistics.
(See Appendix 2)

) In thit paper, whenever R&D expenditures and number of rescarchers are discussed, they refer 1o both national government and local

ROvernment.
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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 United States Garmany France United Kingdom
Financing | Pertorming (1991) {1992) (1981) {1988) {1990)
SR RO Amount | Share | Amount | Share | Amount | Share | Amount | Share | Amount | Share
unie. ¥ 1 00ma | & unit ¥ 1 00emill o unitY100mil) % unit, ¥ Glmill o it ¥ 1 00umell =
Govern-e=t=Govemment 1| - 10,236 | 9780 | 28440, )0900.0 | 58,002, |Vuobin) S8 00008 R RDCH T NS SNBSS
™ot W Govemment | 2| 22 0 352 | 34 % | 39 546 | 99
Industry 1,335 14 | 59470 284 5,045 10.8 169 | 208 4381 167
Industryl-industry | e5803 | 984 | 150100 | 716 | 40253 | 858 | 16463 | 699 | 17748 | 678 |
]L ::';’f;fl'ﬂ';:s 11,909 495 | 30,400 66.4 9,976 %23 5,505 943 4188 122
Eﬁ;’gﬂ;ﬁ; 570 2.4 2,565 5.6 823 7.7 235 40 160 79

MNotes: 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 performance by sector.

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

4. The U.S. data are estimated.

5. The “goverment” portion of the performing sector and the * portion of the financing sector for

Germany include private research facilities.

Sources: Japan, US, Germany and the United Kingdom — Same as in Figure 2-1-1.

France and Germany — OECD statistics.
(See Appendix 2)

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 government-
financed R&D. This is because, in Japan, each
sector has been rather independent from one
another, and has had licele interaction. Furthermore,
Japan's private sector is quite active in R&D.
Another reason is, for example, in the United
defense-related R&D

expenditures becween sectors is very high.

States, the flow of

2.1.2.2 R&D Expenditures by Sector

R&D  expenditures are increasing in major

countries. Examining the growth rate in R&D

74 :

expenditures in real terms to see which sector is
contributing most, we see that university,
government and private research insticures showed
no or only slight increase, while the industrial
sector, with the exception of United Staces, has the
significant growth rate. This proves that R&D
activities by the industrial sector have been
increasing in recent years. The rate of increase is
especially high in Japan (Figure 2-1-T).

Industry bas a grear influence on growth of R&D
expenditures. Particullarl}r in Japan, the growth of
R&D expenditures has been influenced by trends in
R&D expendicures by companies. Examining
changes in the contribution by secrors to the
annual increases of Japan's R&D expenditures in
real terms, R&D expenditures in cthe induscrial
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(%)
22207
20 -
18-
16

14 -
12-

&—=8 Total

_ Universities and colleges
Research institutions

- Companias

7071727374 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91Fiscal year

Figure 2-1-8 Contributions by sectors to the annual increases of Japan's R&D expenditures

in real terms

Mote:

The deflation raterring for each sector is based on FY1990.

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

and Coordination Agency.
(See Appendix 5,15)

sector increased greatly during the period of heavy
growth in the late 1960s, and Japan's total R&D
R&D
expenditures by industry began stagnating in the
1970s, and Japan's total R&D
expenditures total compared to the previous year
1970s, R&D
expenditures by industry started to increase. But

expenditures increased sharply. However,

early caused

also dropped. From the lace
the annual increases of R&D expenditure decreased
in FY 1986, FY 1987, and FY 1991, As a resule,
Japan’s roral R&D expenditures had low increases

{Figure 2-1-8),

This section gives Japan’s R&D expenditures by
secror”,

2.1.2.2.1 Companies

In Japan, 14,100 companies conducted R&D
acrivities in FY1991 according to the “Report on
by the
Statistic Bureau, Management and Coordination
Agency. Among them, 90.2% are manufacturing
companies; 9.0% are in construction. Among the
manufacturing companies, the general machinery
industry with 15.2%, the electrical machinery

the Survey of Research and Development”™

3} Research activities in Japan in this paper are provided by compames, research insticunion, and universities and 1:n]|¢g¢!. These

classifications are based on che

“"Kepore on the Survey of Research and Development™ compiled by che Seatiscics Burean, Management,

and Coondination Agency. The Following defines some of these organizations.
sCompanies—Corporate companies (Capital: 1 million yen or more (FY' 1974 or before), Capital: 300 million yen or more (between
FY1975 and FY'1978), Capiral: 5 million yen or more (FY' 1979 or after), and profic-orienced public corporacions (such as WHE (the
Japan Broadoasting Corporacion), and the Japan Highway Public Corporacion).

L ]trw.tn; |'| EENEE i fLtaig= Na!i.l III:.I],

local government-owned and private (such as foundations) researche insticutions and research

corporations, Research-centered public corporations are, for example, the Nacional Space Development Agency of Japan; che Power
Reactor and Nuclear Fuel Development Corporacion, che Japan Avomic Research Energy Insticute, and the Institute of Physical and
Chemical Research, According ro the OECD definition, government research institutions include nacional and local government-

owned research institucions and research-centered COFPROrACRO NS,

*Universities and colleges-departments of universicies and colleges (including  graduare schools), junior colleges, colleges of

technology,
insrirurion for academic degrees,
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research institutions attached to the universitics and colléges and inter-university rescarch instioutes, and national
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Expenditures on tangible
Labor cost Materials fixed assets Other expenses

20.8% 15.7% 24.9%

Companies

Research instititions

14.5% 21.5% 30.6%

- National

research L )
institutions 38.8% 27.3% 14.4% 19.5%
go ernrlﬁgﬁiai
\I|' -
owned
£l _ research
By organization institutions

Private research
institutions

20.6% 15.8%

32.4%

Public
corporations

45.5%

Universities and colleges 14,29 15.1%

=

National
universities
and colleges

Public
By organization universities
and colleges

_ Private
universities
and colleges

13.9% 17.6%

| 8.8%(12.5%

8.4% 15.3% | 12.1%

Physical
SCIENCES

8.1% 18.9% 22.6%

Engineering 14.9%
By field
Agricultural
Sciences 14.2%
Health 12.8%

Figure 2-1-13 R&D expenditures by sector and by consisting elements (FY 1991)

Source: “Report on the Survey of Research and Development” by the Statistics Bureau, Management
and Coordination Agency.
(See Appendix 6)
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A look ac research institutions by organization
shows that national research institutions conduct
more basic research and local government-owned
research institutions conduct more applied research.
Public corporations conduct an especially large
amount of development.

Basic Applied
ﬁ'ﬂﬁntw research research

Japan
(1991)

United States
(1992)

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

Development

Germany
(1987)

France
(1987)

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

MNotes: 1.The figures for the United States is an estimate.
2.There is no distinction in Germany between applied research and development.

Sources: Japan,US — Same as in Figure 2-1-1.
Germany and France — OECD statistics.
(See Appendix 3)
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Companies (g8 22 2%

Research instititions m 28.3%

= National
research
institutions

Lacal
government-
owned B6.9%
o _research
By organization instifutions

Private research
institutions

3.5%

Public
corporations

Universities and colleges

Physical
SCIENCES

Engingering

By field

Agricultural
sciences

Health

Figure 2-1-15 Composition of R&D expenditures by character of work by sector (FY 1991)

Source: “Report on the Survey of Research and Development” by the Statistics Bureau, Management
and Coordination Agency.
(See Appendix 3)

84 Science and Technology Agency












The Current Status of Science and Technology in Japan and Other Nations

Government
Research LUniversities
institutions and col 5
{researchers) =
Japan({&00,000) l‘ 35.8%

Japan (natural sciences ;
only) (520,000)

United States 1
(950,000) R

Garmany
(180,000}

France
(120,000)

United Kingdom
(120,000

Figure 2-2-3 Share of researchers by sector in selected countries

Notes: 1. Japan: 1992, United States: 1988, Germany: 1989, France: 1990, United Kingdom: 1980.
2. Only the figures for Japan are not on a full-time equivalent basis.
3. The data for the United Kingdom do not include researchers in private research institutions.

Source: Same as in Figure 2-1-1.

Within the physical sciences, chemistry has che
majority. These three fields employ three-fourths of
all company researchers (Figure 2-2-3).

Regarding the number of researchers per 10,000
employees, the average number throughour all
induscry sectors is 497. The average number in the
manufacturing sector is highest at 593. Within
manufacturing, following sectors rank ac che top
(Figure 2-2-6).

*Electrical machinery: 991
*Chemical products: 973
*Precision inscruments: 765

88 /

Private
research

Industry institutions

2.2.1.3.2 Research Institutions

For the last 10 years, researchers in research
insticutions have increased 16.7% (an average,
annual rare of increase of 1.6%). This is due to an
increase  in  the number of private research
institutions. Looking at the number of researchers
by organization, the national research insticutions
have 10,000 researchers or 26.9% of the roral for
research  institutions, local government-owned
research insticutions have 14,000 researchers at
36.0%, private research institutions have 11,000
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Unit; 10,000
researchers
1.50— Local government-owned research institutions
1254
'/ Mational research institutions 1.08
1.00- 1.02
—
0.75—
Frivate research institutions
0.50-
Public corporations 0= 0,33
By TOR o Sl o g .
0.25- L AP e B R
L"?
ol

1970 75 76 77 7B 79 80 81 B2 B3 84 BS5 BG BY 88 B9 50 91 92 year

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 8)
Urit: 10.000 Social sciences and humanities, and others
Researchers  Physical sciences Engineering Agricultural sciences Helth
Total 38.6% 32.6% 6.9% 0.9%
'h" : : :
National research ]
institutions 34.5% 31.4% B.69: 0 0.9%
,,,,, gerstas g -y
Local govemment-owned T
research institutions 58.5% 8.6% |0.1%
e e I i o
Private research E
institutions B2.8% 9.5% E@%' 2.0%
I-l”-l-""' :‘-\-"'.‘ I|1:
Public &
- 4.7
corporations 52.1% o, 0.6%
2.1%

Figure 2-2-8 Share of researchers in research institutions by organization and field (1992)

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
] & 767
;.r__‘ Mational universities and cuibgef; Al -
| pns ]
6 - -
' il : o
| >~ Private universities and colloges _e—* 5.36
5_1 ’.-- o -."_-._'-
/./ J__-t-".'_
p | ./'jl -‘—r’”'_"’
3_ ___.._—-'l'—".'--'-
2= .’/:
Public universities and colloges s
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o
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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 B)

Doctoral Medical stuff
Faculty members students and others

o) 1.2% 17.1% 21.7%

Mational universities

and colleges 22.0%
Fublic universities
and colleges 25.7%

Private universities 9.8% 20.6%

Figure 2-2-10 Composition of researchers in universities and colleges (1992)

Source: "Report on the Survey of Research and Development” by the Statistics Bureau, Management and
Coordination Agency.
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Table 2-2-13 Personnel engaged in R&D in selected countries

Total

Country (year) Number of personnel Nutber which are Nﬂﬂ";iﬂﬂfﬂh!l

engaged in R&D ¥ §
fag non-researchers resaarcher
Japan (1992) 910,051 3N1,78 0.52
Japan, natural 1 1

sciences only (1992) 812,985 294 116 0.57
Germany (1989) 426,446 250,044 142
France (1990) 293,320 169,251 1.36
United Kingdom(1988) 277,800 147,800 1.14

MNotes: 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 OECD eslimates.
Source: Japan, Germany and France — Same as in Figure 2-1-1.

United Kingdom — OECD statistics.

* Public corporations: 134.42 million yen
® Private research insrirucions: 51.10 million yen
» Mational research institutions: 30.34 million yen
* Local government-owned research institutions:
19.35 million yen
R&D expenditures per researcher in universities
and colleges are on average 10.67 million yen.
However, taking into consideration only teachers
who are acrually doing research, che figure is 17.43
million in all universities and colleges. This figure
varies according to type of university and college as
follows:
* National universities and colleges: 18.76 million
yen
* Public universities and colleges: 15.17 million
yen
* Private universities and colleges: 16.24 million
yen

2.2.3 Personnel Engaged in R&D

Although rhe definition of personnel engaged in
R&D is not same in each country, numbers of

96

personnel engaged in R&D (including researchers)
are as follows:

¢ Japan: 910,000 (813,000: natural sciences only)

s Germany: 426,000

* France: 293,000

* United Kingdom: 278,000

It is difficule to compare these numbers ar 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 43.3% (an average annual rate
of increase: 3 7%) during the 10 years from 1982 to
1992, 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
B&D has increased from 58.1% in 1982 to 63.8%
in 1992. On the other hand, the share of assistant
research workers decreased from 14.7% ro 12.8%.
The percentage of rtechnicians decreased from
15.9% ro 13.2%. Clerical and other supporting
personnel have decreased from 11.3% to 10.2%. As
a result, the number of assistant research workers
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Researchers

Total

Companies

Research instititions

National research
institutions

Local
overnment-owned
.__..__|research institutions
By organization
Private research
instrtutions

Assistant

workers

Clerical
research Technicians and olher

supporting

12.8%

=

13.2% |10.2%

15.6%

15.1% [B.7%

11.1% | 13.8%

24.7%

B 10.2%

29.4%

19.5%

24.5%

Public a1 4%
corporations i

14.1%

31.1%

Universities and colleges

i National
universities
and colleges

e Public
By organization universities
and colleges
Private
universities
and colleges

~5.6% 8.75%

51 B.7%|10.4%

5.5%

6.6%

Figure 2-2-16 Composition of personnel engaged in R&D by sector in Japan (1992)

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

Management and Coordination Agency.
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2.2.4 Overall Degree Trends

An especially high percentage of students who
have taken the master’s or the docrors degrees
become researchers.

The number of degrees differ from country to
culture  and

country due ro differences in

educational systems. Social factors such as industrial

10,000 persons

1357
11.8
127
"=

10~ 8.6

2.8

i [ B

1980 1989, 1980 1988,

1980 1988 1990

seructure 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 times as many as does Japan.
Compared to eight years ago, the ratio of

Heallh

Agricultural sciences

Engineernng
571 /

Fhysical sciences

1.4 1.3 1.5

1988 Fiscal year

Figure 2-2-17 Number of awarded degrees in selected countries (Natural science)

Notes: 1. Totals include master's and doctoral degrees (Germany: only doctorates).

2. U.S. health degrees include first-professional degrees.

3. France does not distinguish between physical sciences, engineering, and agricultural sciences.
Source: “International Comparison of Education Indexes”, by the Ministry of Education.
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engineering degrees to total degrees has increased.
Japan is second in number of degrees awarded
following the U.S. and has a higher ratio in
engineering. Germany, France, and the United
Kingdom have about the same number. Germany
and France have a higher ratio of degrees awarded
in healch, the United Kingdom has a higher ratio in
physical sciences (Figure 2-2-17).

10,000 persons

20— Masters degrees

1.5

10 =l i

0.5 =

In Japan the number of awarded degrees has
increased in recent years. In FY'1985, 15,058
master'’s degrees and 7,688 doctorates were
awarded. In FY1990, 19242 master’s degrees (an
increase of 27.8%) and 9,957 doctorates (an
increase of 29.5%) were awarded, The largest
increases have been in the ratios of master’s degrees
in physical sciences and doctorates in engineering
(Figure 2-2-18).

{persons)
Health

1,273
Agricultureal sciences
1,868

Enginearing
13,117

Physical sciences
2.984

0—e75 76 77 78 79 BD 81 82 B3 B84 85 86 B7 88 89 90 Fiscal year

10,000 persons
1.0  Doctorates

1975 76 77 78 79 BO 81

{persons)

Health
6,436
0.5 —
Agricultureal sciences 719
Engineering 1,967
Physical sciences 835
.D =l

B2 B3 B4

B5 B6 B7 B8 B89 B0 Fiscal year

Figure 2-2-18 Degree Trends in Japan (Natural Science)

Note:The figures are awarded degrees in FY1990.

Source: “Statistical Abstract of Education, Science and Culture” by the Ministry of Education.
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Notes: 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. Besides in 1992, the definition
of import / export was reassessed, and from 1982 onward, figures were revised.

5. The United Kingdom changed its method of gathering data in 1987. Thus, new data cannot
be compared with that prior to 1986.

6. 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 totaled.
Management and Coordination Agency: Any technology related payments and receipts
(patents, know- how, technical assistance, etc.) are totaled.

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.

Sources: Japan — “Balance of Payments Monthly”, compiled by the Bank of Japan, and "Report on the
Survey of Research and Development” compiled 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 I'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”
(1970-1979), Central Statistical Office data (1980~).
(See Appendix 11,12,13)
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2.3 Trends Related to Research
Performance

The data on rechnology trade balances, number
of patents applied for and granted, high-tech
product trade balances and number of sciencific
papers, which indicates results of R&D acriviries in
science and technology, reflece the activity and a
nation’s level and strength of R&D activities.
These statistics are considered to be significant
indicators demonscrating  levels of R&D and
technological serength.

This chapter describes these trends in Japan and
selected countries.

2.3.1 Trade in Technology

Patents, urilicy models, and technical know-how
are resules of R&D efforts in science and technology.
In addition to being used by corporations for their
own purposes, they are traded internationally, for
example in che form of cransfer of rights, approval
of urilization, and others. These transactions are
what are known as technology crade.

2.3.1.1 Trends in the Technology Trade of
Selected Countries

Looking at the value of technology exports and
importes of the major countries; the trends of recent
years are¢ reflected in terms of advances in the
globalizacion of corporate activities and emphasis of
the imporeance of intellectual property righes, and
the basic theme is expansion (Figure 2-3-1).

The technology exports (value received) of the
United States are significantly larger, at 20.2
billion dollars (1992, 2.5621 trillion yen), than the
following countries.
¢ Japan: 3.1 billion dollars (1992, 386.5 billion

yen) (“Balance of Payments Monthly” by the

Bank of Japan, referred to as the “Bank of Japan

statistics” below)
¢ Japan: 2.8 billion dollars (1991, 370.6 billion

yen) (“Report on the Survey of Research and
Development” by Management and Coordination
Agency, referred to as  Management and
Coordination Agency statistics below)

¢ United Kingdom: 2 billion dollars (1989, 272.4

billion yen)

¢ Germany™ 1.5 billion dollars (1991, 196.4
billion yen)

* France: 1.5 billion dollars (1991, 207.0 billion
yen)

In contrast, technology imports (value paid)
amount to the following:

* Japan: 7.2 billion dollars (910.1 billion yen)

(Bank of Japan statistics)

s United Srates: 5.0 billion dollars (631.2 billion
yen)

+ Germany: 3.2 billion dollars (432.2 billion yen)

¢ Japan: 2.9 billion dollars (394.7 billion yen)

(Management and Coordination Agency statistics)
¢ France: 2.2 billion dollars (299.3 billion yen)
¢ United Kingdom: 2.1 billion dollars (284.1

billion yen)

As a resule, only the U.S. has a surplus in its
technology rtrade balance. In 1992, the US.
technology erade surplus was 15.3 billion dollars
(1.9309 trillion yen) and its ratio (export / import)
was 4.06. The United Kingdom has a small deficic
and a rario of 0.96 in 1989. France has a technology
trade deficit, but this figure has moved in the
direction of becoming more balanced in recent
years. Its ratio was 0.69 in 1991. Germany's
technology trade balance has actually moved further
into deficit with a ratio of 0.45 in 1991. In Japan,
the technology trade deficit was 24.1 billion yen in
1991, and the racio became more balanced
compared to the previous year at 0.94, according to
Management and Coordination Agency statistics.
On the other hand, according to Bank of Japan
statistics, while Japan's technology trade balance
ratio is becoming more balanced, the rechnology
trade deficit in 1992 was 523.6 billion yen, and the
ratio at 0.42, indicating a large-scale deficic
(Figure 2-3-2).

The rechnology trade balance berween major

B) Data up ro 1989 for Germany in chapter 3 is, as a general rule, data for former West Germany,
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Figure 2-3-5 Trade in technology by region (FY1991)

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

Management and Coordination Agency.
{See Appendix 13,14)

2.3.1.3 Trends of Japan’s Trade in
Technology

As described earlier, according to Bank of Japan
statistics for 1992, Japan's technology exports were
386.5 billion yen, a 6.5% increase over the previous
year (dollar based comparison), and imports were
910.1 billion yen, a 18.7% increase over the
previous year (same). These statistics indicare chat
the technology expore / import ratio changed from
047 in 1990 to 0.42 in 1992, According ro
Management and Coordination Agency statistics,
technology exports for FY1991 were 370.6 billion
yen, a 17.4% increase from the previous year
(same), and imports were 394.7 billion yen, a
14.1% increase over the previous year (same). As a
resulr, the rechnology trade balance ratio rose from
0.91 in the previous fiscal year to 0.94.

Technology trade data compiled by Management
and Coordination Agency for FY1990 indicates that

technology trade for new contracts (technology

trade for contracts newly established in FY'1991

only) resulted in a 16.5 billion yen surplus.

Technology exports from new contraces have

exceeded rechnology imports from new contracts up

through the first half of 1980s, butr deficits were

recorded in some years since the last half of 1980s

and the new contracr portion of rhe rrade balance is

changing, ranging from 0.8 to 1.5(Figure 2-3-6).
According to Management and Coordination

Agency statistics, technology exports by industry

sector in the manufacturing sector are as follows:

* Electrical machinery: 105.8 billion yen

¢ Transport equipment: 102.1 billion yen

Chemicals: 58.8 billion yen

General machinery: 15.1 billion yen

These up 81% of the

manufacturing sector. Others include che following.

* Precision machinery: 12.1 billion yen

e Ceramics: 11.6 billion yen

o Seeel: 10.5 billion yen

induscries  make
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¥100million
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| Othar manufacturing
| General machineny

Chemicals
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Chemicals

Transpont equipment

General machinery
o Pracision instrumant

Other manufacturing
3719 Oihers

Figure 2-3-7 Trends in technology trade by industry sector

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

Management and Coordination Agency.
(See Appendix 12)

Introductions of electric  machinery and
appliances has increased 4.4 times compared to the
number of cases 10 years before, and 2.1 times
compared to five years before. This increase in the
number of cases for electrical machinery and
appliances was the only increase thar occurred.
Therefore, it is clear thar incroductions of
technology are becoming concentrated in chis
indusery.

Introduction of technologies bas been mostly
from the United States with 2,002 case’s (63.1% of
the total), followed by countries such as the United
Kingdom with 213 cases, France with 205 cases
and Germany with 170 cases. In advanced

technology fields, computer-related cechnologies
(1664) are dominant. Software makes up the largest
portion of these introductions with 1,522 cases,
tollowed by hardware with 120 cases and service
with 22 cases. (Figure 2-3-10).

2.3.2 Patents

Countries in which a large number of patents are
are countries in  which
corporations and other organizations carry out
active R&D and great importance is attached to the
protection of technologies: These countries can be
considered to possess a great number of high

applied for private
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Table 2-3-12 Number of patent applications (granted patents) in selected countries (1991)

Country where patents were applied for
o
apphications United United Nether-
Japan g Germany France Ki Maty e Mhers
Japan 33,006 38,609 16,015 12,34 14,47 6,130 4915 40,752
(30.453) | (21.027) {7, B05) {3,071) {6,436) {33 (1.887) | (15,231)
Unated 20,743 89,024 22153 20,198 22,796 16,919 15,891 200,455

States (2,589) | (51.184) (7, 20) {6, 445) (T 465) {4.454) (40800 | (41,194)

o 7349 13.510 43,404 12,089 11,720 10,327 8528 78,048

an | oesoy | oe7se | masn | (6958 i5) | 4474y |(27.849)
s 2,885 5,735 5270 | 15819 5,104 4,568 3565 | 35010
@wony | osoy | eseey | e22ny | (2634 09} | (1.848) |(13.329)
United 3,232 6,919 5,155 4481 | 24253 4,098 4349 | 55545
Kingdom esey | 2eooy | orrey | oees | (a4 | 2306 | 1231 | (10,060)
L/ 1,027 2237 2433 2,362 2,326 1,147 1583 | 16.020
{134) (1,209 {1.076) (1,130) {B80) (311) (674} (5,425)
Nethes- 1,524 1,668 2228 2,085 2332 1,787 3565 | 17.085
Lands (218) @ay | (1.102) (943) (938) i) (926) | (4.880)
e 7507 | 19666 | 12520 0687 | 12785 8,324 8916
(870) | (8592) | (4606) | (39607 | (4.161) |(12326) | (2524 | —
. 380453 | 177388 | 109187 | 79075 | 95533 | 53300 | 5142
otal (36,100) | (96.514) | (43.190) | (35.581) | (34,074) | (19.508) | (17.510) 5 &
m 117 49.8 §0.2 80.0 74.6 978 93.1
g | 058 | wo | @2 [ @41 (86.8) o84 | @n | T

Notes: 1. Numbers in parentheses refer to granted patents.
2. These data include designated countries under the PCT and the EPC.
Source: “Industrial Property Statistics” by the World Intellectual Property Organization.

patents granted, 15.5%). In the United States, * France: 3.2%

which has the largest number of patent applications [J.S.-granted patents by nationality of inventor
by foreigners, the nationalities of patent applicant (1992) are as follows: (Figure 2-3-13).

(1991) are as follows: (Table 2-3-12). * United States: 53.6%

* United Staces: 50.2% & Japan: 22.5%

* Japan: 21.8% * Germany: 7.5%

* Germany: 7.6% # France: 3.1%

* United Kingdom: 3.9% ¢ United Kingdom: 2.5%
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Table 2-3-15 Changes Inl the ratio of Japanese in patent applications (granted patents)
in selected countries

(unit: %)
Year

County 1980 1985 1986 1987 18068 1989 1990 18491
Lnited 12.4 18.49 187 1491 201 205 20.3 .48
States {11.6) 7.8 (18.6) (20.0) {20.7) 211} i21.6) (21.8)
10.3 125 12.0 125 134 141 149 147
Germany | 1 | (144 (148 | (51 {15.5) (16.3) (17.4) (181}
8.9 126 11.8 126 137 14.4 15.2 15.6
e (6.7) (1.7 (12.6) (12.2) (12.5) {13.1) {13.6) {14.3)
United 96 126 19 125 135 143 15.0 149
Kingdom @8 | 072 (167) | (168) (17.0) (17.6) (18.0) (18.9)
Mether- 8.3 93 &0 BE 9.1 95 a7 9.6
[ands (11.8) (9.9) (9.7} (10u0) (9.8 {10.00 (10.5) (18.9)
45 59 55 64 7.2 74 74 71
Sweden (4.6) {6.3) (6.6) (6.3) (6.5) (6.4) 6.7) {7.2)
SwitDer 56 B4 6.0 68 7.1 74 73 6.7
land (6.2) {7.9) (7.0) (7.0) (6.5) (6.6) (6.7) (7.7)
T 32.0 301 266 277 272 26.0 234 203
@4 | (358 (@45 | i418) (35.1) (35.5) (44.8) (46.3)
8.1 1.1 11.2 10.9 11.8 11.6 i )i Bl 11.0
Canada 78 | (109 (11.3) | on (11.9) (12.8) (12.7) (13.1)

Notes: 1. Numbers in parentheses refer to granted patents.
2. Numbers of applications include applications under the Patent Cooperation Treaty (PCT)

and the European Patent Convention (EPC).

Source: same as in Figure 2-3-14.

The number of patenc applications by foreign
inventors has remained basically stable in recent
years, with a 1.2 % increase to 34,000 cases in
1992 (9.19% of total applications). A breakdown of
patent applications by the nationality of inventor is
as follows (Figure 2-5-16):

* Unired States: 47.0%

* Germany: 13.3%

¢ France: 6.4%

United Kingdom: 5.1%

A breakdown of patent applications by foreign
inventors in 1991 by field is as follows:
 Chemicals, meeals, cexeiles: 15 9%

* Daily commodicies: 11.7%

L

* Mechanical engineering: 7.8%
* Processing, operations, transportation: 7.3%

2.3.3 High-Tech Products '

High-tech products require large investments in
R&D as well as sophisticated technology during
their manufacturing process. The production of
high-tech produces manufactured in all the OECD
countries 15 growing at a faster rate cthan thac of all
manufactured goods. The amount manufactured in
1990 was 2.2 times greater compared to 1980, and
1.4 vimes greater compared to 1985 (1980 dollar-
based comparison).

12} Ac the OECT), the ratio of R&D expendicures ro production is caloulated by indusery seceor and classification into high-tech, mid-

tech, and low-tech is done according 1o the size of value.
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Swilzerland 3.8%

Patent applications
by faraign imsentons:

Netherlands 4,0% United States

47 0%

United Kingdom 5.2%

France 6.4

Figure 2-3-16 Share of patent applications in Japan by nationality of foreign inventors (1992)

Source: “Patent Agency Yearbook” compiled by the Patent Agency

(See Appendix 19)
, United ear(trillion
» J_E-IJEI'I United States Germany France Kingdom Others Eull;{rs]
All high-tech 236% Jad 3% | 120% [54%] 8% | 45%" ) 1985(1.09)
products| 22% I 3B5.9% [ o8 o7 65% [i2as 11990(1.54)
[ []es% 57 8% B0%]  130% | 116% |94k 0] 1985
Agrospace - Bl L
i iﬁ.ﬁ‘u 35.9% 1% | 137% | 135% [UE5%0 ] 1990
Office machinery| 07 F5e Wik [B3% 30 60% [0ii ] 1985
and computers| 37 5% | 34.8% B4 6% 1% [ A% ]1990
Electronic| [ Mk e 25 [_113% 5% [64% (03t 1985
mmpnn&nﬁJ_ 42 iy | 306 % | 100% H4%]6.2% [6R% ] 1990
e | a0t | 30 0% | 123%  Jaosd o0 | 240 1985
Drugs and medicines : e
’ | 3% | 29.2% [ 109 [19% 90% [ L | 1940
Precision| 7% 383% [108% 54% 5.1% [ 106% 1] 1985
in:struments_ 154% | 534% [ 1n1%  [67% 5.9% DEI% 1990

Figure 2-3-17 The production of high-tech products manufactured in OECD

Motes: 1.High-tech industries include the five listed above as well as Engine turbines.
2 Figures based on 1980 doller-based amounts. Figeures for 1990 are estimates.
Source: “Science & Engineering Indicators 1991” by the US National Science Board.

In 1990, the United States had che largest
production  share  of products
manufactured by country at 33.9%, followed by
Japan (29.2%), Germany (9.49), the United
Kingdom (8.5%) and France (4.7%). Japan's share
has increased over this 5-year period. By industry,
electric products  (42.0%)  and office

high-tech

machines/computers (37.5%) have high shares in
Japan (Figure 2-3-17).

Japan’s trade balance of high-tech products was
the highest among the selected countries. Germany
and the United Stares had a slight surplus and
France and the United Kingdom were generally

balanced (Figure 2-3-18).
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(exportsimports)

5- N high-tech products
= mid-tech products

4- N (ov-tech products

Japan United States Gemany France United Kingdom

Figure 2-3-18 Product trade balance by technology intensity (1990)

Note:  The following is a classfication of technology intensity by the OECD.
High-tech products: Aerospace, Office machinery and computers, Electronic components,
Drugs and medicines, Electrical machinery, Precision instruments.
Mid-tech products: Motor vehicles, Chemicals, Non-electrical machinery, Rubber, Plastics,
Mon-ferrous metals, Other transport.
Low-tech products: All other products.
Source; OECD statistics.

(%)
100—
90 Others
BO—
70 | 126% 5 i Kl
: 11.7% 12.0% 1368 12.0% | United Kingdom
60— . [
9.3% , : 1 8a2% | F
= | 99% | 10.2% eaw | rance
16.1% 13.5% | Germany
40— 18.1% 17.5% 15.5% ‘
i 234% | United States
g | 26.9% 23.3% 20.9% 20.1%
10 Japan
9.7% 9.9% 12.1% 125% 15.2%
1880 1982 1984 1986 1988 (year)

Figure 2-3-19 Export market shares for high-tech products by country

MNote : Same as Figure 2-3-17.
Source : Same as Figure 2-3-17.
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Science and Technology Policy Development in Japan

that appropriate evaluations are made;

# promote better treatment of  brilliant
researchers based on a proper evaluation; and

() #Festablish diverse ctypes of centers of
excellence (which refer to core research functions
with prominent research leaders, up-ro-date
research information, excellent facilities/equip-
ment, and substantial research assistance) by
concentrating research resources such as sraff
members and funds.

. Intensification of International Science and Tech-
nology Activities

In order to intensify international activities,
considering Japan's position in international
sociery, the government will:
1) #promote international collaborative R&D;
*# propose and lead international collaborative
R&D adopring original idea of Japan;
¥ improve the environment required for
promoting the international collaborative R&D;
2) #examine how Japan should cope with each
project of “mega- science” (which refers to
projects  absolutely requiring international
because participation of
researchers/engineers from a wide range of areas
and very large or complex facilities are necessary)

cooperation

with subjectivity in reference to the discussion
among researchers/engineers and Japan's research
potential, paying atrention nor to cause pressure
to other R&D activities while it is being
promoted;

#make efforts to form internacionally common
recognition of “mega-science”;

3) #rtake following action to expand science and
technology cooperation for developing countries
based on the concept that cooperation suitable for
the situarion of each country should be extended
mainly for ereating human resources as an aid to
fructify their own efforts;

a) # Expansion of the chances of dialogues to
identify developing countries' needs for cooper-
ation.

% Intensification of the funcrion of clearing
houses which provide information concerning
S5&T in developing countries and Japan.

124 ;

b) #Expansion of the technical assistance in the
official development aid such as the receprion of
trainees and dispatch of experts and improvement
of effectiveness of the cooperation by intensifying
liaison wich fund assistance.

c) #Continuous and systemartic expansion of the
research  cooperation and  intensification of
cooperation in cultivating human resources with
the countries in regions including Asia Pacific
region, which aim at improving their own R&D
ability and have to cope with a variety of scientific
and technological issues.

d) #Security of the close liaison berween research
cooperation and technical/fund assistance in efforts
to implement cooperarion effectively.

4) #extend research cooperation and, as required,
technical assistance for the former Sovier Union
etc. to support the reform to develop a market
economy;

5) #establish an internationally opened research
scheme by promorting the employment/acceptance
of foreign researchers and by smoothing their
acrivities in Japan, while implementing training
on the Japanese language and expanding
fellowship, and so on;

# expand the chances of dispatch of Japanese
researchers and administrators to foreign count-
ries;

6) #expand the international diseribution of
5&T informarion; and

7) #promote the international transfer of S&T by
making efforts to standardize the protection level of
intellecrual property and other areas concerned
wich S&T.

. Promotion of Science and Technology in Regions

Since S&T acrivities in regions are the motive
power of regional activation, and they contribute to
the formacion of decencralized nacional land, and
improve the quality of daily living of their
inhabitanes, in order to promote S&T regionally, the
government will:

1} #support any promotion by local governments
such as the establishment of S&T policies, the
ntensification of S&T promoting functions, the
fostering of research institutes and cesting
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3.2 The Council for Science and
Technology

The Council for Science and Technology (CST)
was established in February 1959 to comprehensively
promote overall science and rechnology policies of
the government. Under the
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

terms of the

Office. It is chaired by the Prime Minister and its

members include cabiner ministers dealing with

science and rechnology and distinguished experts in
various fields. The CST's main task 1s to advise the

Prime Minister in the following:

* Esrablishment of general basic science and
technology policy (Those related only ro cultural
sciences are omitted. Same below.)

* Establishment of comprehensive long-term
research goals

* Formulation of basic guidelines for promoting
research areas
These are especially important aimed at achieving

these goals. The CST recommends findings on

inquiries to the Prime Minister and, when

appropriate, submits CST-initiated advice (Table 3-2-

1).

The CST Committee on Policy Macters, composed
of distinguished experts from various fields, manages
important matters in a timely and appropriace
manner and designs and develops flexible science and
technology policy. The tasks of the Commirtee are 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 guidelines on
planning science and technology policies
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3.2.1 General Basic Policy
Recommendation Pursuant to Inquiry

Recommendation Pursuant to Inquiry No. 18
“Comprehensive and Basic Science and
Technology Policy toward the New Century”:
(referred to as Recommendation 18 below).
{(submirted on January 24, 1992)

Major changes both at home and abroad are
occurring in science and technology. In the
international areas, there is progress in the easing of
East-West tensions. There 1s movement among the
members of the European Community (EC) towards
unificarion, and we are confronted with the problems
to solve in order for mankind to survive and prosper,
such as environmental issues. Domestically, chese
changes  include rising  expectations  for
improvements in che standard of living, and the
rising demand for fulfillment of a healchy, safe and
comfortable life.

Therefore, on June 22, 1990, the Prime Minister
presented Inquiry No. 18 “Comprehensive and
Basic Science and Technology Policy Toward the
New Century” to the CST to decide upon basic
general policies on science and rechnology for the
next 10 years with a view towards the furure. In
response to the inquiry, the CST deliberated for one
and a half years and submitted a recommendation to
the Prime Minister on January, 1992,

The basic concept of the recommendation was for
science and technology to contribute to international
sociery and humaniry as a whole, and achieve the
following goals.

* Coexistence of humans in Harmony with the Earth
= Expansion of Intellectual Stock
* Construction of a Charming Society Where People

Can Live with Peace of Mind

It was suggested thac acrive and general policies
on science and technology should be developed.

Science and Technology Agency
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3.2.2 Basic Plan for Important Areas
of Research and Development

3.2.2.1 Views Concerning Basic Plans for
Research and Development on Energy
(submitted on June 21, 1991)

Major changes are taking place in the energy
situation as can be seen by the increase in global
environmental problems and other issues, and
therefore, the CST has purt together a new proposal on
a basic plan for energy R&D which was reported in
May, 1991, In response, a new basic plan was
decided in July, 1991.

In the basic plan, the following issues were
defined for energy R&D programs.

1) Secure a stable supply of energy

2) Construct an energy saving sociery

3) Respond to global environmental problems
4) Conrribure to international society

On the basis of these requests, the following items
were arranged as important R&D topics which the
government should be central in promoting for the
nexe 1) years.

» Diversification of energy sources

* [ncrease in efficient use of energy

* Reducrion of burden on the environment
* International response

* Basic and fundamental rechnology

Also, in order to promote the energy R&D
program more effectively and with cerrain priorities,
nine topics were selected which have the potential
for being completed by about the year 2010. These
topics are especially important for improving the
energy supply/demand structure and responding to
the problems of the global environment, and should be
strongly promoted by the government in the future.
Each government division or bureau is instructed to
promote efficient and effective R&D by determining
appropriate R&D plans and evaluating them in
relacively shore intervals. The following are policies
which the government should adopr in promoting
energy R&D:

* Comprehensive promotion of R&D
* Implementation of appropriate evaluations

* Nurturing talent
* Maintaining continuicy of R&D
* Promotion of international cooperation

3.2.2.2. Inquiry No. 19 Basic Plan for R&D
on Soft Science and Technology
(submitted on December 2, 1991)

Science and technology is facing a period of major
change in this complex, advanced society where
support for intelligent action is desired; a place
where we have broken the shackles of a possession-
oriented mass production/mass consumption society
and come to desire a high-quality, enriched and
unhurried lifestyle. 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
inguiry to the CST concerning basic R&D plans for
soft science and technology. The CST received chis
request and set up a new Subcommictee for Soft
Science and Technology made up of well-informed
individuals from a wide range of fields, from narural
sciences to cultural and social sciences. This
Subcommittee will carry our investigations and
deliberate on this request for approximately 10 years.
On December 2, 1992, after 2 years of investigation,
the Subcommittee submitted a report on rheir
findings concerning this request. Furthermore, based
upon this report, a Basic Plan for R&D on Soft
Science and Technology has been decided for January
1993 (decided upon by the Prime Minister).

In this report, it is stated that R&D developments
in soft science and technology often require
knowledge and procedures of natural sciences and
cultural and social sciences mutually. Furchermore,
as this is a relatively new area of science and
technology, it is stated chatr R&D developments
must be carried our placing continual importance on
exterior, environmental elements that promote
research, these being; the establishment of scientific
and R&D fundamentals, planned advancement in
R&D, consolidated research exchanges between the
natural and cultural and social science fields,
ensuring communication berween science and
technology and society, and the advancement of
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Table 3-2-1 Qutline of major recommemdations by the Council for Science Technology

Tithe

Date

Ohustlime

Recommendation for Inquiry Mo,
18 ‘comprehensive and Basic
Science and Technology Policy
toward the New Century™

January 24,
1992

This repart outlines the science and technology policies that Japan should pursue
over the next 10 vears. The basic concept of the recommendation was for science
and technolegy to contribute 1o the intemational society and humanity as 2 whole,
and achicve the following gorls,

* Coexistence of Humans in Harmony with the Earth

= Expanston of Inicllectual Stock

* Construction of a Charming Sociely Where People Can Live with Peace of
Mind Based on this report, the General Guidelines for Scicnce and Technology
Policy was April 1992,

Recommendation for Inguiry No, 9
“basic plans for Rescarch and
Development on Soft Science and
Technology™

December 12,
1942

This report addresses research and development related to sofl science and
technodogy that contributes o the support of intellecmual activities, improvement in
the comfon of the living environment, and balance with people and sociery. It
indicates the basic thinking of Japan in its promotion of this research and
development, the imporant research and development issues that the Govemment
should address, and policies for the promotion of each.

Recommendation for Inquiry No.
11 “comprehensive fundamental
pn]:'c'r..- fior prmmniun of science
and technology o cope with
current changing situations from a
long-term point of view

Movember 27, 1954

In order o comprebensively develop science and fechnobogy which will serve as the
basis of a new culture and civilization in anticipation of the 215t century, the
recornamendation r:uggﬁ.ugmem] guidelines as a hasis and nt mithid for
the science and technology policy for the next 10 years and with the following a5
basic comerstones:

* Promoting kighly creative science and technology

* Developing science and technology in harmony with man and sociery

* Emphasizing the intemational aspect of science and technology

Recommendation for Inguiry MNo.
12 “general guideline for science
amd technology policy™

December 3,
1985

The recommendation spacifies the content of the “general guideline for science and
techmology policy™ which forms the basis of the policy for promoting science and
technology. This recommendation ranks the promotion of science and technology
based on the concept of “promoting highly creative science and iechnology™ as a
fundamental policy guide and calls for policy development focused on the

of basic and pioneering science and technology. Further, the Cabinet approved
the general guideline in March 1986,

Recommendation for Inguiry MNo.
13 “intermediate and long-range
basic policy for national research
instituies™

Augusi 28,
1987

Taking into consideration the changes in  conditions surmounding national
research instiiutes and the problems which they are facing, the recommendation
suggests desirable medium- and long-term prospects for their futune roles and
ways 0 activale these roles,

Recommendation for Inquiry No.
14 “basic plan for R&D on
Materials science and technology™

August 28,
1987

I order 1o comtribute 1o the comprebensive and systematic promotion activites in
the future concerming matenals science and technology, which had been rapidhr
progressing in recent years, the mecommendation suggests significant R&D
objectives and promotion measunes for the next 10 years.

Recommendation for Inquiry No.
15 “bazic plan for R&ED on
information / Electronics science
and technology™

March 14,
1934

With respect to informationfelectronics science and technology which have been
rapidly progressing in recent years, the recommendation suggests expecistions of
this sort of science and technology, significant R&D tasks and promodion
meeasures for the next 10 years

Recommendmtion for Inguiry Mo,
16 “comprehensive basic policy
for upgrading and

strengthening the infrastructure to
support science and technology™

[Décember 5,
1989

With respect to production and distribution of science and technology
information, development, installation and provision of instruments and
equipment and development, storage and supply of materials, penetic resources, elc..
a5 well as rescarch supporting functions as an environmental condition for
activating fundamental activities and imellecteal properties, the recommendation
suggests the fundamental guidelines for constructing the infrastructure to suppor
science and technology.

Recommendation for Inguiry No.
17 “basic plan for R&D on eanh
science and technology™

June 22,
159K

The recommendation suggests basic concepis and important R&D topics with the
aim of promoting R&D in earth science technology in Japan as & whole and
indicates the role that the government should have and the measures it should
umplement in promoeding Ra i,

Note: Excluding recommendations described in the text.
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(Table 3-2-1)
Title Date Outling
Recommendation for Inguiry No. This report outlines the science and technology policies thai Japan should pursae
18 “Comprehensive and Basic over the next 10 vears. The batic concept of the recommendation was for science
Science and Technology Policy and technology to contribute to the intemational society and humanity as a whole,
toward the New Century™ Junuary 24, and achieve the following goals.
1992 = Coexistence of Humans in Harmony with the Eanth
* Expansion of [ntellectual Swck
» Construction of a Charming Society Whene People Can Live with Pesce of Min
Based on this report, the General Guidelines for Science and Technology Policy was
achopled in April 194952,
Recommencdation for Inguiry No. This report addresses rescarch and development related 1o soft science and
19 “Basic plans for Research and December 2, technology that contributes to the support of intellectual activities, improvement in
Development on Salt Science and 1992 the comfort of the living environment, and balance with people and society. It
Technology" indicates the basic thinking of Japan in its promotion of this rescarch and
development, the imporiant research and development issues that the Govermment
should address, and policies. for the promaotion of each.

international exchanges.

3.2.2.3 Request No. 20 On a Basic Policy
for Securing Human Resources in the
Fields of Science and Technology
{December 2, 1992)

In order to make further scientific and technical
advances in an environment where these fields are
becoming advanced and complex, obtaining highly
creative scientists and rtechnicians becomes an
extremely importanc task. However, in spite of
everincreasing demand for personnel in scientific and
rechnical fields, less of them are filled due to
phenomenon like decrease in the population at a
productive age, and decreased interest in scientific
and technical fields among young people. In order to
deal with these issues, a need to strengehen policy
designed to maximize the potential ability to obtain
personnel in science and technical-related fields is
becoming necessary.

Under such conditions, the Prime Minister
submitted to the CST in December, 1992, Request
No. 20, Basic Policy for Securing Human Resources in
the Fields of Science and Technology. The CST, after
receiving this request, is at present forming new
subcommittees on human resources in the science
and technical field and conducting furcher
investigations and deliberations.

3.2.2.4 Request No. 21 Basic Plans for
Research and Development on Advanced
Fundamental Science and Technology
{June 7, 1993)

Stare-of-the art procedures used in different
scientific and technical fields, or leading basic
foundation science and assists
developments in all fields, assists in the joining of

technology,

different fields, opens new fields where it can be
applied, and offers a new path to solve problems that
could not be dealr with effectively by the tradirional
methods of che past.

In order to plan for increased promotion of
leading basic science and technology from here
onward, continuous utilization of comprehensive
knowledge from a wide range of fields, in addirion
to planned R&D activicy in these fields, must be
carried our. As such, in June 1993, the Prime
Minister submitted to the C5T an request on the
Basic Plan for Research and Development in Leading
Basic Science and Technology.

3.2.2.5 Revision of Fundamental Planning of
R&D Concerning Disaster Prevention

The current fundamental planning of R&D
concerning disaster prevention was decided upon in
1981 by the Prime Minister, and since chen, R&D
for disaster prevention in Japan has been carried our

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1993 129



Science and Technology Policy Development in Japan

based upon this policy. All R&D for disaster
prevention carried out based upon the eriginal plan in
the more than 10 years since this decision was made.
However, the environment surrounding these R&D
activities is undergoing major changes, such as
changes in the composition of sociery and increased
demand for international contribution and
cooperation from Japan. In regard o these changes, it
was decided in December 1992 by the CST
Committee on Policy Matters that the current
fundamental plan should be examined for revisions. As
of January 1993, che Panel on Science and
Technology for Disaster Prevention was reorganized,
and deliberation and investigations are being
conducted concerning the content of the revisions,
dealing with issues such as the recent remarkable
advances in new technology, ecc.

3.2.3 Comprehensive Coordination of
Policies for Science and Technology
Promotion

3.2.3.1 The Special Coordination Funds for
Promoting Science and Technology (SCF)

The SCF were first established in FY1981 to
facilitate the comprehensive promortion of science
and technology as a funded system; they are
expended in accordance with the guidelines decided by
the CST. Adminiscration of the SCF 1s based on a
policy document entitled The Guiding Principals for
the Special Coordination Funds for Promoting
Seience and Technology which was adopted by the
CS5T in March 1981 and finally revised in January
1992, More specifically, che SCF are expended in
accordance with the annual guideline of the CST
Policy Commirtee.

New in FY'1993, distinguished individuals from
around the world gathered and began promoting che
Center of Excellence (COE) in order to communicate
advanced core research results and other mateers to
the world.
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3.2.3.2. 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

In June 1993, the following items were selecred
as priority items for promotion in the Basic
Guidelines for Implementing Priority Programs
for the Promotion of Science and Technology for
FY1994.

* Increased funds for basic research at universities
and national resting research facilities.

* Renewal of facilities to support advanced research
and update
equipment.

* Strengthening of the R&D base such as
maintenance of the research informartion
discribucion base, etc.

superannuated  facilities and

¢ Improving the research environment .

* Enrichment of human resources.

= Strengthening  international
technology activities.

science  and

3.2.3.3 Basic Investigations for Planning
Science and Technology Policies

The Sub-committee on Research Projects under
the CST Committee on Policy Martcers undertakes
background investigations and analyses in areas
deemed essential to the formulation of policies for
comprehensive and effective R&D promotion.
Investigations are financed wich appropriations from
the SCE

In FY 1991, investigations were conducted on the
following:

* Development direction of science and rechnology

* Promotion of international science and technology
acrivities

* Strengthening the basis for promoting science and
technology

* Science and technology in harmony with people
and society

In addition, The Science and Technology Forum
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15 being held every year as a part of the basic
investigations, with the theme for FY1992 being
“Dreams of Science and Technology”. The 12th
forum on science and technology was held in January
1992,

3.2.3.4 Investigation Concerning the
Research Information Network

In July 1993 the Ad-Hoc Committee on Research
Information Network was escablished under the CST
Committee on Policy Matters to encourage the
mutual use of a network and computers to diseribute
research information to deal wich issues such as the
advancement of research content. Here, investi-
gations are being carried out on issues related to how
Japan's research information network should be
maintained, based on the situation of the research
informacion nerwork inside and outside of Japan,
researcher needs and other marrers.

3.2.3.5 Follow-up Activities for CST
Recommendations

Follow-up activities for CST recommendations are
conducted in the Committee on Policy Matters to
realize the policies recommended and to coordinate the
science and technology policies.

The Repart on Measures Taken for the
Promotion of Science and Technology was
compiled and published, summing up government
policy in relation to Request No.18.

3.2.3.6 International Activities

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 our large-scale
international cooperation and long-term R&D, and
global environmental issues also have rapidly
increased.

Therefore, the CST also has been required to use its

own judgment to develop international activities in a
MOre active Manner.

3.23.6.1 The Carnegie Group Meeting
(Government Summit Meeting of Science and
Technology Advisors)

The members of the meeting were advisors on
science and technology to the leaders of che summic
countries, the EC and the former Sovier Union and
Cabinet ministers in charge of science and
technology with nine members all rogether. By the
suggestion of Dr. Bromley, the then Presidential
Advisor on U S. Science and Technology, the purpose
of the meeting was to exchange opinions on various
problems concerning science and technology, report
the results to the leaders of each country and reflect
them ar the summit talks.

Meetings have been held five times up to present,
and was held recently in May 1993, in Toronto,
Canada.

3.2.3.6.2 The Meeting of Presidents of
Research Councils of G7

A meeting proposed by Dr. Heinz Maier-Leabnicz,
the president of German Research Foundacion,
which conducts open debate concerning various
science and technology-related problems with
representatives from the Research Councils of the
summit countries attending. The conference has
been held annually for 12 years, and Japan has
participated since the 6ch meeting. Recently, the
conference was held in Venice, Iraly, in May, 1993.

3.2.3.6.3 EC-Japan-US Trilateral Meeting on
Science and Technology Policy

The CST suggested holding a meeting between
the three parties in which representatives from the
CST, President’s Council of Advisers on Science and
Technology, and the EC Science and Technical
Committee get together to exchange opinions on
policies regarding science and technology in general.
The first meeting was held in Tokyo in October
1991 after an agreement was reached berween the

parties involved.
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3.2.3.6.4 Others

Orther than these meetings, the CST started from
FY 1920 The International Invitation Program of the
CST. Important persons from abroad involved in
science and technology policy are being invited to
exchange opinions with members of the Committee on

Policy Martters of the CST.
3.2.3.7 Regional Activities

The “Meeting on Regional Science and
Technology Policy” has been held since FY1991
with members of the Commiteee on Policy Matrers of
the CST and the Chairmen of Regional Councils on
Science and Technology. The meeting is to
strengthen collaboration between the CST and
Prefecrural Councils on Science and Technology and o
contribute to planning regional science and
technology policies. In addition, the CST, in
cooperation with the regions, has been conducting a
regional science and technology policy forum since
FY 1992, where various sciencific and rechnical
problems from the administrative sections of Japan

wide
policy,
administrative officers, etc., participate in this forum

are debated. Researchers connected with

regional science and technology
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3.3 Structures for Promotion of
Science and Technology

3.3.1 Administrative Structure

In principle, each government ministry or agency
has Jurisdiction over the promotion of its own
science and technology programs. Research is carried
our at relevant national research instituces, public
research corporations and nactional universities,
including inter-university research insticutes.
of Educarion
research  programs; che
Ministry of Health and Welfare conducts research
with the goal of improving health and social welfare;
the Minisery of Agriculture, Forestry and Fisheries
carries on research for the nation’s agriculrure,

For example, the Ministry

adminiscers academic

forestry and fisheries; the Ministry of International
Trade and Industry carries on mining and indusery
research; the Ministry of Transport has jurisdiction
over transport-related research programs; and the
Ministry of Posts and Telecommunications oversees
telecommunications research (Figure 3-3-1).

Some institutions, such as the Japan Key
Technology Center, the Bio-oriented Technology
Research Advancement Institution, the Drug Fund
for Adverse Reaction Relief and Research Promotion
and the New Energy and Industrial Technology
Development Organization, support R&D acrivities in
the private sector.

The Science and Technology Agency maintains
the comprehensibility of the country as whaole, and
conducts planning, drafting, and promotion of
fundamental policies related to science and
technology in order to promote efficient and effective
use of science and technology. The Agency also
coordinates budger estimares for laboratory research
facilities and performs clerical work related to the
Special Coordination Funds for Promorting Science
and Technology(SCF). Through such functions, the
Agency oversees the management of the science and
technology functions of relevant administrative
agencies, as well as general promotion science and

technology related adminiscration, such as R&D in
leading, critical science and technology fields and the
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Table 3-3-2 Science and technology expenditure allocations—1989 to 1993 (¥100 million)

Fiscal Year
Item
1984 1980 1981 1992 1893
Science and Technology Promotion Fund (A) 4,480 4.755 5,074 5,478 5.944
Percentage increase over the previous %% 7.4 6.1 6.7 80 108.5
year
Research apprapriations ather than those (B) 13,676 14,454 15,153 15,868 16,718
garmarked in the Science and Technology
L Lo T T R g 06 B 00 S W R i e e
Percentage increase over the previous e 5.3 5.7 4.8 4.7 105.4
vear
Science and Technology Budget :Er @ | 18156 19200 | 20226 | 21347 | 22663
+
Percentage increase over the previous b 5.8 58 5.3 5.5 106.2
vear
General Account Budget (D) 604,142 | 662,368 | 703474 | 722180 | 723548
Percentage increase over the pravious e 6.6 9.5 6.2 2.7 100.2
year
(C)= (D} x 100 b am 2.90 2.88 2.96 3.13
General Budget Expenditure (E) 340,805 | 353,731 | 370,365 | 386,988 | 399.168
Percentage increase over the previous o 3.3 3.8 4.7 4.5 103.1
year

MNotes: 1. Amounts shown for research appropriations other than those earmarked in the Science and
Technology Promotion Fund (B) are Science and Technology Agency estimates.
2, All amounts represent initial budgets or appropriations for the respective fiscal year.
3. 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.

strengthening and enrichment of creative and basic
research (The Agency has no jurisdiction over science
and technology research carried out at universities
and colleges, nor for research programs relaced solely
with the humanicies).

3.3.2 Expenditures Allocations

In Fyl993, the national science and technology
expenditures totaled 2.2663 trillion yen, up 6.2%
from the preceding year.
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Compared to the previous year, the FY1993
General Account Budger rose 0.2% and the General
Budget Expenditure increased by 3.1% (Table 3-3-2).

In FY1993, expenditures for the science and
technology promotion fund were 5.944 billion yen, up
8.5%, and other research-related expenditures
primarily at national universities were 1,671.8
billion yen, up 5.4%.

Figure 3-3-3 shows trends in research allocations
from the science and technology expendicures over
the last seven years.
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Table 3-3-4 Science and technology expenditure breakdown by ministries and agencies

{million yen)
Fiscal Year
Ministry or agency
1992 1833
Diet 536 547
Science Council of Japan 1,042 1.086
Naticnal Police Agency 1,209 1,305
Hokkaido Development Agency 150 158
Defense Agency 126,089 1371475
Economic Planning Agency 930 9E5
Science and Technology Agency* 551,778 581,577
Environment Agency 11,847 12,597
Ministry of Justice 1,063 1.141
Ministry of Foreign Affairs 8,251 9,533
Ministry of Finance 1,434 1,542
Ministry of Education 992,108 1,046,345
Ministry of Health and Welfare 61,338 64,343
Ministry of Agriculture, Forestry and Fisheries® 76177 81,030
Ministry of International Trade and Industry 259,223 280,712
Ministry of Transport 22515 24,220
Ministry of Posts and Telecommunications 32733 34,97
Ministry of Labor® 3,787 4,340
Ministry of Construction 6,936 8,010
Ministry of Home affairs 6831 658
Total 2134676 | 2.266,265

Motes: 1. All amounts represent initial expenditure or appropriations for the respective fiscal year.
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2. Since amounts have been rounded off, the sun of the amounts for each column, and the totals
shown above do not necessarily agree.

3. The amounts for the ministries and agency marked with asterisks include the Science and
Technology Expenditure appropriations from Special Accounts.

4. Some amounts include appropriations for humanities.
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Table 3-3-5 Science and technology expenditures of elected countries

Country Fiscal Year
1988 19839 1890 1991 1992 | 1993
100 millson yen
Teen 17,157 | 18,156 19,208 | 20,226 | 21,347 | 22,663
Porcentage of the Sciance and Technology
Budget in the General Account Budpet (%) 3.03 a.01 290 2 BB 208 .13
LSS milkion
86,100 |60, 760 | 63,810 | 85,965 | 63.570 | 67.951
United o2
million yen
States 71,920 |83,849 | 92,397 | 88,855 | 80,480 —-
Percantage of the science and technology
allocation in the national budgel (%) 53 53 81 5.0 4.6 4.6
DM. million
13,255 (14,036 | 15,148 | 16,853 | 17,968 | 17,938
Germany 100 miltian yen
g 9,672 (10,300 | 13,575 | 13,681 | 14,564 —
Percentage of the science and lechnotogy
allocation inthe national budget (%) 4.8 4.8 4.0 4.1 4.3 4.2
Fr. milli
Ay’ 71,767 |75,008 | 78,054 | 78,333 |82,000] —
France 100 milli
1lls g 15,437 [16,217 | 20,755 | 18,706 [ 19.606| —
Percentage of the science and technotogy
allocation in the national budget (%) 6.2 6.5 6.4 B.1 B.2 e
tr. milli
e a504| a770| 4963| s074| 5588 —
United 100 milli
iy millign
Kingdom kil 10,282 10,790 | 12,824 | 12,096 | 12488 | —
Percentage of the science and technology
alizcation in the national budget (%) 38 as 36 a3 34 —

Notes: 1. The accounting procedures for national expenditures and for science and technology allocations
from national expenditures 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.
3. 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.
The budget for 1990 includes only that of former West Germany.
Sources: Japan — The Budget Book
United States — Budget of the US 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, 1890
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3.4 Promotion of Research

Activities

3.4.1 Promotion of Important Areas of
Research and Development

3.4.1.1 Basic and Leading Science and
Technology Fields

3.4.1.1.1 Materials Science and Technology

Subseance/Marerial  Series of  Science and
Technology has not only been making contribucions of
clarifying

phenomena/functions thar occur at the atomic or

new  sciencific  knowledge by
molecular level or in ultimate environments such as
ferromagnetic fields and ultra-high-vacuum or ulera-
high pressure. It has also had an extremely large
influence on the economic world in the past through
the discovery of new materials. As can be seen in the
example of new superconductors, the appearance of
new materials cultivaces new rechnology and brings
qualitative changes to even related rechnology, which
has had a great impact on society, and of course
indusery as well.

The discovery of new materials has always
strongly influenced societies and their economies.
Such marerials 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 che discovery of new
superconductive materials.

The exploration of many potencial 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 rechnology — the common and basic
technology that supports the innovative research that
lies ar che basis of a scientific and technological
NACION.

Today the need for advanced materials is especially
acute in big R&D projects related to supercomputer
developmenr, fusion technologies, and space and
ocean research and development. The research,
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development and producrion of new marerials are
treated as an immediate priority in the nation’s
science and rechnology programs.

3.4.1.1.1.1 Comprehensive Promotion of

Materials Science and Technology
Accordingly, the government is currently

implementing policies for furcher advances in many

fields of marerials science and technology. This is in
keeping with the CST's recommendation on priority
and also is in conformance with recommendations
from the Council for Aeronautics, Electronics and

Orther Advanced Technologies.

In May 1986 the Prime Minister presented
Inquiry No. 14, Basic Plan for R&D in 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, In response, the government announced The
Government Research and Development Plan on
Substance/Material Series of Science and
Technology in October of the same year.

Furthermore, the conference studied Inguiry
No.18 General Basic Policies on Science and
Technology for the Next Century (submitred in
January, 1992) and indicated the necessity of
developing subsrances and marterials with high
performance and new functions which go beyond
existing limits.

Also, the Council for Aeronaurics, Electronics and
Other Advanced Technologies established general
guidelines for the advancement of marerials science
and technology through recommendations made in
the following reports:

* Recommendation pursuant to Inquiry No. 5, The
Concept of Ultimate Science for Advanced
Materials and the Guidelines on R&D
Promotion, submirtted in Auguse 1980.

* Recommendarion pursuant to Inquiry No. 7, The
Concept of New Advanced Materials’ Design
and the Guidelines on R&D Promotion,
submirtted in September 1984.

* Recommendation pursuant to Inquiry No. 9, The
Concept of Measurement Control Techniques
for New Advanced Materials and the

Science and Technology Agency
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Guidlines on R&D Promotion, submitced in

March 1986,

* Recommendation pursuant to Inquiry No. 13, The
Concept of Intellipent Materials and the
Guidelines on R&ED Promotion, submitted in
MNovember 1989,

A recommendation (submitted in Movember,
1991) was made ar the council regarding Inquiry
No.16 The Concept of Analysis/Evalution
Techniques for New Advanced Materials and
the Guidelines on R&D Fromotion.

3.4.1.1.1.2 Promotion of Materials R&D

Due to the demand for materials science and
technology, government ministries and agencies are
participating in R&D in chis 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 Instituce for Research in Inorganic
Marerials and cthe National Rescarch Institute for
Metals. Moreover the Agency supports research
through che
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
basic research in marterials science and technology, as
well as fostering research
environment utilizing Grants-in-aid for Scientific
Research  that  allows national
universities to pursue their own chosen avenues of
study.

The Ministry of International Trade and Industry is
conducting R&D on new materials in manufacturing
technology, etc., according to the Industrial Science
and Technology Frontier Program.

In addirion, the Miniscry of International Trade
and Industry (MITI) promotes cutting-edge, basic
R&D conducted by the international joint research
teams through the Internacional Joint Research

administration of cthe Special

creativity in the

scientists  at

Grant Project (NEDO grant) in order to improve
the level of substance and marterials science and
technology internationally.

3.4.1.1.1.3 R&D in Superconductive Materials

The discovery of high, critical temperature oxide-
based Zurich
Laboratories in Swirzerland in 1986 caprured the
attention of the worldwide scientific community. In
January 1988, che Science and Technology Agency’s
MNarional Research Institure for Metals subsequently
discovered the first of several bismuth-based
superconducting compounds,

Although commercial applications of chis family of
materials are expected to dramartically affece che
world’s socioeconomic situation, the current reality

superconducteors at the IBM

is thar superconductive materials are scill far from
being commercially useful. Basic and innovative
R&D is needed in areas such as the theorerical
description  of  high  critical  temperature
superconducting behavior and in new materials
research.

To this end, a number of government ministries
R&D  into
superconductive marerials in accordance with The
Basic Promotion for Research and Development
on Superconductivity compiled in November 1987
by the Ad-hoc Committee on Superconductivity
which was set up under the CST's Policy Commirttee

In May 1988, the Science and Technology Agency
set up The Multi-core Research Project on
Superconductivity wo promote the fundamental
research required to realize the potential of new
superconductive materials. This project takes a two-

and agencies are promoting

fold approach.

Firstly, it encourages maximum utilization of che
R&D potential of research organizations such as the
National Research Inscivuce for Metals, the Nacional
Institute for Research in Inorganic Marterials, the
Japan Aromic Energy Research Institute, che Power
Reacror and Nuclear Fuel Development Corporation,
the Nartional Space Development Agency of Japan,
and the Instituce of Physical and Chemical Research
(RIKEM).

Secondly, it encourages joint research projects
between Japanese and overseas scientists and fosters an
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environment that promotes the exchange of scientists
and information.

The Ministry of Education is promoting basic
research in superconductors ucilizing Granc-in-aid
for Scientific Research for innovative programs to
researchers at the national universiries.

The Ministry of International Trade and Indusery
joint projects to develop
superconductive materials by promoting industrial-

also is promoting

academic-government cooperation. The Ministry’s
work is mainly carried our as parc of the Moonlight
Project and che Research and Development Program
on Basic Technologies for Furure Industries, utilizing
research institures such as che Electrotechnical
Laboratory and the National Chemical Laboratory for
Industry as key instirures for cooperation. The
Miniscry  also is  providing support for che
International Superconductivity Technology Cenrer
(ISTEC).

The Ministry of Posts and Telecommunications is
pursuing R&D on superconductor technology for
advanced relecommunicartions systems. This research
is being carried out under the auspices of
Applications of Superconductors as a part of the
Frontier Research and Development for Next-
generation Telecommunications Systems Program
which is being promoted through industrial-
academic-government coopetation centering on its
Communicarions Research Laboratory.

Finally, the Minisery 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 Inscitute (RTRID.

3.4.1.1.1.4 Promotion of International
Cooperation in Material Science and
Technology

The government is supporting a number of
bilateral and mulrilateral research projects and is
encouraging the flow of information and interaction
berween researchers. Some of these projects are
described below:

{1} Bilareral projects
* Research for High-Magnetic Field between che
Narional Research Institure for Merals (Japan) and
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the Francis Biccer Nacional Magnetic Laboratory

{the Mational Science Foundation, the United

States). This project was adopred in May 1990

under the Japan-U.S. Science and Technology

Cooperation Agreement.

* The Arom Alignment Control for New Marterials
between the Research Development Corporation
of Japan and Cambridge and London Universities in
the United Kingdom.

{2) Multilateral projects

* The Versailles Project on Advanced Marerials and
Standards (VAMAS)

Further, in 1990, Japan became the selected
country for the International Electrotechnical
Standard Commission’s (IEC) recently established
Technical Committee on Superconductivity (TC-90).

3.4.1.1.2 Information/electronics Science and
Technology

3.4.1.1.2.1 Importance of Promotion

The role which information and electronics related
science and technology performs is becoming
increasingly important as we enter an advanced
information society. Up to now, information- and-
electronics-related science and technology has
brought major innovations to economic and social
activities through the growing sophistication and
funcrionality of semiconductors and compurers, It is
predicted that information will increase qualitatively
and quantitatively in the furure, and higher
functions in information processing such as
intelligent processing and handling ambiguous data,
efficient and accurate transmission of information
with various input/output forms and R&D related to
human interfaces wich informarion processing and
transmission are strongly desired.

With an understanding of this, reporting in
March, 1989 in relation to Request No. 15, Basic
Plan for Research and Development on Science and
Technology Related to Infermacion and Electronics,
CST presented important R&D goals and promotion
policy for research developments for the next 10 year

3.4.1.1.2.2 Important R&D Tasks

(1) Devices, etc.
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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 rechnology
and in the processing, transfer and storage of
information.

A medium-rto long-term analysis suggests thar
physical and chemical research and application-
oriented engineering R&D in the following fields
also merits serious actention:

» Quantum behavior of electrons

* Properties of materials thar have undergone atomic
lattice manipulation or alteration

* Micro-functional properties of biological strucrure

Practical research activities are being conducted in
The Creation of Materials for High-functional
Opto-electronic Devices with a Liquid-drop
Epitaxy Method by che National Research Institute
for Metals of the Science and Technology Agency,
and Quantized Functional Device R&D,
Biological Device R&D, and other topics being
pursued through che Ministry of International Trade
and Induscry’s (MITI) Industrial Science and
Technology Frontier Program. At The Ministry of
Posts and Telecommunications, R&D on Device
Technology for Millimetric and Submillimetric
Waves by Communications Research Laboratory and
R&D on Molecular Device Technology for
Advanced Telecommunications as a part of the
Frontier Research in Telecommunications are being
promored.

(2) Information Processing

Higher speeds and increased capacity promuse
implementation of advanced and highly functional
informarion processing such as interpretation of
information at a conceptual level and inference,
learning and judgment by the funcrion icself.
Therefore, ‘it is urgencly required that not only
computers be more sophisticated and functional, bur
also that advanced and higher software functions,
algorithms, programming  languages, and
architecrure based on a torally new concepe, and
open system formats be promoted.

Another important R&D field is the research on
basic and fundamental rechnologies 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 Systems and Their Applicability to
User Interfaces and Non-linear Logic-based
Systems and research on The Development of
Fundamental Technology for Sensor Fusion are
being conducted with funding allocated from che
Special Coordination Funds for Promoting Science
and Technology.

In addition, KReal World Computing (RWC),
and R&D for Open Basie Software Systems have
been started by the Ministry of International Trade and
Indusery, and R&D on Modeling a New Software
Structure and Research Related to Flexible,
Intelligent Processing based on The Industrial
Science and Technology Frontier Program ac the
Elecerotechnical Laboratory are being conducted.

(3) Human Interfaces

Properly speaking, information systems are
supposed to be tools to support and enrich human
activity. But the current situation is that the human
side must put in a great deal of efforr to,
accommodate the information system during
operation. Thus, in order to sufficiently ucilize the
abilicies of information systems, it is essential to
build advanced human interfaces which think from a
human standpoint and which anyone can easily
operate according to his or her abilities. This can be
achieved by basic research in cognitive science,
which aims at understanding the information
processing funcrions of human beings, and
psychology
creariviry, and ocher activicies.

applications research o support

As research in this field, the Ministry of Posts and
Telecommunications is conducting The R&D
Program on Network Human Inferfaces and
R&D on Information and Communication
Systems for Groupware as a part of the Frontier
Research in Telecommunications. In the Ministry of
International Trade and Induscry, The Future
Personal Information Environment Develop-
ment (FRIEND 21) and other acrivities are being

promoted.
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(4) Information transmission

The information-oriented structuring of society
has increased the dependence on  rele-
communications, necessitating research in high-
speed,
telecommunications systems that support more
sophisticated applications.

In cable-based rtelecommunications, coherent-
light-wave optical communication systems using
lasers have the potential ro realize long-distance dara

high-volume and more advanced

transmissions with an exceprionally high volume.

In addition, research is being conducrted on
transmission rechnology based on new principles
such as quantum optical cransmission which is seen as
the next generation of communications technology
as well as new communications technology such as
miniature transmission satellices and scracosphere
wireless relay systems.

As advances in transmission capabilicies,
construction of a flexible network with diverse
connectability and an intelligent network wich
various service functions to respond to sophisticated
needs are expected, and at the Ministry of Posts and
Telecommunications, R&D on Telecommunication
Technology af 3-Dimensional Moving Pictures as
a pioneering R&D program and Research on
Sophisticated Intelligent Functions for Nexi-
Generation Communication Systems as a part of
Frontier Research in Telecommunications are being
conducted.

(5) Application to Social Needs

R&D s underway for technology supporting
medical care, education, production and culeural
pursuits to realize an abundant and comfortable
lifestyle, applying the technologies in (1) - (4) to
human society. Concrete research is being conducted
by MITI, such as research on Applied Technology for
Measuring Human Senses, as a part of R&D in large
scale industrial technology, and further R&D in chis
field is anticipated in che furure.

Table 3-4-1 summarizes the major R&D subjects in
informationfelectronics science and technology
undertaken by the various government ministries
and agencies during FY 1992,

3.4.1.1.3 Life Sciences
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The life sciences aim ar elucidating the aspects of
life in 1ts many forms and complex and elaborate
mechanisms involved. Research in the life sciences
has the potential to contribure substantially co the
solution of many problems related to health care,
medical crearment, environmental conservarion, and
the agriculture, foresery, fishery, and chemical
industries. The life sciences are fields looked upon
with high expectations to make realistic large
contributions to a healthy, enriched life for the

people of Japan.

3.4.1.1.3.1 Basic Policies for the Promotion of
Research in the Life Sciences

In 1971 the CST submitted its Recommendation
pursuant to Inquiry No. 5, citing the importance of
promoting research in the life sciences. Afeer that,
steady promotion of research in life sciences has been

proceeding on the basis of recommendations of the
CaT.

3.4.1.1.3.2 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 moralities. The formulation of
an appropriate set of policies to promote cancer
research was so important that in 1983 the Cabinet
Council for Cancer Counter Measures submitred a
Comprehensive 10-wvear Strategy for Cancer
Control. Since FY 1984, relevant miniscries and
agencies have promoted cancer R&D in accordance
with this scrategy.

In 1987, the Cabinet Council for Counter
Measures of AIDS formulaced The Fundamental
Principle for Countermeasures of AIDS to deal
with this important disease of the immune system,
and research is underway at the Science and
Technology Agency, the Minisery of Education and
the Ministry of Health and Welfare based on the
revised version of this guideline prepared in March,
1992.

3.4.1.1.3.3 Promotion of Studies on the Hu-
man Genome Analysis
Human genome analysis is aimed at reading out

Science and Technology Agency
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the base sequence of the entire human DNA. It is
expected thar the analyses will bring about many
benefits such as clarification, diagnosis and other
illnesses and che elucidation of organisms’
evolutionary mechanisms caused by genetic, Based
on Recommendacion No. 12 by the Council for
Aeronautics, Electronics and Other Adwvanced
Technologies in 1988, Comprehensive Strategy for
Promoting R&D on Human Genome Analysis,
and the proposal by the Science Council in 1989,
various research activities have been conducted in
relevant miniscries and agencies. In August, 1991, a
report was put together by the Human Genome
Committee set up in the CST's Panel on Life Sciences
(established in 1990) on the present status in this
country, international trends and che future course of
human genome analysis.

Based on these achievements, the Institute of
Physical and Chemical Research is carrying out basic
facilitation for research on the development of
analysis materials and an automatic analysis system for
human genome, while research focusing on
particular genes and development of new methods to
analyze human genome informartion is taking place
mainly at universities. The Ministry of Agriculture,
Forestry, and Fisheries starred research on rice
genome analysis in 1991,

In May, 1992, a Genome Darta Base (GDB) was
established to be managed with international
support to uniformly collect the results of human
genome analysis conducted around the world, and
also in Japan the GDB Japan Node is scheduled to
start in 1993, Ic is expected thar research of human
genome analysis will further develop in the future,
based on these trends.

3.4.1.1.3.4 Promotion of Recombinant DNA
Research

Experiments in recombinant DNA technology
have improved the quality of life by assisting 1n
determining the cause of diseases, manufacruring
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
Kecombinant DNA. Based on 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 each time knowledge
increases in the field. In September 1991, the 9th
amendment was made due to an overall review of the
guidelines based on progress in genetic introduction
technology and other areas. The CST plans two
continue to review the Guidelines to meer the
increase of knowledge and requirements in research
ensuring safety in the experiments.

In 1978, the Science Council of the Ministry of
Educarion proposed its own ser of guidelines to
ensure the safe, smooth progress of research on
recombinant DNA ar 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
subsequently undergone seven revisions as a resule of
further deliberations within che Council.

In considering the use of recombinant DNA
technology at the stage of commercialization, the
Ministry of Health and Welfare, the Ministry of
Internacional Trade and Industry and the Ministry of
Agriculture, Forestry and Fisheries have issued
Ré&D respective

guidelines for under their

jurisdicrions.
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Research [nstitute

conirol intervals
% Research concemning utilizing GPS of mrcraft

(Table 3-4-1)
Minisiry or agency Research institute or program Subject
¥ Rescarch conceming configurative operation properties in human
* National Institute of Bioscience interfaces
Ministry of and Human-Technology ¥ Rescarch conceming measurement and engineering structures of human
Imernational Trade and skills
Indusiry
Finformation-Technology % R&D of open substrate softwarne
Promotion Agency (IFA)
% Research concemning an aircraft collision prevention system having a
. 1 homzontal evasive funciion
N ¥ Electronic Mavigation : 7 S .
Ministry of Transpart # Research concemning aircraft monitoning measures o shorten vertical

Ministry of Posis and # Communications Research

# RE&D on mobile radio communscation sysicms uSing microwaves
frequency band

# R&D of notwork human interfaces

% Rescarch on multi-dimensional knowledge funchons for nexi-genermtion
Ccommunications

[lEiocEaempnivesion Ay # R&D of unexplored cleciromagnetic waves

# RED concerning fundamental technology for ultra-mult-dimensional

plastic networks

# R&D on device technology for millimetnic and submillimetric waves
Ministry of N Ol mollioal Stwre Instiinie % Research conceming the development of electromic publishing
Construction technology of maps

3.4.1.1.3.5 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 Aeronaucics, Electronics and Orther
Advanced Technologies submitred its Recomm-
endation No. 14 Policy for Promoting General
R&D for Basic Studies in Glyco-technology, in
July 1990. Based on the recommendarion, research
activities have started focusing on the elucidation of
functions in the living body and the analysis of
structures of sugar-chains with cthe cooperation and
coordination of the Science and Technology Agency,
the Ministry of Health and Welfare, the Ministry of
Agriculure, Forestry and Fisheries and the Ministry
of Internarional Trade and Indusery.

3.41.1.3.6 Promotion of Science and
Technology Research on Longevity

Demographic trends in Japan indicate a more
rapid aging of the popularion than that seen in other
countries. In recognition of this, the Cabinet
approved The Programs for Adjusting to an Aging
Population Views Concerning Basic Promotion
for Science and Technology for Long Life Sociely in
1986. Relevant ministries and  agencies are
promoting R&D on longevity in accordance wich
these programs.

Table 3-4-2 summarizes the major R&D subjects
undertaken by the various government ministries
and agencies during FY 1993,
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Table 3-4-2 Major research subjects in life sciences (in FY1993)

Ministry or agency

Rescarch imstatute or progrim

Subgect

Science and Technology
Agency

% Special Coordination Funds for
Promoting Science and Technalogy

# Research on the development of fundamendal techniques for
controlling HIV infection and ex pression

# Development of the basic technology to analyze the mechanisms of
cancer invaskon and metastasis

*¥ Development of fundamental technigues for human gene mapping

#¥ Development of highly-sensitive, high resolution non-destructive
technigues 1o eluckdute the bclogical functions of living systems at the
maclecular level

% Research on fundamental technology for structural and functional
analysis of glycochains

# Institute of Physical and
Chemical Research

# Research on biological functions of living organisms such as human
genome analysis

#* Bio-homeostasis research program, research program on brain
mechanisms of mind and behavior, photodynamics research program,
and bio-mimeiic research program

* Promaotion of recombinam DNA experimentation

* Gene bank projects

# Research Development
Corperation Japan

# Exploratory research for advanced technology such as cell
configuration, plant ecochemicals geno SHERE, protein amray and 0 on
# Cells and information by projects to foster onginal individual research
(21 pioneering projects)

# Evolution of microorganisms by international joint research projects
# Cooperative technology development of “Measurement device of
mespratary muscle function™: e

% National Institute of Radiologacal
SCIENCes

#* Application of hewvy 1on beams 1o the medical feld

% Japan Atomic Energy Reseanch
Incistule

% Research imo the utilization of madioactivity for bistechnology

Environment Agency

%= National Institute for
Environmental Studics

% Research conceming the synergetic effect of long-térm exposure of
chemical substances on the ecosystenm in an squatic environment

% Rescarch conceming effective use and environmental asscssment of
mtechnology for preservation of the envirenment

Ministry of Finance

¥ Rescarch Institute of Brewing

% Research conceming structure and functions of organic cells involved
in brewing and distllation

Minastry of Education

% Mational universities {through
provision of grant-in-aid for
scientific research and other
funding)

#Overview of special shudies on cancers

# Muolecular-binlogical research on cell replication control

% Mew perspective on the RNA functional stroctun:

% Penetration of protein through membranes and the molecular
mechanism of selected tansportmion

% Mechanism of pain transmission and endogenous activated substances
% Molecular structure of the environmental response of photosynthesis
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(Table 3-4-2)
Ministry or agency Research instifute or program Subgject
# Cell-biological and molecular-biological reseanch concerning
: : infection and the outhreak of diseases of microorganizms
s oyit of Hes # Molecular Analysis of protozasis and chlamydiasis, and development
of animal models for the infectious diseases
* National Insiitute of Health #FMotor and vegetative physiological research of physical indications in
Ministry of Health and Mutrition health strengihening
Wellare
* National Institute of Leprosy # Analytical research on specificity, structure and funcon of protén
Research produced by leprosy bacillus
# Evaluation of in vivo and in vitro systems for the measurement of
% National Institute of Hygienic biological effects of drugs and chemicals
Sciences # Chemical study on brologically active sterecisomers for the
evaluation of enanticmenc drugs
# Mational Institute of Agro- % Analytical rescarch on nce genome
hinlogical Resowrces % General rescarch in biotechnological plant breeding
* Mational Institute of Agro- % General research to develop new agriculiural, foresiry and fishery
Environmental Scicnces technigques through the clanfication and control of biological
# Mational Institute of Animal information
Indusry # Cieneral research to clucidate the ecological order in the agriculoral,
# National Grassland Research Torestry and fishery systems and develop optimeal coninols
Institute # MAFF gene bank project
% Fruit Tree Research Station # Research project on the development of insect technology
Ministry of Agriculture, | % National Research Institute of # Comprebensive research to develop high-functional materials through
Forestry and Fishenes Viegetabbes, Ormamental Planis structiural changes of sugar
and Tea
# National Institute of
Seniculiural and Entomaological
Science
# Mational Instifuie of Animal
Health
# National Foods Research
Instinme
# Fosestry and Forest Products
Research Institue
¥ Regional Fisheries Research
Labomabores

3.4.1.1.4 Soft Science and Technology

3.4.1.1.4.1 Decision of the Basic Plans for
Research and Development

Science and technology is facing a period of major
change in this complex, advanced society where
support for intelligent action is desired; a place
where we have broken the shackles of a possession
oriented mass production/mass consumption society
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and come to desire a high-quality, enriched and
unhurried lifeseyle. It has become essential co place
importance on “humans and sociery”.

In December 1992, a report in reply to CST
Request No. 19 Basic Plans for Research and
Development on Soft Science and Technology,
was submictted as a strategy in response to this type of
period/situation. The Prime Minister decided upon
this as a fundamental plan for soft science and
technology in January 1993.
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(Table 3-4-2)

Mimistry or agency Research institute or program

Subject

# Indusirial Science and
Technology Frontier Program

# Production and Utilization Techaoblogy for Complex Carbohydrates

# Mational Instie of Bioscience

nd Human Technology
Ministry of 5 a7 BY

International Trade wmd

# Design, Siructure and Function of Protein-unit Assemblies

¥ Biocatalyst for Oxidaiion in Microscueous Sysiem

# Development of Substances Regulating Cellular Signal Transduction
# Research Concerning Measurement and Engineering Structure of
Human Skills

Industry
#* National Industrial Research
Instinme of Magova

#High Performance Ceramics for Bio-functional Control

% Osaka National Research
Institute

# Research conceming Complex Molecular Sysiems having Sensing
Capabality

¥ Communications Research
Labaratory

Ministry of Posts and
Telecommunications

¥ R&D of High-efficiency Coding Technology through Models of
Perception Mechanisms

% Molecular Device Technology

% Elecidation of Brological Functions

% Public Works Reseanch
Institute

Ministry of
Construction

¥ Research conceming Actual Use of Sophisticated Treatment Processes
using Fixation Microorganisms

In the Basic Plans for Research and Development,
soft science and technology is designed to develop
the capacity and functions of people, sociery,
hardware and other practical matrers. In other words,
it promotes a system of science and technology that
considers how hardware should be structured and
moved and how intelleccual abilities of humans and
the industrial capacity of society should be supported
and activated, and indicates important research and
development issues and promotional policies. The
following is a summary.

* Basic thinking

In recognition of the growing importance of soft

science and technology and the deepening and

expanding of knowledge and rechnology that
support it, the following should be emphasized in
the promotion of research and development:

—Emphasis on basic research (human features)
promorion of research and

development

—Promotion of integration between natural

sciences and human and social sciences.
* Important research and development issues based on
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—Planned

the understanding of human qualiries, including
intellectual qualities and feelings, the following

issuies can be indicared:

—Support of intellecrual activities, improvement in
comfort of living environment, understanding

of complex social issues

—Realization of hardware thac gives priority to

humans and harmonizes with society.

Understanding the indistinet nature of human
thought and activities and other important
basic areas provide the key to the development of

all of chese,
Promaortion policies

The following measures are being taken for the
promotion of soft science and technology which
forms the new comprehensive science and

technology:

—Enhancement of a research and development
center thar forms the structure and core for the
cooperation becween researchers from a broad
area of disciplines ranging from narural sciences

to human and social sciences.

—Enhancement of high-speed, large-capacity,
Science and Technology Agency
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advanced information processing facilities,
information and communications nerworks,
and ocher research and development bases.
—Education of people with well-rounded
knowledge through an environment in which
knowledge from other disciplines can be
obtained.
—Building of a research and development
structure that meets the needs of the users.
—Enhancement of measures for promoting
international exchange and cooperacion.
Furchermore, the Resource Council, an advisory
group to the Director-General of the Science and
Technology Agency (Minister of State), has been
grappling with policy for the importance, current
conditions, future outlook and future development
of intellecrual technology (technology to support
or replace human intelleccual activities) since July

1992,

3.4.1.1.4.2 Current state of research and
development

Soft science and technology shows great promise
ac a basic, leading area that can bring new
breakthroughs and integrate human and social
sciences with narural sciences. In recent years, there has
been an increase in research and development
activities accompanying the re-ordering of science at
research organizations and universities involved in
soft science and technology.

The main research topics addressed in soft
science and technology in FY1993 are shown
in Table 3-4-3.

3.4.1.1.5 Advanced Fundamental Science and
Technology

As science and rechnology develops and becomes
more complicated in each area, the importance of
having technology which can become a common
foundation utilized in different areas and be a key to
further development in those areas has been
recognized. For example, the promotion of
technology to measure microsubstances  and
expansive spaces with ultra-high  precision,
technology to make and display real time, multi-
dimensional observations, and the support of other

measurement  and
considered important,

On the other hand, new types of fundamental
technology  which combine the science and
technology of existing areas such as micro-
which

microelement device technology, micro-control

analysis rtechnologies are

engineering  technology integrares
technology and micro-design technology, are being
developed.

It is expected that chis advanced, fundamental
science and technology will provide breakthroughs
to issues which could not be solved through the
development of new application areas or with
conventional approaches by encouraging the murual
exchange of science and technology in differing areas.

Therefore, advanced fundamental science and
technology is ranked as a main area in che basic and
pioneering science and technology in the
Recommendation Pursuant to Inquiry No.18 of the
CST and the Basic Policy for Science and Technology
Policy and will be promoted. In addition, the Science
and Technology Agency started The Survey
Concerning the Future Direction of R&D for
Advanced Fundamental Science and Technology
from 1992 for two years through the Special
Coordination Funds for Promoting Science and
Technology, and will extract concrete research topics
from advanced fundamental science and technology
areas which should be promored in the furure and
the various factors obstructing the promotion of such
research, and will clarify the direction in which
advanced fundamental science and technology should
be developed.

In FY1993, cthe Special Coordination Funds for
Promoting Science and Technology enabled che
initiation of development of basic rechnology for the
development and use of critical quantum sensing.
The Ministry of International Trade and Industry has
formed a research and development system for
industrial science and rechnology to conducr research
and development on atomic technology for securing
technology for closely monitoring and operating each
atomic particle.

In June 1993, in order to promote plans for
research and development in leading basic science
and rechnology, the Office of the Prime Minister
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Table 3-4-3 Major research subjects in soft science and technology areas (FY 1993)

Ministry or agency

Rescarch institite or progriam

Subsject

Science and
Technology Agency

Special Coondination Funds for
Promaoting Science and
Technology

¥ Fundamenial Rescarches on Human Charactenstics for Harmonizing
Systems with Human Beings

% Basic Researches for Intellectual Facilitation of Creative Activities

% Survey on the Developmental Mechanism of Vanous Social Activities
and their Effective Suppor

Japan Atomic Energy Research
Instituie

% Development of Evaluation Method of Reliability of Human Behavior

Institute of Physical and Chemical
Research

% Research Program on Brain Mechanisms of Mind and Behavior

Ministry of Education

MNational universities (through
provision of granis-in-aid for
science research and other
funding)

#* Perspeciives on Advanced-technology Societies

% Studies on the Change of Socio-system and Human Behavior in the
Advanced Information Society

# A Swady on Concept Formation and Knowledge Acquisition in
Knowledge Science

# An Approach o KANSE] Information Processing from Informalion
Science and Psychology

% Research on Intelligent Amifacts Synthesizing Engineening Technology
% [nvestigation inio the Dynamic Structure of Organisms

Forestry and Fishernes

Ministry of Agriculiure,

Separile peneral research

% Development of Techmiguees for the Evaluation and Application of
Functions of Agriculiural, Forest, and Fshery Products that Contribule io
Health

Ministry of
International Trade and
Industry

Industnal 3cience and Technology
Frontier Program

¥ Human Sensory Measurement Application Technology

Mimistry of Transport

HResearch and Development on
Transponiation Technology

#* Rescarch and Development on Accessibility of Public Transporiabion
for the Elderly and the Handicapped

Mimistry of Posts and
Telecommunications

The Frontier Research in
Telecommunications

% Realization of Highly Intelligent Functions

asked the Science and Technology Council o
conduct investigations for the enactment of a basic
plan in response to Requese 21 on Basic Plans for
Research and Development on Leading Basic Science
and Technology. These investigations are currently

be conducted.

3.4.1.1.6 Space/aeronautical Science and
Technology

3.4.1.1.6.1 Space Development
152

Space development plays an important role in
furthering science and technology and improving the
quality of people’s lives through its coneributions in
areas such as scientific observarion, communications,
broadcasting and mereorological observation,

Japan's space development bas been conducted
under the cooperation of organizations including the
National Space Development Agency of” Japan and
the Instituce of Space and Astronautical Sciences.
Activities are based on both the Fundamental Policy
of Japan's Space Development (published in March

Science and Technology Agency
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1978, revised in - June 1989) and che Space
Development Program, which specifies the annual
development plans in accordance with the
Fundamental Policy, as prescribed by the Space
Activities Commission.

In this Fundamental Policy, the following 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 the 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 space
development

The following are the principal objectives of this

policy:

*Promore scientific research

= Establish savellite and launch vehicle technology

* Form the foundarion for urilizing space environ-
menc

* Form the foundation for manned space activities

(1) Sarellires

Since the successful launch of Japan's first satellite,
Ohsumi, in 1970, Japan has successfully launched
51 satellites by March 1993, and ranks chird
following the United States and che former Soviet
Union.

The following sections describe the main
satellites. Table 3-4-4 provides a full listing of
satellites and payloads launched during FY'1992, and
those planned to be launched in FY1993 and
thereafter.

@ Scientific Field

The Institute of Space and Astronaurical Science
affiliated to the Ministry of Education, in
cooperation with universities nationwide, has
successfully launched 22 scientific satellites so far.
These include the 14th Scientific Satellite SOLAR-A
to observe high-resolution imaging of solar flares
during the solar maximum period as a joint Japan-
U.S. project.

Other scientific  satellives
development include the following:

1) The magnetosphere observation satellite

GEOTAIL, a collaborative program with

currently  under

NASA, is intended to observe che scrucrure and
the dynamic of the extended rail of the
magnetosphere on the nighe-side of the Earth.

2) The 15th Scientific Satellice ASTRO-D will
investigate X-ray precision imaging and
spectrum observation of heavenly bodies ar the
far-edge of space.

3) The 16th Sciennfic Sacellite MUSES-B is
designared to investigate the deployment of a

stcructure  and  make
astronomical observations by radio waves for
Space VLBI.

4) The 17cth Scientific Satellite LUNAR-A is
being designed to elucidate the intra-lunar

large  dexterous

crustal and chermal structure.

3) The 18th Scienrific Sarellite PLANET-B is
intended to  investigate the atmospheral
seructure and movement of Mars and its murual
interaction with solar wind.

@ 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 temperarure of the
ocean surface and other ocean phenomena. MOS-1
(Momo 1) and MOS-1b (Moemo 1h), the latrer
launched on February 7, 1990, are presently in
service. Other satellites currently in operation or
being developed are the following:

1) Japanese Earcth Resources Satellite JERS-1,
launched on February 11, 1992, is expected to
obrain data useful for earth observation to
contribute to land survey, agriculture, forescry,
fishery and so on.

2) The Advanced Earth Observing Sacellice
ADEOS which uses platform technology,
intends to monitor global environmental
changes and to promote further international
cooperation in the field of earch observations.

3) The Tropical Rain-fall Measuring Mission
TRMM, through Japan-U.S. cooperation,
intends to monitor rain-fall in che tropics
which is vital to elucidating cthe mechanism of
energy balance on a global scale.

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1993 153



Science and Technology Policy Development in Japan

Table 3-4-4 Satellites and payloads launched during FY 1992 and planned for FY 1993 and thereafter

Satellie-"Asuka™

Ol Launch
Weight : altitude Launch date . TS
Satellite £ pay Chrh : e
HTie Ly ad (kgh = {km}/ vehicle {fiscal Bt s
location yeary
#* FY 1992
GEOTAIL 50,000 1o US % Ofbaervation research by Japan-ULS,
Geophysical Appro Equatorial ] i Iaulm.jh Jul, 24, cooperation of the structure and dynamics of the
Tail Resounces 1,010 oabit |m;iiiun T 1962 extended tail of the magnetosphere on te night-
Satellite side of the Earth
FMPT us # Performing experiments in matenals, ctc.
first First Material § an: Aug. 12, wnder space environment by a Japanese SClentist,
Processing Test "ilfulil-: | Dr. Mohn, absoqnd the Space Shutthe
{FMPTiExperiment :
ASTRO-D ATIRrox ¥ Investigation of X igion imagi d
The | 5th Scientific | Approx. Approximale o Feb. 20, o £ gt s Pl A
3 ¥ : : 500 o M-351 spectrum observation of heavenly bodies at the
Sutellite- Astromomy 420 cincular orhit 1993
L0 far-edpe of space

# Satellites and pay

loads 1o be launched duning FY

" 19493 and after from “Spa

ce Development Plan {Manch 17, 1993y

* Diversification of testing measures for space

EXPRESS : #
(Ex a A wse related o leading industrial echnology
A PeTImenta APQrox, i 2 APprox. 5
. s Circular orhit 250 M-3501 193 development and engineering experiments on
; 2 atmosphenc penetration and recovery necesary
Svstem) ;
< for future sarellite plan
# Confirmation of H-11 test rocket perfonmance
% Further development of large-scale geo-
ETS- VI ; N atalE :
: ApPo%. | Geo-stationary stationary 3-axis satellite bus technology reguired
CNZINEEring 1es 3 000 -.uh == H-11 1994 for the development of satellites in the 199(0s
satellite-V] i ) % Development of technology and testing of
high-performance satellite communications
systems
* Vanous scientific and engineening experiments:

3 by et AR A, :Aﬂm{u_.\micnl uh'sr:r'\'nli-.mu :

oy i " A

s . Circular orbit | 300 to HL1T 1994 Acquiring the apportumity requied for fan

Uit A, (00 00 R&D» of sdvanced industrial technologies
% Reliahility testing and improvement of exposed
facility of JEM common experiment equipment
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(Table 3-4-4)
Crbyinal Launch
Weight ; altitude Launch date
Satellite f payload it : Wiy TS
pay ikg) tkmp/ | wvehicle | ifiscal SR OnRECt You
jocation yeary
GMS-5 ¥ Improvement of wenther observation
gensiMIEAry Approx. | Geostationary Ml # Development of meteorological satellite
meteorobogical 340 orbit [ iy technology
satellite 5
% International cooperation in monitoring global
Sun environmental changes
ADEDS i i 2 n{':h : P % Development of techrobogy which will be
advanced earth pE ¥ i H-11 L required by the next generation of earth
: : 31.500 sub-recurrent B g 4 S i
observing satellite e observation plar forms and similkar saellites
# Development of the technoblogy required for the
relaving earth observation dma
MUSES-B
The 16th Scientific A Erie 1500 16 # Large-scale precision development strsciure
Sotellite-Mu Space PRS- Sy ; ,. M-V (L] organization reseanch and radio astronomy
Engeneering T clliptical orbit 20,00 e
Satelline-B
# MNew technologies of sophisticated moving-
body sutellite communications technology, inter-
COMETS satellites communications technology and
it histicated satellite-broadeasting technology |
mmn‘mml.anu_ns A i o [ECostasionans 0 -|-. ica ; | .|. ite-broadceas mL, technology in
and broadcasting 3 000 B — H-1l [T the communications and broadeasting areas,
engincering test o multi-frequency bandwidih integration
satellite technology and efficiency-increasing technalogy
of lasge.scale stationary satellites will be
developed, experimented with and demonsirated
f i # Investigation of the simospheral structure and
H"‘"‘NFTE m:"h ';ﬂn ; — - M-V 1996 movement of Mars and its mutual interaction with
scientific satellite et vird
(Eropical % Monitoring of tropical rains necessary for
Rainfall Approx. Circolis oetil Approx.3 1997 explaining global energy use mechanizms
Measuring 3,600 350 H-Tl
Mission)
10Mikm ¥ Elucadation of crustal structune and thermal
= A b ovier the structure of the moon
LUNAR-A 17th | APPIOK. | oo ioe arbii 1997
scientific satellie 585 0N S
y surface ]
. ¥Expansion of Japan’s space actvilies,
JEM 'T'm Undecid Circul bi 400 l i 1998, promation of kading science and 1echnology
el L el SR s development, and contribution 1o the
meodule Shunle

advancement of intemational cooperation
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@ Communications and Broadcasting

The Sakura series of communications sarellices,
CS-3a (Sakura 3a), launched on February 19, 1988,
and CS-3b (Sakura 3b), launched on September 16,
1988 are currently operational.

As for the Yurt sertes of broadcasting satellites,
BS-3a (Yuri- 3a) which was launched on August 28,
1990, and BS-3b (Yuri-3b) which was launched on
Augusr 25, 1991, are currently operational.

The development of the Communications and
Broadcasting Engineering Test Satellice (COMETS) is
proceeding with the purpose to develop, experiment
with, and demonstrate technology of advanced
mobile sacellite communications, inter-sacellite
communications,  high-performance  satellite
broadcasting” multiple frequency-band integration
and higher-performance largescale geostationary
sacellices.

In terms of effective optical communications
rechnology for satellite communications systems,
research and development is being conducted in
cooperation with the European Space Agency (ESA) on
the  Oprical Inter-orbit  Communications
Engineering Test Satellite (OICETS) which is
designed rto conduct experiments in orbit on
essential technology focusing on the link-up with
the static satellive ARTEMIS of the European Space
Agency (ESA).

@ General Satellite Technology

The Kiku series of engineering test sacellites are
used to test common rechnologies of variety types of
satellices. The engineering rese sarellire ETS-V (Kiku
5) which was launched on August 27, 1987,
designed to test mobile communicarion technology, is
currently in operation. The following satellites are
under development:

1) The 6th Engineering Test Savellice ETS-VI will
be utilized to establish large scale three-axis
stabilized geostationary satellice bus tech-
nology, and to develop advanced technologies
for fixed and mobile communications and inter-
satellite communications.

2) The Tth Engineering Test Satellice ETS-VII
will be used to acquire basic technologies of
rendezvous, docking and space robortics thar are
essential to the future space activities through in-
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orbit experiment.
(2) Launch Vehicles

For launching scientific sacellites, the M (mu)
series rockets have been developed, succeeding the L
{lambda) series rockers. M series launch vehicles use
solid propellancs for all stages. Currencly che M-3 SII
is being used. However, development of the chree-
stage M-V launch vehicle, with enlargement of each
stage and a simpler configuration, is underway to
meer the requirements of sciencific observation
missions after the 1990s.

Regarding launch wvehicles for satellites, after
completing development of the N series rockets, the
H series rockees have been developed. The H-I
launch vehicle, which can launch a 550-kg payload in
a geostationally earth orbit, has succeeded in being
launched 9 rimes. H-I rocker program ended with
the launch of Japanese Earth Resources Satellite
JERS-1 in February 1992, The H-II launch vehicle is
a large two-stage vehicle being developed to launch
two-ton class peestationary sarellites o meee the
satellire demand of the 1990s. This launch vehicle
uses liquid-hydrogen/oxygen engines in both stages.
The firse test launch of the H-II is planned for
FY1993. Also, R&D of the J-I launch vehicle which
can transport an 1-ton payload in a low earch orbit, is
being carried out to respond to demands for small
scale and inexpensive launches (Table 3-4-5).

(3) Space Utilization and Manned Space Activities
D First material processing test (Fuwatlo '92)

In September 1992, Japanese astronaut Mamoru
Mohri boarded the U.S. Space Shuttle Endeaver and
launched into space for abour eight days where he
used the special characreristics of the space
environment to conduce Japans Fuwatto ‘02
experiment covering 43 topics of investigation: 22
relared to macerials experiments of Japan, 12 related
to life sciences experiments of Japan and 9 relared o
U.5. experiments. This mission will provide an
important opportunity to acquire the technology
needed for manned space flights.

@ Space Station Program

The Space Station Program is an inrernational
project in which the U.S., Europe, Canada and Japan
participate in the goal of construcring a manned
space station in a low earth orbit at an alticude of

Science and Technology Agency
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Table 3-4-5 Main specification of vehicles used to launch satellites

Ciross
Overall
Launch Stages 1Erl\ll:h (m) Diameter | Weight Propellant
vehicle type E {m} {tomns)
Approx. Solid for all stages
M-3511 :| 2.8 141 51
MV 3 Approx. Approx. Appmi. Solid for all stages
g 30 23 128
/| 354 244 1334 15t and 2nd stages, liguid, 08, solid
N-lI
! 354 244 134.7 Ist and 2nal stages, liquid; 3nd stage and S0, solid
Z 40.3 244 137.7 Ist stage, liquid: 2nd stage, liquid oxygen / hydrogen; SOB, solid
i Ist s ligquid: 2nal stage, liguid n / hydrogen; 3nd stage and
2 40.3 2.44 139.3 G i i
SOB, wolid
oIl . AP, AP0, Approx, Ist and 2l stages, ligquid oxypen Mhydrogen; SRR, Solid
iy S 4 264
M 3 Appros. ApproK, Approx, All stages solid
i a3 14 &7
400km. The space station will establish the exXperiments.

infrastructure for utilizing the space environment
and for furthering manned space activicies.

Japan has been developing Japanese Experiment
Module (JEM) and Japanese astronauts will be
stationed on board for a long period. On Seprember 3,
1989, Japan signed the Inter-Governmental
Agreement, which sets up a cooperative framework
after the detailed design stage of the program. The
agreement was followed on January 30, 1992 by che
U.S. to make the agreement effective from that date.
Japan's space station project has already entered the
full-scale development phase.

@ Ochers

Japan is committed to a number of ocher activicies
aimed ac ucilizing the space environment and ar
acquiring the technology for manned space activities.
These include the following:

1) Development of the SFU (space flyer unit)

The SFU is a reusable satellite that will fly in a
low earth orbit for several months at a time to
ensure Japan an opportunity for space
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2) Participation in the International Microgravicy
Laboratory (IML) program Japan parcicipated
in the First International Microgravity
Laboratory (IML-1) on January 22, 1992 and
will participate in the Second International
Microgravity Laboratory (IML-2) planned in
1994 on board the U.S. Space Shuttle. Japanese
astronaut Chiaki Mukai is scheduled to board
the Space Shuttle. Through these two projects,
Japan will accumulate the technology required
for the Space Station Program,

(4) Fundamental and Advanced Research on Sarellire
and Launch Vehicle Technology

The Mational Aerospace Laboratory and research

institutes of related ministries and agencies are
conducting fundamental research on launch vehicle
and satellite technology. The laboratories and
research institures are also working in a number of
advanced research areas, including the H-II orbining
plane (HOPE), an unmanned winged reusable space
vehicle which can be used to transport cargo to the
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Space Station and a manned space-plane.
(5) International exchange in the area of space
development

In light of the collapse of the Soviet Union, which
competed with the United States in  space
development, and the increase in global surveillance
sacellites and octher projects requiring international
cooperation, there 15 an increasing need for
cooperation between the countries of the world in
the area of space. Under these conditions, the Space
Agency Forum (SAF) was initiated with the aim of
continuing the spirit of the Internarional Space Year,
which came to a successful conclusion in 1992, and of
promoting exchange and cooperation between the
space organizations of the world. The first meeting
of the SAF took place in Rome, Italy, in May 1993,

3.4.1.1.6.2 Aeronautical Technology

RE&D in aeronautical technology is knowledge-
intensive and makes use of state-of-the-arc
technologies from a wide range of disciplines. As a
resule, 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 infrastrucrure for air
CrAnSpPOrtation.

Given its technologically strategic nature,
extensive R&D in aeronautics is crivical to the overall
promotion of science and technology and to the
development of a rechnologically-oriented society.

The current state of the pation’s aeronautical
technology is the direct resule of knowledge acquired
through R&D on the Japanese-developed YS-11
commercial transport airplane, the international
joint development of the Boeing 767 passenger jer
and other aircraft. This technology is now at the
stage where Japanese private sector corporations are
participating or intending to parcicipate in a number
of domestic and international aircrafe development
projects, some of which are listed below.

* The design and manufacture of the 350-seat cwin-
engine Boeing 777 passenger jet

® The design and manufacture of the 150-sear YXX
passenger aircraft

* Investigation of the development of a next-
generation supersonic commercial transport
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airplane
¢ Development of the V2500 jet engine with

acroengine companies in the United States, che

United Kingdom, Germany and Iraly

To actively promote the development of aircrafe
and their engines, it is necessary to enhance futuristic
technological levels. To chis 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 March 1991, the Council conducted its final
report on 1he Examination of Practical Flans for
R&D of Fan-jet STOL Aireraft (Request No. 1).
In January 1993, the Council conducted
investigarions and deliberarions on Policy for long-
term development of Aeronautical Technologies
(Request No. 18).

National Aerospace Laboratory of che Science and
Technology Agency 15 promoting research with the
goal of establishing the technologies required for
futuristic aeronautics development. Since FY1987,
the laboratory has encouraged research on
aerodynamics technology that will be required for
fueure aircraft such as hypersonic transpore planes,
space planes and highly efficient, large payload
transport airplanes, the technology of new composite
material structures, flight control technology,
propulsion technology and other stare-of-the-arc
aeronautical transportation technologies. Also, on
top of promoting basic technology such as numerical
value simularions using compurers, the laboratory
maintains large-scale test research facilities for wind
tunnel experiments to be jointly used by related
agencies, and takes a leading role in advancing
Japan’s aerospace technology.

The Ministry of Transport's Eleccronic Navigation
Research Insticute is conducting R&D on navigation
and air-traffic control systems to improve air safery.
Findings from this research will ensure steady
development of the air transportacion system.

The Minisery of International Trade and Industry is
furthering R&D of propulsion systems for future
high-reliability supersonic transport planes capable
of operating at low air speeds through Mach 5.
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European and American engine manufacturers are
participacing in this R&D,

3.4.1.1.7 Ocean Science and Technology

The development and use of the ocean, which
contains an abundance of resources, including
biological and mineral resources, as well as vast
space, is an imporrant issue for a country as
physically small and confined by sea as Japan.

Because the ocean plays an important role in
global change and the crustal dynamics of the earch
greatly influence earthquake and volcanoes, it is
urgent thar mechanisms in and around the ocean be
elucidated.

In light of these conditions, the United Nations
Educational, Scientific and Culrural Organization
(UNESCO) and Intergovernmental Oceanographic
Commission (IOC) began to make calls in the 1990s
for the GOOS plan which aims to build a system for
conducting comprehensive observation and research of
ocean phenomena on a worldwide scale. This plan
was also promoted acr Agenda 21, adopred by the
United MNations Conference on Environment and
Development held in Brazil in June of 1992.

Based on these international effores, it is crucial o
promote related to  global
environmental issues and other research and
development on ocean science and technology.

opeean  research

3.41.1.71 Basic Guidelines for the Pro-

motion of Ocean Science and Technology
The Council for Ocean Development is an

advisory commictee to the Prime Minister which
decides basic and general conceprs related to ocean
development, The Council’s
pursuant to the Prime Minister’s Inquiry on Basic

Concepts and Promotional Guidelines for Long-

term Ocean Development, 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 elucidarion of
global change and ocean phenomena.

* The promation of science and rechnology which is
useful for overcoming severe oceanic conditions

Recommendation

and for creating new ways of ocean development.

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 miniscries 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
Miniscries and Agencies.

Furthermore, in order to shed some light on ocean
phenomena occurring on a global scale, positive
efforts are being made to participate with related
government agencies and universities in inter-
national ocean research programs such as GOOS.

3.4.1.1.7.2 Promoting R&D in 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 activicy, studies
on deep-sea microorganisms, and so on. In 1992 the
Japan Marine Science and Technology Center
(JAMSTEC) promoted deep-sea investigations and
research activities with the manned research
submersible SHINKAI 2000, SHINKAI 6500 and
the remotely operated vehicle DOLPHIN 3K, and
began development of a remotely operated vehicle
which ean dive to 10,000m. In addition, JAMSTEC
started R&D on a deep-sea drilling vessel system to
elucidate the place and global
environmental changes.

tectonics

In ocean observations for clarifying ocean
phenomena, JAMSTEC conducted R&D on wide
area observation technology such as ocean laser
technology and acoustic tomography. Also,
JAMSTEC has promoted R&D on technology
utilizing wave power and joint R&D projects with
municipalities in each region to contribute to
appropriate management and development of coastal

WHITE PAPER ON SCIENCE AND TECHNOLOGY 1993 159



Science and Technology Policy Development in Japan

areas.

The Science and Technology Agency also
promotes comprehensive joinr research projects
among related ministries, agencies and universities.
These joint research projects include the Japan-China
Joint Research Program on the Kuroshio to research
the meandering flow of the Kuroshio and its large
effect on weather and fishery around Japan and East
Asia; by allocation of the Special Coordination Funds
for Promoting Science and Technology, research
concerning atmospheric-oceanic interaction in the
tropical and equatorial areas and research on global
ocean circulation and marterial flux.

Through the University of Tokyo Ocean Research
Institute, the Minisery of Education has been
conducting basic research related to GOOS, which
aims to build a comprehensive observation system
for explaining, predicting, and protecting shifts in
the ocean environment; participating in the ODP,
which excavartes the ocean floor and helps to explain
the movements and structures of the ocean floor
plates, and joint surveys of the Pacific Ocean region;
conducting ocean flux research and other academic
research on the ocean which concributes o an
understanding of the physical enviconment of the
ocean.

The Ministry of Agriculture, forestry and
Fisheries, cthrough the Fisheries Agency, is
conducting R&D on the following areas.

* Promotion of fish farming with the introduction
of bio-technology

* Culeivation of marine resources

* Preservation of the fishing ground environment

* Proper evaluation of the functions marine products
have which benefit human health and their
effective usage

The Ministry of International Trade and Industry,
through the Agency of MNatural Resources and
Energy and the Geological Survey of Japan, is
developing ocean floor mineral resources and
carrying out geological surveys on the seabed.

The Ministry of Transport is conducting the
following activities.

* Oceanographic observations for hydrographic
services through the Maritime Safety Agency

* Merecrological observations at  sea for

160

mereorological operations and investigarions and

rescarch on weather analysis and prediction such

as the El Nino phenomenon, etc.

The Ministry of Posts and Telecommunications is
using its comprehensive communications research
center to conduct high-resolution three-dimensional
microwave radar research to confirm measuring and
prediction technologies related to ocean oil
pollution, ocean currents and waves and to conduce
research and development on ocean satellite
technology for space communication.

The Ministry of Construction is using its civil
engineering research center to implement Study on
Beach Stabilization and Sorting of Mixed Grain Size
Sand as well as for Development of Coastal
Environment Conservation Program in Tropical
Zones. Its Geographical Survey Insticute s
conducting basic surveys of coastal sea areas, etc.

Table 3-4-6 summarizes the main R&D subjects
undertaken by the various government ministries

and agencies during FY1993.

3.4.1.1.8 Earth Science and Technology

Mankind has explored the earth for a greac
number of years and reached a stage in recent years
where knowledge on the earth and global
phenomena  is  rapidly  accumulating and
comprehension of the earth as a single system has
become possible. In addition to using chese results
for predicting global phenomena and sustaining che
development of mankind, there have also been an
increasing quest for knowledge of the unknown.
Shifts in the global environment stemming from che
increase in human activities, however, has also
created major problems in the world. As a resulr,
there has been a strong shift toward science and
technology that changes the artitude of the earth as a
limitless resource and provides a balance berween
humans and the global environment.

Based on these conditions, in August 1990, Japan
responded to the conclusions of the Council for
Science and Technology through a decision by the
Prime Minister to adopt the Basic Plan for Research
and Development on Earth Science and Technology
which locks 10 years into the future. This plan
outlines the necessary role and measures to be taken by
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Table 3-4-6 Major research subjects in marine science and technology (in FY 1993)

Minisiry or agency Research institute or program Subject
Special Coondination Funds for #* Japu.n:sf: mu:-;fn_cm:ula.lmﬂ C‘I]’h’.‘l‘ll’ﬂl?'n[ out
& ; # International joint research conceming the elucidation of the
Promastng Science and 5 - PR ;
Techrol substance circulation mechanicm in the coastline sea
OEY % Japanese Pacilic climate study (JPACS)
Sowence and Research and Development # Kuroshio explomation and wilization reseanch
Technology Agency Bureau

Japan Manne Science and
Technology Center

% R&D of a deep-sea research submersible

#* Rescarch on marine observation and R&D of observation technology
#* Rescarch and investigntions into comprehensive observation of the
Morth Pacific Ocean and Arctic sea areas

Environmental Agency

Research Funding to the National
Research Institute engaged in
Environmental Pollution
Research

# Rescarch conceming nitrogen cycle of deposits in inlasd bays

Water Mainenance Burcau

% Rescarch on red tide

Mational Institume for
Environmental Studies

% Research conceming the elucidation and maintenance of the
ecosystem mechanism on the hydrosphere in a closed-type sea arca

Mational Land Agency

% Surveys for the Promaodion of the fisheres in the Amami Islands

Mational Universities and Other

# Ocean Drilling Program { COXF)
% Cooperative study of the Western Pacific (WESTPAC)

Reseanch Center

Ministry of Education e % International Cooperative Rescarch Programme on Globhal Ocean
Observing System (GOOS)
% R&D of the fizh breeding industry
- : Fisheries Agency % R&D of new fishenes technologics
Ministry of Agricullure, ¥ Comprehensive research on the ecological order of the agriculiural,
Forestry and Fishenes forestry and fisheries systems and their optimam control
Japan Marine Fisheries Resource # Rescarch project on oceanic fsheries resources
Rescarch Center
Metal mining Agency of Japun * Surveys for the develepment of deep-sea bottom mineral resounces
Ministry of : 3
R et Nﬂllt"ﬂ'.j“"m““: for Resource # R&D into underwater manganese nodule mining syslems
and Environment
Industry
Geological Survey of Japan % Manne geological study of continental shelves in the casierm margin
of the central Japan Sea
Marine Technology Research # Research concerning the development of next generational oceanic
Center structures and evaluating their safety
Minisiry of Transpor Ports and Harbor Technological

% Research on hvdrophilic ports and harbors, and coasial sinectunes

Meteorslogicil Research
Institute

# Cooperative study of the Westem Pacific (WESTPAC)
% Study of ocean general circulation with advanced numencal masdel
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(Table 3-4-6)

Ministry or agency Research instifute or program

Subject

Communications Reseanch
Lahoratory

Mimistry of Posts amd
Telecommunications

#Research of global environment monitoring iechnology using airbome
high-resolution topographic and polarimetnic imaging radar
FR&ED of ocean observing aircraft and satellite technology

Public Warks Research Institute

Ministry of
Conzinsction

#Study on beach stabilization and sorting of mixed grain sized sand
FDevelopment of coastal environment conservalion program in opical
FoRe

Creopraphical Survey Institwte

% Shema of coastal sea areas

the Government in deepening its understanding of
the earth and using research results to promote the
basic chinking for advancing research and
development, important research and development
issues, and the promotion of global science and
technology that contribute to the prospericy of all
mankind. In terms of conserving the global
environment, every fiscal year beginning in FY'1990,
plans for the comprehensive promotion of research
on global environmental conservation have been
enacted at meetings of the Cabiner established
within the Government for these purposes.

In terms of global environmental issues, at the
United MNations Conference on Environment and
Development held in Rio De Janeiro in June 1992,
the Rio Declaration on Environment and
Development, an outline of principles for guiding
the actions of nations and individuals toward the
21st century, and Agenda 21, a plan for the
implementation of these principles, were adopred
and the Framework Convention on Climare Change
was signed by numerous nations. Based on these
results, it is necessary to actively address these types of
issues in the future as well. It is important for Japan,
with its advanced science and rechnology, o
positively address the science and technology side of
these issues and make contributions to the
internarional community.
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3.41.1.8.1 R&D and Related Measures for
Understanding Global Phenomena

Global warming, ozone depletion, abnormal
weather, earthquakes, volcanic eruptions and other
global phenomena are closely linked to the social
acrivities of human beings and pose the danger of
exerting an enormous impact. For this reason, there is
a strong need to understand chese phenomena on a
scientific level and make an appropriate response.

Since problems such as global warming and
crustal movement are long term and are not confined
to a country, it is of crucial importance to maintain a
sense of global partnership and cooperarion in R&D in
earth science and technology. Accordingly, it 1s
important that Japan play an active role in the
World Climate Research Program (WCRP), the
International Geosphere-Biosphere Program (IGBP)
and other joint research programs and expand joint
research projects with research inscitutions abroad.
In consideration of Japan's geographical position in the
Asia-Pacific region and its close economic
relationship with the countries of the region, there
15 a need for it to promote research and development
that gives priority to this region.

In addition to using their budgers ro conduct
research and development aimed at explaining global
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phenomena, the ministries and agencies of the
Japanese Government make wuse of special
coordination Funds for Promoting Science and
Technology, Funds for the Promotion of Surveys and
Research in Earth Science and Technologies and
Clcean Funds for che Owerall
Promotion of Environmental Research in order to
link a broad range of research capacities, including
those of national research institutes, universities and
overseas research organizations, and positively
conduct
comprehensive and internarional level thar is aimed at
assessing the influence exerted on the global
environment by human activiry,

Furthermore, in December 1992, the Asia-Pacific
Global Shift Research Workshop was set up through
the cooperation of related ministries and agencies.
This workshop was the first time for a great number
of scientists and policy makers from 15 countries in
the Asia-Pacific region to meet together with the

Development,

research  and development on a

purpose of promoting cooperation between the
countries of the region in the area of research on
global changes. A meaningful exchange of opinions
took place at this workshop, forming the basis for
the promotion of future cooperation.

Table 3-4-7 summarizes the major research and
development subjects in the area of earth science and
technology that are currently promored by relared
ministries and agencies.

3.41.1.82 R&D on Earth Observation
Technology

R&D on  earth
important to accumulate the information necessary
to understand various global phenomena. For this
purpose, in January 1993, Council for Aeronautics,
Electronics and Other Advanced Technologies
addressed Recommendation for Request No.17 on
Promaotion Policy for Comprehensive Research on
Earth Observation for the Resolution of Global
Environmental Problems. Japan's two major thrusts in
this area are the R&D on earth observation
technology, including the R&D on earth observation
satellites, and the R&D on marine observation
technology such as the development of deep-sea

survey vessels.

observation rtechnology is

{1} Earch Observarion Sarellites

Earth observation using satellites is extremely
effecrive for continuous acquisition of various
information covering areas and currently, Japan is
promoting a comprehensive project, cooperating
with related organizations domestically and abroad.

The National Space Development Agency of
Japan (NASDA) is operating earth observation
satellites including the Marine Observation Satellite-
lor “Momo 17 (MO5-1), “Momo 2" (MOS-1b) and
the Japanese Earth Resources Satellite-1 or "Fuyo 17
(JERS-1), and is developing the Advanced Earch
Observing  Satellite(ADEOS) and the Tropical
Rainfall Measuring Mission (TRMM), in cooperation
with related organizations.

The Ministry of International Trade and Indusery is
promoting the development of the Advanced
Spaceborne Thermal
radiometer (ASTER) which is to be loaded on the
first Polar Orbic Platform (EOS-AM1) of the United
States  Nacional  Aeronautics and  Space
Administration (NASA).

For establishing observation and dara processing

Emission and Reflection

techniques of the global environmene by using
satellites, the Science and Technology Agency, in
cooperation  with  related
encouraging Research on
Remote-Sensing Technology.

The Science and Technology Agency is

consolidating databases in preparation for the

organizations, is

Earth Environment

international necworking of information thar will
allow the effective use of the above mencioned data
obtained from earth observation satellires.
International cooperation is impormant for
performing observation using these earth observation
satellites, Therefore, in 1993 Japan played a pivoral
role in vigorously participating in and contributing to
venues of international coordination,
including the Committee on Earth Observation
Satellites (CEOS) and the Polar Orbit Platform
Coordination Working Group (EO-ICWG),
(2) Marine Observation Technology

Elucidation of the relationships becween che

Various

oceans and the occurrence of natural phenomena 15
an important issue in our understanding of global
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Table 3-4-7 Major research subjects in earth science and technology (in FY 1993)

Ministry or agency Research institute or program Subject

Special Coondination Fands for # Japan-China joint stady on desenification
Promating Science and Technology # Japanese experimental study in the Arctic Amea

Funds for the Promotion of Surveys % An observational study of cloud ¢ffects for global warming

Science and and Research in Barth Science and # lapanese siudy on the behavior of greenhouse gases and aerosols
Technology Agency Technologies and Ccean # Research on the Asian monsoon mechanism
Development

MNmional Research Institute fior Earth | % Sindies on mechanisme and impacis of climaie change cansed
Science and Disaster Prevention global warming

# Comprehensive observation and analysis of vaniability of the ozone layer

% Swdy on the carbon cycle in oceanic and terrestrial ecosystems

# Swdies i clanfy the behwvlor of acidic and oxidative component of the
S 25 atomosphere in East Asia

Environment Agency :;':;;'::nt';_::;"“"' Reseant * Evaluation of materil circulation and the biological uptake and

accumulation of pollutants in manne ccosystems

# Anaysis of the environment and stneciure of tropical forest scosysiem

% Evaluation of inleraction between desertification and human activities

% Establishing an environmental accounting system {Green GNP

# Academic research into eanhguake and volcanic enuption prediciion systems
% Research on global environmenial change with emphasis on the Asia and
the Pacific region

# Arctic environment conperative research project

# Solar terrestrial energy programme

# Imemational geosphere-baosphere programme

% Japan antarchic reseanch

# A zientific approach toward globalism human sociely in harmany with
the carth: man-canh system

National Research Institute for Polar

Ministry of Education I
Regions, Liniversities, elc.

Ministry of Agriculiure, | National Institute of Agro- % Managing the agro-, forest- manne-ecosystems 1o control global
Forestry and Fisheries Environmental Sciences change

% Geological, geochemical and geophysical research of active volcanoes
% Marine geological rescarch conceming sea areas surmounding the

Minisiry of Geological Survey of Japan continendal shelf in the eastern edge of the central Japan Sea and other
International Trade and subjecis
Indusiry
Gilobal Environment Indusinal % Rescarch on iechnological development related to the fixing and
Technology Development effective use of carbon dioxide
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(Table 3-4-7)

Minisiry or agency Research instiluie or program

Subject

Hydrographic Depanment, Marine
Safety Agency
Minisiry of Transpon

¥ Ceneral ocean surveys of sea areas under agency. supervision,
oceangraphic surveys using earth observation satellites, surveys of
ocean foor contours and subtemranean stmctures for volcanic enaption
prediction, survey of water iemperature, currents and waves in the
Western Pacific Ocean as part of the agency’'s sea lane supervisory
aclivilies

¥ Collection, supervision and supply of information on water
temperature and the mole of cuments in ocean water cinculation, and
maienials mvolved in ocean floor contours, geology and carih-related
physics

Metcomological Research Institute,
Meteorological Agency

¥ Research copceming of global warming prediction technology
% Analytical research on small-scale meteorological phenomena

Minisiry of Posts and
Telecommunications

Communications Research
Laboratory

# International point research on advanced electromagnetic technology
for the global environmeant

¥ Research conceming binary frequency Doppler redar for observation
of rainfill from space

¥ Research conceming measurement technology of the ghohal
environment by means of short-wave length eleciro-magnetic waves in
mill-wave bandwidths

¥ R&D concerning measurement iechrology of the global environment
with optical sphene active sensors

¥ R&D concerming measurement and information netwarks of the
global environment

Creographical Survey Institule
Minisary of

¥ Research on building a large-scale GPS land survey neiwork

Consinsction Public Works Rescarch Institute

# Rescarch on methods for grasping water circulation by remote
SENSIng

change.

To further knowledge in this area, the Japan
Marine Science and Technology Cenrer is promoting
several areas of R&D, including the construction of a
10,000 meter-class remotely operated vehicle and
R&D on ocean acoustic tomography.

3.4.1.1.8.3 Science and Technology on
Disaster Prevention such as Earthquake
Prediction

Japan is located ac the boundary where the Asian
continent meets the Pacific Ocean. The nation
comprises an arc-shaped archipelago lying wichin a
zone of mountain ranges that circle the Pacific. The
country’s land mass is continuously subjected to
crustal movements. The country’s islands have
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mountainous topography with many steep slopes,
cascading rivers, and few plains. The climare ranges
from subtropical to subarctic. Offshore there are both
hot and cold ocean currents, such as the Japan or
Black Current and the Kurnil 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 resule of chis geography, the country has
experienced almost every possible form of natural
disaster caused by air, earth and water—earchquakes,
volcanic eruptions, gale force winds, heavy localized
rainfall, heavy snowfall, landslides, earchfalls, floods,
high tides and ridal waves.
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Table 3-4-8 Major research subjects in disaster prevention science and technology (in FY 1993}

Ministry or agency

Research institutes, efc.

Subject

Huoskkando Development
Agency

Civil Engineenng Research Institute

# Study of a read traffic information system for safety and amenity of

winler ralfic

Science and
Technology Agency

Special Coordination Funds for
Promaoting Science and Technology

MNational Research Institute for Earth
Science and Disaster Prevention

# Research on the sophistication of echnobogies for the prediction of
earihkpuakes beneath the metropolitan area

% Research on crusial aciivities in the Kanto-Toka arca

# Swidy on prediction rechniques for eathquake disasters

% Rescarch on natural science and technology of snow disaster
prevention in inhabited areas

# Research on prediction of voleanic eruption

% Research on mechanisms and damage assessment of meteorological
disasiers

# Study on the development of regional prediction method and
utilization of regional wamning systems of snowsiorm

# A stwdy of disaster predictions in global hydmelogical processes and
other projects

Ministry of Educaton

Uinpversitios, oo,

% Basic research om natural disasters

# Basic research for earthquake prediction

% Basic research on other disnsters (e.g. voleanic eruption prediction
reseanch)

Forestry and Fisheries

Ministry of Agnculiune,

MNational Research Instituie of
Agricullural Enginesring

Forestry and Forest Products
Research Instinute

National Research Instinoe of
Fishenes and Engincening

% Development of soil engineering and engineering geology for land

T POy ErnEnt Smiciune

# Elucidation of forest disaster prevention funciion and improvement of
forest disaster prévention technology

# Study on development and improvement of technology for
constraction of Raling port

Minastry of
Intermational Trade and

Industry

Geological Survey of Tapan

% Research into the mechanisms and lecations of earthquake
OCCUITERCES

# Gieological, geochemical and geophysical research on active
vislcanoes, elc.

Ministry of Transport

Railway Technical Research Institute

% Technical development of synthetic disaster prevention systems

Hydro-graphic Department,
Muariume Safety Agency

# Surveys of submarine topography and geological structures

Metcorddogical Rescarch Institute,
Meteorological Agency

% Submaring lopographic and geological survey

#& Symthetie studies on practical prediction technique for earthquake
under urban areas

#* Studies on meteorological and hydrological phenomena including
typhoons and locil severs rin

% Study on highly rational seismic design method of water front
facilities against big earthquakes near greal cities
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(Table 3-4-8)
Ministry or agency Research institubes, ebc. Subjpect
Manistry of Posts and Communications Research ¥ R&D of high precision technology measuring time and space with
Telecommunications Labormtory cosmic radio waves
¥ Development of eanhgquake prevention technology in lange wrban
Comprehensive research and ancas
development & Development of disasier prevention systems on sediment disaster and
— nver disnstens, ¢1c., and other propects
Ministry of
Constnuction . :
Public Waorks Research Institue % Study on active control syatem for wind résistant design
i % The L5 -Japan joint seismic research program wiilizing barge-scale
Butlding Research Institule : s
testing facilities
Ministry of Home % Sudy on regionality of long-period ground motion
Mr;j':r Fire Defense Agency

With this historical background, ir 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
disaseer, 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 development and
implementation of countermeasures,

* Establishment of an adequarte foundarion for basic
disaster-prevention science and
including elucidation of the disaster cycle,
observation and research for the mechanism of
natural phenomena which cause disasters, and

technology,

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.

e R&D ro expand the capabilities of existing
technologies 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
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considering cities as a single system.

* General promotion of research for disascer
prevention with a wide range of disciplines,
including interdisciplinary research, making use
of the knowledge of social and behavioral sciences.
Over 10 years have passed since the current Basic

Plan was formulated. During this period, R&D

related to disaster prevention has been proceeding

based on the current Basic Plan. Ac the same time,
great changes have been wking place in the
circumstances surrounding the R&D acrivities
related to disaster prevention in Japan, including
changes in Japan's social seructure and an increasing
number of requests for international contributions
from Japan. As a result, currently the Panel on

Science and Technology for Disaster Prevention of

the Council for Science and Technology is studying the

formulation of a new Basic Plan.

Table 3-4-8 summarizes the R&D subjects in
science and technology for disaster prevention by
ministries and agencies. Research classifications
include earthquake prediction, counrermeasures for
earthquakes, volcanic eruption prediction, snow- and
ice-relaved disascer countermeasures, wind and warer
disaster countermeasures and earth science and
technology. The research makes use of knowledge
from all fields in earth science and technology, space

167



Science and Technology Policy Development in Japan

science and technology, science and

technology and others.

oCean,

In addition, an emergency research project
entitled “Research on the Earthquake Swarm around
Iriomote Island” was carried out using the FY'1992
Special Coordination Funds for Promoting Science
and Technology
earthquake the Iriomote Island region which had
occurred 1n January 1991, and cthen, after a
temporary lull, again in Auguse 1992, Another

in order to investigate the

emergency research project, “Research on the 1993
Hokkaido-Nansei-Oki Earthquake”, was performed
using the FY1993 Special Coordination Funds for
Promoting Science and Technology in order to study
the Hokkaido-Nansei-Oki Earchquake which
occurred on July 12, 1993 and caused grear damage.
Other emergency research projects performed witch
Grant-in-Aid for Scientific Research included the
of  Successive
Earthquake Swarm in [riomote Island” in FY'1992,
the “Scudy on the Damage Investigation of the 1993
Hokkaido-Nansei-Oki Earthquake " in FY1993 and

the "Studies on the Heavy Disasters in Kagoshima

“Investigation Occurrence  of

related to the Intense Rainstorms of August 19937,

The Headquarters for Earthquake Prediceion,
headed by the Minister of State for Technology
conduct seismic studies for use in predicting
earthquakes and implement comprehensive, planned
measures in response to impending quakes. The
Council for Measurements and Earth Science
proposed the "Seventh Earthquake Prediction Plan
of Japan” and the “Fifth Volcanic Eruption
Prediction Plan of Japan” in July 1993, designed to
predice earchquakes and volcanic eruptions.

Furthermore, the Science and Technology Agency
is preparing wide-area depth observation faciliries,
such as the 3,000m level earthquake observation
system, at the National Research Institute for Earth
Science and Disaster Prevention to strengthen the
observation system in metropolitan areas.

At the worldwide level, the Japan International
Cooperation  Association (JICA) furchers inter-
national cooperation by bringing researchers from
developing countries to study or train at Japanese
research organizations. In FY1991, JICA conducted

seminars  on  disaster-prevention  technology
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applicable ro flood and erosion control engineering,
and earthquake countermeasures. Training programs
were held in earthquake engineering, volcanology,
volcanic sabo engineering, geodesy training and
meteorology.

Other international cooperation includes bilaceral
programs and The U.5.-Japan Committee on the Use
of Natural Resources (UJNR), the United Nations
Economic and Social Committee for the Asia-Pacific
Region (ESCAP) and the World Meteorological
Organization (WMO) Typhoon Committee. In
addicion, cthe 1990s have been declared as tche
Internarional Decade for Marural Disascer Reducrion
(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
MNovember of the same year. In addition, a workshop
on snow-and-ice-related  disaster  mirigation
technology was held in line with this goal in March,
1993,

3.41.2 Promotion of Science and
Technology for the Coexistence of Human
Beings

With the expansion of human activities, issues
caused by the finite of the earth such as global
environmental issues are revealed. In order to solve
these issues and provide new means which allow
human beings to coexist in harmony with the earth,
the General Guideline for Science and
Technology established at the Cabinet meeting in
April 1992 positioned the following fields as science
and rechnology for the coexistence of human beings.
* Preservation of the earth and natural environment
* Development and utilization of energies
* Development and recycling of resources
* Continuous production of foods

3.41.21 Preservation of the Earth and
Natural Environment

In recent years, environmental issues on a global
scale such as global warming are revealed, and it 1s
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urgent that these issues be solved through
international cooperation. It is also important to
prevent regional pollution and preserve the natural
environment in order to improve a comfortable
living environment. Therefore, it is necessary to
promote R&D to respond o environmental issues on

a global scale, prevent pollution, and preserve the

natural environment.

In this field, the following were established and

given priority in promoting R&D.

o Comprehensive Plan to Promote Research and
Investigations concerning the Preservation of
the Global Environment in FY1993 (related
Cabinet meetings on the preservation of the global
environment, June 1993)

* Basic Plan for R&D on Earth Science and
Technology in  step with the IFth
recommendation of the CST (decided by the
Prime Minister in Auguse 1990)

* Prioritization and General Promotion of
Research on  Pollution Prevention, efc.
(annually by the Environmental Agency)

The Science and Technology  Agency,

Environmental Agency, Ministry of Education,
Ministry of Agriculture, Forestry and Fisheries,

Minisery of International Trade and Industry,

Minisery of Transpore, Ministry of Posts and

Telecommunications and Ministry of Conscruction,

ecc. are promoting R&D to comprehend changes in

the global environment, evaluare the effects, and
develop countermeasure technology and to prevent
environmental pollution,

3.4.1.2.2 Development and Utilization of
Energy

Overall R&D promotion in energy-related fields
requires careful prioritization, planning and
implementation because of the broad range of
scientific disciplines involved and the subsrancial,
long-term monetary and personnel investments
required. For chese reasons, the government has
assumed the responsibility to coordinate R&D in
energy-related fields.

In August 1978, The Basic Plan for R&LD on
Energy was established. Since then, the plan has
been steadily promoted. In June 1991, by raking

into consideration the changes in conditions of
recent  years including global
environmental problems, the CST presented The
Recommendation Concerning the Basic Flan for
R&D on Energy to the Prime Minister, requesting a
substantial revision of the current basic plan. Based on

energy  in

this opinion, the government set down the new Basic
Plan for R&D on Energy in July 1991.

3.4.1.2.2.1 Development and Utilization of
Nuclear Energy

Nuclear energy facilities are capable of providing a
steady supply of low-cost electricity without
discharging harmful gases, such as carbon dioxide or
nicrogen oxides, into the atmosphere. For this reason,
the government is commitrted to promoting on-
going R&D to serengthen the navion’s energy
infrastruceure by making nuclear energy a primary
source of supply.

In June 1987, the Long-term Program for
Developmenrt and Urilization of Nuclear Energy was
formulated by the Atomic Energy Commission. This
currently guides the overall planning and promotion
of nuclear energy in Japan.

Currently, the Atomic Energy Commission is
proceeding with the work of revising the present
Long-Term Program on the basis of such factors as
the steady expansion of the development and
utilization of atomic energy within Japan and the
changes taking place in the international society.

{1) Measures for Assuring Nuclear Safety and
Nuclear Mon-proliferation

In Japan, from the beginning, the development
and commercialization of nuclear energy have been
conducted with priority to safety and che
containment of radioactive materials.

To assure nuclear safety, stringent regulation is
conducred by the government that 15 not observed
in other industrial areas. The regulation includes the
environmental radiation monitoring, emergency
measures for accidents, etc.

To ensure even higher safery standards, the
Muclear Safety Commission establishes Annual
Nuclear Safety Research Program and evaluates the
results of researches to promote safery research
comprehensively and systematically.
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In accordance with the Annual Muclear Safery
Research Plans (chree annual safeey research plans
dealing with nuclear energy facilities, environmental
racioactivity, and high-level radioactive wastes
established in 1990, and rhe annual safery research
plan for low-level radioactive wastes established in
1989), the following nuclear safety research activities
are being promoted.

The Japan Atomic Energy Research Institure
(JAERI) is the principal body conducring research
on safety in light water reactor facilicies. Of
particular interest are possible 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 fase breeder reactors, as
well as for nuclear fuel facilivies and radioactive
treatment and disposal repositories.

The national research insticutes are researching the
safery of transporeation of radioactive macerials and
seismic safety of nuclear facilities.

Both JAERI and PNC conduct research on
methods for probabilistic assessment of safery and
reliability of nuclear facilicies.

The Narional Institute of Radiological Sciences
(NIRS) and other organizations are conducting
research on effects of low dose-rate radiation on
people, evaluation of effects through internal
radiation by taking into account the peculiarity of
the exposure type, and the behavior of radicactive
substances in the environment.

In accordance with the Atomic Energy Basic Law,
Japan
development and urilization of nuclear energy is only
used for peaceful purposes, and has been
implementing the safeguards of the International
Artomic Energy Agency (IAEA) regarding all nuclear
materials both inside and outside Japan afrer
concluding the Treaty on the Non-Proliferation of
Nuclear Weapons (NPT} and the Bilaceral
Agreements for Cooperation Concerning Peaceful
Uses of Nuclear Energy concluded with the United
States and other countries. R&D for safeguards
technology in order to
implement these treaties and agreements more

has been ensuring rthar the research,

is being conducred
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effectively.  Furthermore,  recognizing  that
international consensus that prevention of unlawful
transfers of nuclear macerials and sabotage against
nuclear energy facilities is important in order to keep
nuclear non-proliferation, Japan has joined the
Convention on the Physical Protection of Nuclear
Material, has established related internal laws and
regulations and conducts research and investigations
concerning physical protection of nuclear materials.
{2) Current Stace of Nuclear Power Generation

As of Seprember 1993, there were 45 commercial
nuclear power plants in operation, with a rotal
output capacity of 37.196 gigawares. In FY1992, an
estimated 28.3% of the nation’s electrical power was
supplied by these facilities.

Most nuclear power in Japan is currently
generated using light water reactors. Here, the
electric  utilicy companies and
manufacturers  of atomic power generation
equipment, erc. have cooperated 1o develop
technology that enhances the level of reactor
reliability, minimizes downtime and reduces
employee exposure to radiation. But the current level
of light-water reactor safecy not being overrelied, the
technology should be advanced with the aim of
improving the economies, reliabilicy and safery.

(3) Establishment of a Nuclear Fuel Cycle

In order to promote nuclear power generation
continuously and smoothly, establishment of a
nuclear fuel cycle aiming at stable fuel supplies and

optimal utilization of uranium resources is an

government,

important policy issue,

PNC is actively promoring R&D of gas cencrifuge
uranium enrichment technology which can be used to
provide a stable supply of enriched uranium for rhe
nation's power reactors., A commercial uranium
enrichment plant ar Rokkasho-mura in Aomori
Prefecture, started partial operation in March 1992 on
the basis of PNC's research resules. R&D also has
been conducted on new technologies including laser
isotope separation that make uranium enrichment
maore economical.

It is the government’s policy to reprocess spent
fuel in order to allow for the optimal utilization of
UrANIuMm resources.

PNC's Tokai Reprocessing Plant reprocesses spent
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fuel from the nation’s power reactors. As of the end of
March 1993, «the plant had reprocessed
approximately 680 tons of spent fuel. Plans are
underway for a commercial reprocessing planc ac
Rokkasho-mura with an annual reprocessing capacity
of approximately 800 tons.

PNC also is conducting R&D on the reprocessing
of spent fuel from fast breeder reactors,

(4) Promation of the nuclear energy back end policy

Taking measures to treat and dispose of
radioactive waste appropriately is a very important
issue on the nuclear fuel cycle.

As for low-level radicactive wastes, measures are
taken to reduce their generation, and the generated
wastes are submitted to proper volume reduction and
solidification trearment.

The plan to bury low-level radicactive solid wastes
at shallow depths is underway in Rokkasho-mura
and laying of wastes was launched in December
1992

High-level radioactive waste generated from the
reprocessing planc is vitrified into a stable form,
followed by storage for 30 to 30 years for cooling,
after which it will be disposed of underground in a
geological formation deeper than several hundred
meters. The construction of a temporary storage
facility for vicrified wasce is being planned ac
Rokkasho-mura in Aomori Prefecture. The project
was approved by the Prime Minister in April 1992, In
addition, the Steering Committee on High-Level-
Radioactive-Waste Project (SHP) was established in
May 1993 to prepare and promote the disposal of
high-level radicacrive waste materials. In addirion,
R&D is being promoted on geological disposal by
the PNC. As a part of these activities and to
consolidate geological disposal rechnology, PNC also
is planning to set up the Storage Engineering Center
as an integrated research center for storing high-level
radinacrive wasee and orther macerials.

Separation of nuclides contained in high-level
radioactive waste so that useful nuclides can be
urilized, and conversion of long-lived nuclides into
short-lived, or non-radioactive nuclides are
important research themes. R&D acrivities are
carried out with the cooperation of the JAERI, PNC
and other concerned organizations.

Since FY 1981, the Japan Atomic Energy Research
Insticute has been rackling R&D on technological
developments related to measures to abolish nuclear
reactors from nuclear power facilities modeled on the
Japan Power Demonstration Reacror (JPDR). They
have been implementing the dismantlement field
test of the JPDR since FY1986, and started to
dismantle the radiation screen in FY1990. In
addition, the Nuclear Power Engineering
Corporation (NUPEC) has been proceeding with a
verification test for reactor abolishment technology
since FY' 1981,

(5) Advanced Reactors and Plutonium Utilization

One of Japan's nuclear energy goals is to establish
a system for ucilizing plutonium recovered by
reprocessing spent fuel in order to stabilize the
nation’s energy supply and ro optimize utilization of
uranium resources. Fast-breeder reactors will be the
principal reactors for the use of plutonium in future.

For some plutonium  excracted by
reprocessing will be mainly used in light-warer
reactors and in advanced thermal reacrors in order to
establish a broad technological base for the use of
recovered plutonium. Plans for small-scale testing of

time,

mixed uranium and plutonium oxide fuel (MOX) in
light-water reactors are underway. This will be
followed by the use of MOX fuel in one PWR unit
and one BWR unit of 800,000 kw class or above in
the mid 1990s, whereby the MOX fuel will be
loaded into 1/4 of the reactor core. The scale of this
operation will be gradually and systematically
expanded to four units with a 1 million kw class
light-water reactor at the end of che 1990s, in which
the MOX fuel will be loaded into 1/3 of the reactor,
and to about twelve units after the year 2000,

PNC has developed the technology for the
advanced thermal reacror and the protorype reactor,
FUGEN, is now operated well. As for the
demonstration  reactor, construction plan s
proceeding on the initiative of private firms.

PNC also has carried out extensive development
work for the fast breeder reactor. The experimental
reactor, JOYO, also is now operated well by PNC.

With respect to the prototype reactor MONJU
which is under construction by PNC (based on the
results of JOYO), installation of machines and
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equipment was completed in April 1991 and
comprehensive function teses were started in May
1991, and were completed in December 1992,
Continuous performance tests are being carried out.
The R & D plan for the demonstration reactor has
carried out under initiative taken by the urilities.
This plan is proceeding, setring the targer dace for
the start of construction at the 2nd half of thel 990s.

The plutonium being used in the narion’s fast-
breeder reactors and in other R&D programs is
provided by reprocessing of nuclear fuel used ar
Japanese power plants. As regards the method of
transportation to return the plutonium which has
been recovered by reprocessing done in France and
the United Kingdom, the first cransportation by sea
based on the Japan-United States Nuclear Power
Cooperation Agreement (revised in 1988) was carried
out by the PNC, and completed in January 1993.

The formulation of subsequent plans are being
examined, based on the experience gained by this
transportation and the supply and demand situation
for plutonium in Japan.

(6) Promotion of Advanced Projects

Fusion energy has the potential of ensuring a
virtually inexhaustible supply of energy for future
generations and 15 expected to become a reality. In
Japan, R&D on nuclear fusion is being carried out
systematically and comprehensively based on the
basic program determined by the Atomic Energy
Commission (AEC). In June 1992, the AEC adopted
“The Third Phase Basic Program of Fusion Research
and Development”, and currently, The Japan Atomic
Energy Research Institute (JAERI), che National
Insticute for Fusion Science (NIFS) of the Ministry
of Education, universities and other national research
institutes are executing the fusion R&D based on
this program.

With regard to the state of progress of R&D on
nuclear fusion, since July 1991, JAERI has been
performing experiments to develop a higher plasma
performance with the Break-even Plasma Test Device
(JT-60) using heavy water. The results broke the
existing world record for fusion resules (resules of
core ion temperature, core plasma density and
confinement time) which exhibic the overall
performance of plasma. As for cthe Internacional
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Thermonuclear Reactor (ITER)
project, jointly undertaken by Japan, the United
States, the European Community and the Russian
Federation, the four parties concluded an agreement
for the ITER Engineering Design Activities in July
1992 on the basis of the resules of the Conceptual
Design Activities, and engineering design activities
have started. The world’s largest Large Helical
Device (LHD) with a superconductive coil is now
under construction at the NIFS in order to
investigare the confinement physics of the helical-
type steady-state operation and high-temperacure
plasma.

As regards che unilization of radiation, the Atomic
Energy Commission/Advisory Committee  on
of Radiation issued che paper
“Developments of Radiation Utilization” in June
1993, which formulated their policies on the
promotion and diffusion of the advanced R&D using
accelerators.,

Radiation has come to be used in a wide range of
fields, beginning with the basic sciences and
extending into medicine, agriculture and industry.
In medical sciences, research is being conducred on the
uses of fast neutrons, protons or heavy ion beams to
treat malignant tumors, while diagnostic technology
employing X-ray computer tcomography and X-/ y-ray
radiotherapy for malignant cumors already is widely
utilized. In parricular, the National Institute of
Radiological Sciences (NIRS) is using fast neutron
and proton beams, and also heavy ion beams for the
remarkable treatment of cancer cells. The Insticute
currently is building a heavy-ion medical accelerator
to demonscrate the clinical potential of radiation for
cancer treacment. Research in this area is also under

Experimental

Urilizarion

way 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, etc.

In industry, radiation is being used for non-
destructive testing, for quality improvement of
polymers, etc.

Since FY' 1987, JAERI has been constructing an
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Ion Irradiation Research Facility. Its completion is
scheduled for 1993, although it began partial
operation in FY1991.

JAERI and the Institute of Physical and Chemical
Research (RIKEN) have been constructing since
FY1989 a next-generation synchrotron radiation
facility (SPring-8) at the Harima Science Garden
City in Hyogo Prefecrure. Irs completion is
scheduled for FY1998. The National Laboratory for
High-Energy Pyisics of the Ministry of Education
also has been conducting high-intensicy synchrotron
radiation research using the “TRISTAN" injection-
accumularion 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) wich
the goal of establishing high-temperature gas reactor
technology and pioneering basic research into high-
remperature phenomena.

JAERLI is leading R&D on the Mutsu nuclear-
powered ship which in February 1991, began a year-
long series of test voyages to obrain knowledge
concerning the effects of vibration, pitching and
rolling, and variation in load on the nuclear reactor in
an oceanic environment, and all experiments were
finished successfully in February 1992. During this
period, there were four journeys offshore of che
Hawaiian Islands to the east, the Fiji Islands to the
south and the Kamchatka Peninsula to the south, to
obtain worchwhile data, on normal sea areas, high
temperature sea areas and violent sea areas.
Currently, the Mutsu nuclear-powered ship is being
relieved of its duty by the "removal and separation”
method in which the nuclear reactor is removed and
dismounted from the ship's hull together with che
nuclear reactor chamber, and the spent fuel is being
removed. In addition, making full use of the resules
obtained from the Mutsu, research on design
evaluation is being conducted with the aim of
improving the economies and reliabilicy of furure
MAring reacrors.

In addition to the above programs, JAERI, the
national universities and the national research

institutes are furthering basic research in the
following fields. In particular, the JAERI established
the Advanced Science Research Center in April
1993 in order to further consolidate basic research
activities.
* MNuclear and reactor physics
» The physiological effects of radiation
* Irradiacion resting 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.
* Marterials technology for nuclear facilicies
* Artificial intelligence technology for nuclear
facilities
* Laser technology for the nuclear energy field
* Technology for assessment and reduction of
radiation risk
In April 1993, the Specialist Working Group for
Promoting Basic Technology of the Atomic Energy
Commission published the paper, “The Development
of Basic Research and Development of Underlying
Technologies”. This set out the three areas of
technology: new advanced measuring and analysis
technologies using radiation beams, computing
science and rtechnology for nuclear Energy, and
supporting  people's
acrivities in the nuclear power field. The paper also
described the necessity for industry, universities and
government agencies to vigorously promote these
areas of technology.
(7) Contribution to the World Communicy
While developing nuclear energy, nations have
making international
cooperation an importanc factor in ensuring that

technologies intellectual

become interdependent,
R&D in this area are carried out as efficiently as
possible.

Japan’s effores in nuclear energy R&D are both
bilateral and multilateral. Bilateral acrivities include
information sharing, exchanges of personnel and
joint research projects. Multilateral activities are
encouraged at national government levels chrough
rreaties and agreements and through support
provided to international organizations. In April
1991, the Japan-Sovier Agreement for Cooperation
concerning Peaceful Uses Nuclear Energy was
concluded. Japan also is cooperating with developing
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countries projects  with

neighboring Asian nations including che sponsorship

for MNuclear

through regional

of rhe Inrernarional Conference
Cooperation in Asia.
(8) Public Acceprance of Nuclear Energy

Public acceprance and cooperation are essential to
the smooth development and utilization of nuclear
energy. First of all, the government is taking all
to ensure safery. It also
disseminartes information on nuclear energy chrough

measures  possible
the mass media, encourages public relations ac the
grass roots level by sending instrucrors to study
groups around the country, and conducts public
relations through personal experience in which
simple gauges are rented to actually measure the
radiation around oneself.

3.4.1.2.2.2 R&D on MNatural 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 thar are largely due ro the characrerisrics of
these resources. However, it is important to
overcome the various problems that impede cheir
development, since natural sources of energy are
clean and, unlike fossil fuels, do not discharge carbon
dioxide, the principle cause of global warming.
Evenetual 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 Science and Technology Center, as well
as through work on other related programs.

Solar energy can be utilized for hot warter 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 rechnologies to
promote the industrial use of solar energy are
underway. The governmene also is encouraging R&D
on photovolraic power generation with the goal of
substantially lowering the cost of solar batteries and
their systems while improving their efficiency.

Geothermal energy resources are abundane and a
Japanese-produced source of energy. In preparation
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for expanding the uses of geothermal energy, R&D
is progressing on techniques for assessing deposits of
geothermal resources, technology for exploration,
drilling and extraction of geothermal resources, and
technology for power generation systems using hot
water.

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 ochers. R&D is also
being furthered on combined systems that would
integrate these, technologies with power generation by
breakwarers and the use of deep-sea warer.

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, R&D of
large-scale wind powered generation systems are
progressing toward the goal of expanding use of
wind energy.

The development of biomass and biological
energy technology including photosynthesis is faced
with many obstacles, including the low energy
output density of the energy sources, and difficulries
in transport and storage. However, these energy
resources would not only be renewable, but would
no negative impact on the
environment. Research is progressing into che
evaluation, introduction and influence of the new
technology  for  producing  methanol-driven
automobiles.

have little or

3.4.1.2.2.3 R&D on Fossil Energy

Oil 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. In addition,
R&D is being conducted concerning identification
of deposit conditions and effective utilization of
petroleum in cthe neighborhood of Japan.

Coal, as well as nuclear energy, is used as an
alternative to oil and the government is encouraging
Ré&D on new technologies. For example, R&D in

Science and Technology Agency



Science and Technology Policy Development in Japan

such fields as coal liquefaction rechnology and coal
hydro-gassification technology are being encouraged
as a part of the Sunshine Project.

Since natural gas also ais being used as an
alternative to oil, and especially is a clean source of
energy that has minimal negative effect on the
environment, the government encourages R&D on
this resource.

3.4.1.2.2.4 R&D for More Efficient Use of
Energy

From the viewpoint of securing stable supply of
energy, coping with global environmental issues, and
the effective use of limited energy resources, it has
become essential to bolster R&D for more efficient
usage of energy ar each stage from its supply to end
use and promote R&D for the optimum usage of
energy for society as a whole.

The Government is actively promoting R&D on
a network system using a wide range of energy
sources (Eco Energy City: the New Sunshine
Project), the conversion and efficiene use of energy,
and national construction technigues for saving
resources and energy.

Moreover, the New Sunshine Project is bolstering
R&D on high thermal efficiency ceramic gas
turbines thar can be used in cogeneration systems,
and R&D into fuel cell technology for clean and
highly efficient power generation, superconducting
materials and technology for superconducting power
generation systems, technology for decentralized
battery power storage, and rechnology for an
international clean energy system using hydrogen.

In addition, progress is being made in developing
the practical applications of rechnology for
rationalizing energy uses.

3.4.1.2.3 Development and Recycling of
Resources

For R&D on the development and management of
natural resources, R&D for a manganese nodule
mining system designed to mine the manganese
nodules found at the bottom of deep seas which
contain important metals such as nickel, copper,
cobalt and manganese is being promoted through
MITI's Industrial Science and Technology Frontier

Program. The Miniscry of Agriculture, Forestry and
Fisheries is promoting the development of next-
generation  agricultural  systems  maintaining
harmony with the ecosystem, and cthe development
of recycling techniques for wood waste materials,
based on their policy of encouraging the high-level
recirculation of materials, The Minisery of
Construction is developing construction technology
R&D, such as suppressing the occurrence of by-
products  during

reproducibility techniques.

construction as  well as

3.4.1.2.4 Continuous Production of Foods
The following are some of the R&D activities
which are important to contribure to the continuous
production of foods: the development of the
technology for plant breeding and animal rearing
and cheir propagation,
productivicy and development of che facilities of

improvement of che

farming and forescry lands, improvement of the
management technology for cultivation, plant
breeding and animal rearing, rationalization of the
storage and distribution systems, the collection and
preservation of gene resources, and the development of
uses for unused or under-used resources. Other work
being promoted includes research to develop new
agriculrural, forescry and fishery techniques chrough
the clarification and control of biological informartion
by the Minisery of Agriculeure, Forestries and
Fisheries; research to elucidare and ecological order
in the agricultural, forestry and fishery systems and
develop optimal controls; and R&D into MITI's
technology using the tropical life form functions and
the Ministry of Agriculture, Forestry and Fisheries®
Gene Bank Project.

3.4.1.3 Encouraging Science and Tech-
nology for Enriching Life and Society

Japanese society is maturing and che proportion
of old people in the population increases and The
secking mental or
psychological fulfillment by leading comfortable,

Japanese are increasingly
relaxed lifescyles. In chis context, it is even more
important than ever to maineain and improve health,
secure safety and improve life environment and the
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socioeconomic foundacion. Wich this understanding,
the 18th Recommendation of the CST (submirtted in
Januvary 1992) indicates the importance of
encouraging science and technology for the
enrichment of individual life and society, and che
Japanese government established che “Basic Policy for
Science and Technology™ at the cabiner meeting in
April 1992 in response to this recommendation. The
related ministries and agencies are encouraging R&D
to maintain and improve the health, improve the life
environment, the socioeconomic foundarion and
perfect disaster prevention and safety measures.

3.4.1.3.1 Maintaining and Improving the

Mental and Physical Health of the People
Maintaining and improving the mental and

physical health of the people is the cornerstone to

enabling everyone to live comfortable and prosperous
lives.

For this purpose, it is important to encourage
R&D on wvarious technologies to maintain and
improve physical and mental healcth on a dally basis,
and R&D on technologies to prevent the generation of
and for processing various materials harmiful to
human body, techniques for decreasing their
influences on human bedy. It is also necessary to
advance and integrate medical rechnologies by
developing diagnosis and creacment methods and the
medicines for diseases to be perfectly cured, and for
diseases taken up as social issues. In this case, it is
important to take into account the discussion
concerning the dignicy of men and bicethics from
many aspects.

A number of government organizations have
formulated policies and published recommendations
that have established government priorities for R&D
in health-related areas. Some of the key documents
which have been drawn up include the following.

» Opinions on Basic Guidelines for Promoting
Neurological Science and Technology,
submitred in August 1987 by the CST

» Opinions on Basic Guidelines for Promoting
Immunological Science and Technology,
submitted in August 1987 by the CST

o Guidelines for General Anti-AIDS Policies,
submitted in February 1987 by the Cabinet
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Council for AIDS-Counter Measures
* Opinions on Basic Guidelines for Promoting

Cancer Kesearch, submirted in July 1983 by the

C5T
+ Tenwear General Anti-cancer Strategy,

submitted in June 1983 by the Cabinet Couneil

for Cancer-Counter Measures
* Promotion of Basic Scientific Research for

Formulating Drugs (recommendation submitted

in Ocrober 1990 by the National Scientific

Research Inscicure)

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.

# Studies on disabilities
¢ Development of Techniques for the Evaluation and
Application of Functions of Agricultural, Forest,
and Fishery Products that Contribute to Healch
* Technology for the diagnosis and treatment of
cancer, AIDS, diseases of the circulatory system
and current incurable diseases

* Development of medical trearment systems

* Formulation of original and revolutionary drugs

¢ Development of diagnestic and cherapeutic
equipment and arcificial organs

* R&D into the elucidation of the causes of food
allergies, and into their prevention and treacment

3.4.1.3.2 Improvement of the Life Environ-
ment

Dealing with issues such as improving the quality
of life, the proportional increase of old people in
population strucrure and making adjustments to the
decline in  the birchrate, are primarily the
responsibilities of the local community, the family
and the individual. Therefore, it is important to
promote R&D on the life rechnologies of food,
clothing, housing, etc., and the technologies to give a
mental satisfaction and to support the formation of
communities in order to create an affluent life
environment which allows men to exhibic their
characreristics and a cultural life. It is also importane
to encourage R&D on welfare technologies to
delicately meet diverse needs so thar the old, the
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handicapped can live without feeling largely
inconvenience and actively participate in social
activities.

The CST has addressed chese issues and set out
R&D priorities in Opinions on Basic Guidelines
for Promoting Science and Technology
Appropriate to Long-lived Populations, submirced
to the Prime Minister in May 1986. Based on this, the
government is encouraging R&D in areas related to
lifeseyle improvement, support for various culeural
activities, the fostering of safe, livable communities
and adjustment to a prolonged demographic shift
toward an aging populacion.

In this regard, the Science and Technology
Agency, the Ministry of Health and Welfare, the
Miniscry of International Trade and Indusery, the
Ministry of Transport and the Ministry of Labor are
encouraging R&D in the following areas.

* Development of technology applied to measuring
the human senses

* Research into establishing comprehensive safery
measures to cope with the changes in the traffic
environment

» Comprehensive research into the sciences of long
life

* R&D into the technology for developing the
medical welfare equipment designed especially for
the needs of the elderly

* R&D into expanding the work available for
the elderly and into equipment for ensuring
their safety

* R&D into the construction and effective utilization
of lifestyle information systems for the health
preservation and medical treatment required by an
aging society

3.4.1.3.3 Improvement of Socioeconomic
Foundation

The improvement of a social and economic
foundacion is being sought domestically and abroad as
society as a whole advances and becomes complicated
through progressive
development of traffic, transport and relecommuni-
cation systems. Therefore, it is important to
encourage the following.
 Technologies for comprehensive utilization of

urbanizacion and the

national land
* Technologies for civil engineering and construction
of public facilities
* R&D concerning traffic and transportation
* Technologies aimed at the establishment of an
advanced information communication system
¢ Technologies for the construction of a data base
* R&D of waste treatment technologies
Furthermore, with atrention to the decrease of
load on the environment, it is also important o
promote R&D on the technologies concerning
production  activities to
diversification of consumer demands and rthe

respond  to  the

shortage of labor force.

A number of government organizations have
formulared policies and published recommendartions
that establish priorities for furchering 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
Transpori, published annually by the Ministry of
Transport.

o Research and Development Guidelines for
Telecommunications Technology, published in
May 1992, partly revised in August 1993, by the
Minisery of Posts and Telecommunications.

» Transportation Technology Policy Prospect for
the 21st Century published in June 1991 by the
Council for Transportation Technology.

o Emphasis on Priorities and the General
FPromotion of Experimental Research Related
to Pollution Prevention, published annually by
the Environment Agency.

R&D of the following are being encouraged by
the National Police Agency, Environmental Agency,
Miniscey of Agriculture, Forestry and Fisheries,
Ministey of Transportation, Ministry of Posts and
Telecommunications and the Ministry  of
Construction, and other ministries:
¢ Development of planning and construction

technologies for cities and rural communities

* Development of rechnology to maintain and
control city functions and
transportation system

a new traffic
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* Development of a new informacion telecomm-
unicarion system

3.4.1.3.4 Substantialization of Disaster
Preventive and Safety Measures

In constructing a charming society where people
can live with peace of mind, it is important to
remove or reduce the following anxiety and danger
factors which effece life and society.
¢ Nartural disasters such as volcanic eruptions and

earthquakes, etc.

* Disasters or accidents caused by fire, explosives
and combustibles, erc.

* Crimes committed in  computer and
telecommunication networks

* Accidents in large-scale systems

Therefore, it is necessary to encourage R&D on
the elucidation of the mechanism of disaster-causing
natural phenomena and prediction of natural disaster
and Ré&D of prevention and restoration technology
as well as encourage R&D of technology to respond to
fire and disasters caused by fire, explosives and
combustibles and technology to operate, maintain
and manage large structures and systems. It is also
necessary to encourage R&D of technology to deal
with new dangers which are increasing in daily life
and in the work environment as a resulr of cheir
]Jd.'t.[}tﬂ:il!!; more ﬂ:{,‘i'mu]l::hgir;al]}' $t1p|!1istif:atcd and
information-oriented.

In this field, The Basic Plan on R&D
Concerning Disaster FPrevention (decided by the
Prime Minister in July 1981), etc. were established.

The Science and Technology Agency, the Ministry
of Education, the Ministry of Transport, the Ministry
of Construction and other organizations are
promoting R&D on the elucidacion, predicrion,
prevention and recovery techniques related to the
mechanism of disaster-causing nartural phenomena
such as earthquakes, volcanic eruptions and weacher-
caused disasters. In addition, Mational Police
Agency, Ministry of Labor, Minisery of Home Affairs
and other organizations are promoting R&D in such
fields as the technology for countermeasures in
response to disasters involving fires and dangerous
materials, and the preservation of hygiene and safery
in the workplace.
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3.4.2 Research Activities by Organi-
zation

3.4.2.1 Research Activities at the National
Research Institutes

The national research insticures conduct specific
research activities under the auspices of the miniscry
or agency with which they are affiliated. In FY'1993,
expenditures by the national research institutes for
experimental research costs, personnel costs and
facility costs were 366.5 billion yen up 7.2% from
Table 3-4-9 lists these
expenditures by ministry and agency. A tortal of
14,573 people were employed including 9,612
researchers. This was down 64 from the previous
year, including 29 fewer researchers.

the previous year.

3.4.21.1 Ordinary Research and Special
Research

Ordinary research consists principally of research
activities in comparatively basic fields thae is
conducted on a regular basis to provide the
foundarion for ocher research accivities.

Special research, unlike ordinary research, consists
of planned research activities that must be conducted
expeditiously within a fixed time period to meet
societal or governmental requirements.

3.4.2.1.2 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 che national
institute are highly expected as well as universities.

In this context, a number of highly promising
basic research projects are currently underway ac the
national research institutes; national universities, ecc.
Since this basic research provides the impetus for
development of innovative technologies, the Science
and Technology Agency urtilizes the Special
Coordination Funds for Promoting Science and
Technology in the following ways to support R&D

Science and Technology Agency
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(million yen)
Ministry or agency FY 19492 FY 1993
Mational Police Agency 1209 1.303
Hokkaido Development Agency 150 158
Defense Agency 125,880 136,038
Economic Planning Agency 930 965
Science and Technology Agency 41.875 46,861
Environment Agency 8,383 8901
Ministry of Justice 1.063 [.141
Ministry of Finance I.434 [.542
Ministry of Education £.550 B.I57
Ministry of Health and Welfare 19,367 19420
Minisiry of Agriculiure, Foresiry and Fisheries 6, TOT 67,352
Ministry of International Trade and Industry 44.574 46,4491
Ministry of Transport 9,825 10,141
Mimsiry of Posis and Telecommunications 5,289 7,208
Ministry of Labor 1,862 2.374
Ministry of Construction 6.130 T.113
Minisiry of Home Affair 631 658
Total 1,870 366,515

Notes: |. 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.

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 FY 19853)

* International Core System for Basic Research to
promote international research exchanges (since
FY'1988)

Also, since FY1993 rthis lacter system has
provided a research environment to bring together
excellent researchers from different countries and it has

also set up the “Center of Excellence (COE)" to
announce the resules of che excellent research to the
world, and to provide COE support centering on the
national research institutes and other similar
Drganizations.

In FY'1990, the science and rechnology special
researcher system was established and implemented for
activities in national research institutes by accepting
young researchers in these institures as part-time
employees.
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3.4.2.2 Research Activities at Public
Research Corporations

In addition ro the national research institures,
important government-sponsored research activities are
conducred ar public research corporations. Funding for
these corporations is provided by government
investments and subsidies as well as by private secror
investment. They are effective measures 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 secror.

Public research corporations are destined to play
an important role in Japanese R&D as chey are
capable of sustaining the comprehensive efforts
required to accommodate the growing voelume of
large-scale, complex projects.

Table 3-4-10 lists the main purposes and research
activities provided by che principal public research
COrPOrations.

3.4.2.3 Research Activities at Academic
Institutions

Academic institutions conduce research with che
goal of extending knowledge. At these institutions,
in an
independence,
inquisiciveness and the free dissemination of ideas.

Japan’s nacional and private universities and
colleges lie ar the cencter of this acrivity and are
charged with maintaining and raising the standard

innovation and creativity are fostered

1.-'F.|1|-'i ronment that cncnumgcs

of the nation’s academic worth. The universities and
colleges promote academic development by paying
high regard to the independence of researchers and
encouraging education and research to mature
togecher in studies thar are focused around the
humanities, social sciences and nacural sciences.
The Ministry of Educarion suppores research
activities in graduate schools, departments of
universities and colleges, their attached laboratories
and research institutes and in inter-university
research institutes. Although education and research
activities are basically treated as two parts of an
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inseparable whole, for accounting purposes,
expenditures designated for research can be classified
into the following categories.
* Expenditures for ordinary research
* Expenditures for separately 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

Expenditures for ordinary research to provide the
foundation to conduct research independently,
consist, at the national universities and colleges, of
personnel expenses, research expenses by faculty
members and research-related travel expenses by
faculty members. The Ministry of Education
supports personnel expenses and overall education
and research costs for private universities and
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 advanced scientific research in
ficlds that contribute to the furtherance of the
sciences in Japan. This granr-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 incerest for the furcherance of academic
knowledge and for which outstanding results may be
obtained. This grant-in-aid has been instrumental in
furcthering research in  Japan by
encouraging creacive and innovative scientific
rescarch and by nurturing the formacion of
distinguished research groups.

In FY1993, the following researches are being

scientific

promoted.

* “High-Priority  Research” for promoting
innovative research in areas which Japan is
competing on a cutting-edge level in international
community

* “Priority Research” for promoting research in areas
with strong scientific and social demands

* “General Research (A), (B), (C)" for encouraging
creative and innovative basic research and for
developing social sciences and humanities

* "Commendatory Research (A)" to promote research
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Table 3-4-10 Public research corporations

research O Ry .

Orgamization Purpose and sctivities

T H 3 3 I o Y

J Klomic Fosrgy Re " O c.arnr out comprehensive, efficient research on mu:h.aremrg}' de'-_elapmen:. r:m!qiuu basic and

Institute (JAERI) applied research on nuclear energy; nuclear reactor design, construction and operation; R&D of
nuclear-powered ships; and to disseminate information and technologies.

Froiats of Physical and Chamical Tﬂ.‘-kmu]‘ enginal, innovative technologies, l:vul'!:lw:l hrm.ul-wnpng. ﬂl.l'-'imcf.'d experimental

R I (RIKEN) basic and applied research level in physics. chemistry, agriculwral science, biology and other
fields; 10 disseminate information and technologies o the academic and industnal sectors.
To commission development of new technologies, amd basic rescarch deemed necessary (o

B 1 Development C i develop new technologies, 1o d.i:is::rnin:ltc iﬂml'l'l'lalil:lf'i :|r_|d tcchnc-l:rlgir:si_; grant f:nmts.!iinm for the

: development of new technologics; pramote communeation among the intematicnal research
of Japan (JRDC)

community; facilitate technology transfer; Supply information pertinent to the intemational

Power Reactor and Nuclear Fuel

Primary development work is o establish key elements of the nuclear fuel cycle, including fuel
development, uranium prospecting and mining, reprocessing of spent fuel, development of

Development Corporation { PNC 3
P . autonomous technology for fast breeder reactors, and new Lypes of conversion reactors,
: To contnbaite to space science and techaology and the utilization of the space environment for
Nationil Space Development
Agency Of Tapaa (NASDA) peacelul purposes, comduct general development of saellites and the launch vehicles o launch
A 2 them. and o manapge lsunching and tracking operatons.
To further science and technology useful in ocean development; conduct generml experimental
Japan Marine Science and research, including R&D of technologies for deep-sea surveys, R&D of technologies for Ocean
Technology Center (JAMSTEC) observation; to commission and manage large, joint-use facilities for experimental rescarch,
conduct training programs, information gathering and dissemination.
New Energy and Industrial To improve Japan’s industrial iechnologies and to further international exchange in the field of
Technology Development idustrial technology: conduct RE&ED of technologies for industrial use; establish a research
Organizations {NEDC) infrastrisciure; promole joint international research,

by capable young researchers
* “Fellowship for encouraging special researchers”
“Experimental Research” for promoting both
experimental and applied research
* “International Scientific Research” for promoting
international joint research projects
» “Research Reporting Expenditures”
* “Original Basic Research Expenditures” for

promoting new scientific programs (Table3-4-11),

Training and securing a large number of creative
young researchers who can flexibly respond to
developments in new research is also an issue of
critical importance in  strengthening  che
infrasteucture for scientific research and for its
development. In FY'1985, 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 to attend the later period of doctor
degree programs in graduate schools and those who
have obtained the doctorate degree to devote
themselves to independent creative research. In
FY1993 the amount of the fellowship fund was
greatly increased so that the total of research fellows
was expanded to 1,700,

In addition, scientific investigators at universities
have been besieged with requests by privare industry
and other secrors of society. To address this, the
Ministry of Education has implemented a number of
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Table 3-4-11 Research classifications for scientific research grants

Besearch classification

Purpose/Description

High-pricrity reseanch

Promation of pioneering scientific research in international leading-edge ficlds: 42 research themes are
being promated during FY 1992,

Dynamic, intensive promotion of scientific research in areas or fields where strong scientific and social
demands exist: Research projects for FY 19492 cover T7 different fields incheding environment, earth and

Prienity rescarch

space science, energy science, substance and material science, information and electronic science,
life sciences, and social sciences and humanities as well as a special cancer-related research,

General research, commendiony
research A, etc.

Support for research aimed o strengthening the foundations and maintuming or impooving the level of
seientific research and research conducted by university and odher young researchers.

Experimental rescarch

CGireater promotion of expenimental or applied research projects with the potential for research results o
find commencial use as well a5 promating social interaction with the private sector.

International scientific reseanch

Promaotion of foreign scademic studies and joint research

fmnmu'lhj:qm‘:' :|‘¢:u|,."{|.1‘a,!|1 B

Support for scientific rescarch being conducted by elementary school, middle school, high school, and
other school ieachers and by private sector reseanchers,

Special researcher granis

Suppornt for research conducted by special researchers of the Japan Science Promotion Assoclation.

Research publishing promotion
expenditunes

Promaote the publishing of scientific rescanch results

Original basi arch il
riginal basic research expenditunes S

Promaote research themes decided by the Science Committee { Promotion of research according 1o the

measures that enable them ro cooperare with private
industry on joint research projects that meer the
needs of society in an appropriate manner, while
protecting the autonomy of the universiries.

In FY1983, the Ministry of Education established
the “University-Private-Sector  Joint  Research
Program” to allow narional universities and ocher
institutions to accepr researchers and research
funding from privare industry. These rescarchers
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 FY1992, 1,241 joint projects had
been conducted under this program for the
development of marerials, equipment, software and
other technology. From FY 1987, the Miniscry has
commissioned "Joint Research Centers” ar national
universities for joint research projects and other areas
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of academic and private-sector cooperation. The
Ministry also i1s promoting private-induscry and
university cooperation on joint research by making
it easier for colleges and universities to undertake
concract research and EI.CCEPI' CONCrace mtﬂ.rﬂhﬂﬁ,
Funds for this are provided through the Grane-in-
Aid for Scientific Research. The Japan Society tor the
Promorion of Science also is encouraging academic-
private sector cooperative activities through its
General Liaison Commitree.

Academic research is an  all-encompassing
intellectual endeavor that helps further knowledge
regarding ourselves and our universe. Thus,
expanding the frontiers of academic research requires
cooperation and a free exchange of” ideas across
national boundaries. Over the last few years, che need
for international effort to deal with resource and
energy problems and global environmental problems
has intensified. Moreover, many fields of scientific

Science and Technology Agency
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research, such as high-energy physics and nuclear

fusion, require large-scale facilities and advanced

equipment that are often beyond the capiral
resources of any single nation.

To address these issues, Japan is encouraging
international cooperation in scientific research in the
following areas.

* Invitacion of researchers from overseas to conduce
research in Japan under the Special Overseas
Researcher Fellowship Program

» Dispacch of Japanese researchers to participate in
R&D activiries overseas

* Encouragement of joint bilateral and 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 multilaceral

agreements with the International Council of

Scientific Union (ICSU), the United Nations
Educarional, Scientific and Cultural Organizacion
(UNESCO) and other international bodies. The
Ministry of Education also is actively encouraging
university exchange programs with developing
countries.

The Ministry of Education is working on various
measures to complete preparations for the condition
and structure to accepr foreign researchers in order
to encourage these kinds of international scientific
exchanges.

In July 1992, a recommendation was given by the
Science Council of Japan regarding “Comprehensive
Promotion Measures for Academic Research in
Prospect of the 21st Century” to respond to
significant changes in the various situations
surrounding academic research in recent years. In
this recommendation, the basic concepr for
promoting academic research is proposed as follows.

1) Academic research as an incellecrual and

creative activity worth to all over the world

2) Consolidation of the research infrastructure

with paying attention to academic research
trends

3) Respect for che independence of researchers and

demand for their social contributions

4) Comprehensive promotion of research and

education

The recommendacion also proposes thar it is
necessary to raise the standard of academic research
infrascructure up to those of Europe and the United
Stares. For rthis purpose, the recommendation
prioritizes a consolidarion of infrascructure with a
plan, and establishment of academic research system
open to the world and responding flexibly to
developments in academic research.

3.4.3 Strengthening the Infrastructure
for Science and Technology Pro-
motion
A strong promotional infrascruccure is a
prerequisite for the smooth and efficient progress of
R&D in science and rechnology roward meeting
various needs in and out of the country.
The government is addressing this issue chrough its
implementation of the following measures.
* Investment on R&D
» Nurturing of research personnel and improving
their treatment
*» Management and supply of equipment and
facilities, materials and genetic resources
* Promortion of the research exchange
* Dissemination of science and technology
information
* Promotion of regional science and rechnology

3.4.3.1 R&D Expenditures

In FY1991, R&D expenditures for the public
sector invested 2,700 billion yen on R&D, up 6.2%
over the previous year, The money was spent
primarily in areas deemed to be of national
importance, such as conducting basic research,
encouraging large-scale research projeces and
improving the infrastruccure of R&D. The public
sector’s share of research expenditures relative to
Gross Mational Produce was 0.47%, lower than in
the U.S. and European councries. Only 12.9% of the
total R&D expenditures in Japan was spent on basic
research (Figure 3-4-12). Given this record, a
continued increase in R&D investments by the
government is desired.
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with abundant creativity in narional research
INStiruees.

The Ministry of Education also has been nurturing
highly capable, young researchers by consolidating
and expanding programs and facilities at graduate
schools and other insticucions of higher learning. The
Ministry  established the Special Researcher
Fellowship Program in FY 1985 under the direction of
the Japan Society for the Promotion of Science.

STA has recognized that good treatrment 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 opinions of the various ministries and agencies
and has made an annual request to the Nartional
Personnel Authority regarding the employment
conditions of government researchers. As a result of
the FY1992 request, the starting salaries of
researchers with university bachelor 1s degrees were
improved by 5.4%, those with master’s degrees by
4.4%, and those with doctoral degrees by 3.8%. The
percentage improvements in salaries for researchers
with the respective degrees in privare institutions
were 4.8%, 3.8% and 4.9%, respectively. The
average salaries of young researchers with research
staff grade 2 on the Salary Scale for Research Seaff
and teaching staff grade 2 on The Salary School for
Teaching Staff were improved by 3.6% and 3.0%
respectively, placing the average salaries for research
staff higher chan che average salaries of teaching staff.
Since FY'1993. moreover, researchers have been able o
use the “flextime” method of choosing their working
hours.

The first measure for FY1993, stared the
desirability of revising the salary scales for research
workers in view of the actual state of the salary scales
for researchers in private institutions (especially those
of newly appointed researchers and young researchers
from the viewpoint of securing talented staff) to
bring them into line wich The Salary Scale 1 for
Teaching Staff (applicable to tenured staff at national
universities and other institutions), which itself has
been specially upgraded to keep in step with the
salaries being paid to teachers ar compulsory
education schools as part of the policy on securing
human resources.

The second measure stated the desirability of
improving the salaries of researchers assigned to
Tsukuba Science City.

As a result of these requests, the starting salaries of
researchers with bachelor is degrees were improved
by 2.3%, those with master’s degrees by 2.4%, and
those with docroral degrees by 2.5%. Also, the
National Personnel Authority recommended chat the
rates should be made higher than the average raises
awarded to middle-leading researchers. The average
salaries of young researchers (research staff grade 2) and
teaching staff grade 2 on The Salary Scalel, for
Teaching Staff were revised by 2.5% and 2.3%
respectively, placing the average salaries for research
staff grade 2 higher than the average salary of
teaching staff on grade 2.

3.4.3.3 Management and Supply of
Equipment and Facilities, Materials and
Genetic Resources

In accordance with The Basic Directives for
Consolidating the Infrastructure for Science and
Technology Promotion, approved by the Prime
Minister in January 1990, the various ministeries and
agencies are promoting measures to implement the
following:

s Esrablishment of a system to ensure a more
complete system of supply for the materials and
genetic resources used in research

* Replacement of obsolete and outdated equipment
and facilities ar national universities and cthe
narional research institutes

s Development of the world's most advanced
equipment and consolidation of core research
functions

* Creation of favorable work environments at
national universities and ar national research
institutes to conduct more joint research projects
with outside researchers
In the area of biological research materials and

genetic resources, the Institure of Physical and

Chemical Research (RIKEN) has established a gene

bank program for the collection, storage and

distribution of the animal and planc cell culrures and
genes required for research in the life sciences. Other
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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
MICTOOLEANISM SCrains.

The Ministry of Educacion is setting up animal
a part of the overall
reorganization of its research support infrastructure

testing facilities as

at the national universities,

The Miniscry of Health and Welfare is operating a
Research Resources Bank char colleces, stores and
distributes human and animal cell cultures needed
for the cancer research carried our under the 10-year
comprehensive anti-cancer strategy.

The Ministry of Agriculeure, Forestry and
Fisheries 1s promoting the operation of the MAFF
Gene Bank, which collects and stores genetic
resources from all types of agriculrural, forescry 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 Institure Parented
Microorganism Depository, deposits and discribuces
microorganisms relaced o 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 Agency is constructing the Next-
Generation Synchrotron Radiation Facilicy “SPring-8"
in the Harima Science Garden City, Hyogo
Prefecrure. RIKEN and the Japan Atomic Energy
Research Institute (JAERI) are joincly implementing
the enterprise. It will be the largese synchrotron
radiation facility in the world with 8GeV stored
electron energy. It also will perform as a source with
higher brilliance and harder
conventional synchrotron radiacion facilicies. This

X-rays than

facility can be used for research carried out in a wide
range of science and rechnology fields, including
materials science, electronics and life sciences. It will
be a joint use facilicy opened to researchers both at
home and abroad.

This SPring-8 is a R&D infrastructure facility
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vital for promoting basic and creative R&D, and 1s
expected to not only help furcher basic research in
Japan, bur also play a key role in international
research cooperation.

R&D acrivities and manufacruring of instruments
are 1o be continued as in 1992, and construction of the
tacilicy is being done at che Harima Science Garden
City, Hyogo Prefecture. It is scheduled to be
completed and ready for parcial use in 1997.

This facility has been rargered as one of the
facilicies for COE research using synchrotron
radiation, and in its role as a facility open to
researchers both from Japan and overseas, it will be
important to consolidate operations. Organizational
restructuring is also needed in order to promote its
use. In a similar vein, the High-Energy Physics
Research Institute (KEK) of the Minisery of
Educarion, one of the core organizartions in the field of
accelerator physics, is carrying out research at the
highly advanced synchrotron radiation facility using
the “TRISTRAN" injection accumulation ring in
order to become the first in the world to break into
new fields of research.

Based on the Act for Construccion of Ré&D
Structures concerning Industrial Technologies, the
Ministry of International Trade and Indusery, under
the Research Foundation Construction Project, is
constructing those research facilities which are
necessary for sophisticated R&D thar should be
promoted in this councry in the future buc which are
difficult to construct only by the efforts of the
private sector. In this project, a third-sector
enterprise, to be established with investment from
the New Energy Comprehensive Research and
Organization for the Comprehensive Development of
Industrial Technology will construct and operate the
facilities which are to be provided for common use
to researchers both at home and abroad.

3.4.3.4 Promotion of Research Exchange

In recent years, scientific R&D have become
increasingly advanced, complex and interdisciplinary
in nature. To promote creativity in science and
technology, Japan must commit itself to developing
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the organizational infrascructure for R&D thar 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 char can be
made available for research are used as efficiently and
effectively as possible.

In the past, the legal rescricrions placed on civil
servants and the strict asset control measures applied
by the government made it 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 Exchange in November 1986. In March
1987, the cabiner approved The Fundamental
Policy for the administration of institutions to
promote governmental research exchange
between industry, wniversities and foreign
countries to help ease the implementation of the
aforementioned law.

Seven years have passed since this law was
established and the situation surrounding science
and technology in Japan has grearly changed since
then. There is a greater need for Japan to make
international concribugions in science and technology
and strong domestic and foreign demands for it ro
promote basic and creative research. Under these
circumstances, this law was amended in July 1992
to further relax che various restrictions surrounding
Japan's research activities of nacional research
institutes (Table 3-4-13).

Im  addition, the Research
Corporacion of Japan has accumulated abundant
experience concerning performance of basic research by
collecting together researchers from industry,
universities and the national research insticuces. The
result of the partial amendment of the Research
Development Corporation of Japan Law, (effective
March, 1993) was to promote increased interaction
berween researchers and consolidate a system to
comprehensively promote exchanges berween
researchers.

Development

3.4.3.5 Distribution of Scientific and
Technological Information

Scientific and technological information is the
resule of the distillacion of highly specialized
knowledge obtained through R&D and supported by
major financial investments, Scientific  and
technological information also 1s a major component
of the infrascructure for promoting R&D.

As science and technology develops, the annual
volume of research information continues to increase,
making it difficule for researchers to access needed
information swiftly. It is, therefore, increasingly
important to gacther and organize information into
easily referenced systems, which can then be supplied
on demand to individual users in the requested
format.

Also, research informarion should be disseminared
to a much greater extent, and a basic infrascrucrure is
needed for the discriburion of research informacion,
including the consolidation of computer networks to
promote an advanced form of R&D.

3.4.3.5.1 Basic Policies for the Promotion of
Scientific and Technological Information-
related Activities

The CST Recommendation pursuant to Inguiry
No.d, Basic Guidelines Regarding the
Distribution of Scientific and Technological
Information, submitted in October 1969, makes
the basis for the promotion of scientific and
technological information-related activities using the
concept of a National Information System for Science
and Technology (NIST).

In December 1989, in its Recommendation
pursuant to Inquiry No. 16, Basic Guidelines for
Managing the Infrastructure for Science and
Technology Promotion, the CST outlined the
importance of a healchy promorional infrastructure,
including scientific and technological information.
To facilitate chis, the CST proposed implementarion of
the following measures.

* Reinforcement of the information distribution
infrascructure with an emphasis on improving the
quality of information and ensuring easy access to
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Table 3-4-13 Summary of the law for facilitating governmental research exchange

Ttem

Legal sysiem before enforcement of this law

Special measures under this law

Term adoption as public
research officials (Amicle 3}

Within the Mational Civil Servam Law, itis a
general rule that employment is based on a lifetime
system and no penod of employment is set,

# According iothe guidelines determined by the
National Personnel Authority based on the National
Civil Servam Law, it became possible 1o establish a
period of employment for research civil servants.

Appoantment of foreigners as
public research officials
{Article 4)

In principle, foreigners can be appoinied as
researchers, but their work is limited (o testing and
research,

# Foreigners can be appointed even as research
division managers or research section managers.

Participation in résearch
meelings (Article 5)

As pant of offickal duties (business inps, owlside
duties) or onhalidays.

F One can be released Trom the obligation 1o carmy
oul ong’s dulies.

Exceptions to the law of
Retirement Allowances for
Govermment Cificials
conceming public reséarch
officials { Articlé &)

For leave (o devote onesell 1o research at a
school, institute, hospital and other public facilities
{research leave), halt of the penod is wsed For
caléulating the retirement allowanée according to
the length of service.

% For leave necessary for carrying oul research
cntristed, by or joani research with, a nofional
research instilute, 10045% of the penod is credited.

Transfer of patent nights, ctc.
relating to the resulis of

SOV EMIMENT-commissiomned
research (Article T)

Mational research institutes apply for patéms, eic.

# Part of the patent rights can be assigned to a
trustee who has bomne the cost.

Use of patented inventions,
ete. relating 1o international
joint research conducted by
the govemnmem (Arnicle 8)

Ivis often requested 10 use patents, etc. of
naticnal institates free of charge or an low cost in
case of intemational joint research. To realize this,
some legal basis should exist.

£ I-'urjnim research with puhlic mg:\ni::aliﬂm of
foreign countries or intermational organizations
conducted by the national government, it was
arranged 50 that paents and other rights held by the
national government relmed 1o these results can be
used a1 no cost or minimal cost.

Handling of patent nghts, ¢tc.
relating to the resulls of
international joint research
commissioned by the
govemment (Anicle 9)

For consignmenis from the national govemment.
patent rights and other such results belong o the
nationel government and it is necessany to collect
an appropriate fee for usape,

# For the results of international joint research
involving consignment from the aational
government, the following tremtment is permitted.
{1 ) Sharing the patent nights or other nghts related
to the subject research results with the consignice.
(2} Allowing the consignee to use the patent rights
or other rghts related 1o the subject rescarch resulis
al no costor minimal cost.

Relinquishment of the right o
claim for damages relating to
international joint

research conducted by the
government (Articke 100

It is often requested in international joint research
to waive governmental compensation claims. To
realize this, some legal basis should exist.

# For joint research with public organizations of
forcign countries or intermational organizations
conducted by the national government, it is
passible for the national government to dispose s
right 1o request compensation for damages.

Use of the government-
owned facilities at low cost
CAnticke 11 )

T permin the use of national propery at lile
eopense, somi legal basis should exist.

¥ Researchers, who are conducting research which
is ¢losely related to research being undertaken by
the national gnw:mi‘m:m or may be of special value
to the subject govermment rescarch and will supply
the resulis of such research to the national
government, can use best and résearch facilities af a
minimal cosi.
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{Article 12)

(Table 3-4-13)
Item Legal system before enforoement of this law Special measures under this law
¥ To conduct imernational research exchanges
‘Whai should be considered using special measures under this law, special

attention shall be paid 1o fulfilling the obligation
to execute treaties and other international
promises and to maintain internaticnal peace and
seCurity.

information by users
* Further international distribution of information
and the dissemination of information among
regional areas in Japan
* Intensified and broader informartion collection
* More advanced
capabilities
The Recommendation pursuant to Ingquiry No.18
General Basic Policies on Science and Technology for
the MNext Century submitred in January 1992
proposes the following.
» Facilitation of the distribution of document
information
* Preparation of an informarion diseribution system
to promote the construction of a fact data base and
its usage
* Strengthening the murual distribution function of
international informarion
* Regional development of a science and technology
informaction network
In response to this recommendation, The General
Guideline on Science and Technology Policy
proposed expansion in production of science and
technology informarion and its distribution
domestically and overseas, and the regional
development of a science and technology information
nerwork.

informacion disseminarion

3.4.3.5.2 Scientific and Technological
Information Activities in Japan

The following sections summarize science and
technology information activities in Japan. Table 3-4-
14 lists scientific and rtechnological information
distribution activities by government minisery and

agency in FY' 1993,

3.4.3.5.2.1 Primary Information Services
Libraries and several other information service
organizations make primary literature available for
reading, photocopying 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 chis available for use on-line.
The Ministry of Education’s National Center for
(NACSIS), in

cooperation with national and local governments and

Science Informartion Systems
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.

3.4.3.5.2.2 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.

Recently, the creation and urtilization of databases in
science and technology fields has increased sharply
worldwide, a cypical example being the rext
databases used to store the contents of large numbers
of academic theses. However, there is also an
increasing demand for factual dacabases chac store
numerical and image data.

The Japan Informartion Center of Science and
Technology (JICST) produces the comprehensive
bibliographic database, inpurting approximartely
690,000 science and technology documents annually,
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Table 3-4-14 Distribution of science and technology information measures in FY1993

Mimistry or Agency

Organization

Activity

Nanonal Died Library

% Collecting domestic and foreign scientific and technical
publications, building indexing databases and supplying
information services

Science Council of Japan

% Compilation of data on intemational cooperative activities of|
the International Council of Scientific Union (ICSLE)

Science and Technobogy
Agency

Science and Technology Promotion Bureay

# Research conceming construction of sell-organizing
information base systems for supponing development of
creative research and other projects funded by the Special
Coordination Funds for Promoting Science and Technology

Nanonal Research Institlute For Metals

# Creating data shegts

Mational Research Instinne for Disaster
Prevention

# Collecting, compiling and providing science and technology
material on disaster prevention

National Institute for Research in Inorganic
Matenals

% Collecting documentary data, etc.

MNational Institute of Science and Techaology
Policy

# Construction of a data processing sysiem conceming science
and technology pohcy reséarch

Japan Information Center of Scienoe and
Technolagy (JICST)

% Building and maintaining databases of scientific and
technical literature and reference databases, including English-
language databases, Providing domestic and overseas
information services

% Intermational dissemination al’lapanm: govemment
publications of science and technology

Japan Atomic Energy Rescarch Institute

% Cooperative work on an intemational system of networks
and databases for information on nuclear energy

Power Rr.':u:,:ll:rr ;|m;| ﬂm,'|¢qr l:'ln¢|
Development corporation

% Compalation of information on nuclear fuel resources

MNanonal Space Development Agency of
Japan

% Design and operation of comprehensive system of networks
and databases for information on space development

Research Development Corporation of Japan

% Compalation of a directory of resexrch on the global
enviranment

The: Institute of Physical and Chemical
Research

% Development of o data system on experimental living
CTZAMiSms

Mational Center for Oceanic Research

# Collecting, processing and providing information on oceanic
science and technology

Envimenment Agency

National Environment Research Institute

% Collecting data on the environment and building datohases

Maticnal Minamia Disease Research Center

# Collecting information and cataloguing literature on mercury
poisoning
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and provides this by on-line. The center also

provides factual databases such as Chemical
Dictionary Database of Chemical Subsrances.

NACSIS creates databases for use in scientific
research, providing this information nationwide over
a scientific information nerwork that links national,
local governments' and private universities and
related organizations.

The Japan Patent Information Organization
(JAPIO) has created a database of patent infermation

thar 15 available on-line.

3.4.3.5.2.3 Clearing Services

Clearing services provide information on specific
research topics. JICST supplies on-line informartion
on a variety of research ropics from public research
INSEITUEeS,

NACSIS has created
containing abstracts of research funded by Grant-in-
Aid for Scientific Research.

an on-line darabase

3.4.3.5.2.4 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 three organizations of
JICST, the Chemical Abstracts Service (CAS) of the
United States and FIZ Karlsruhe of Germany set up
the Scientific and Technical Information Nerwork
International (STN International) which currencly
provides a service well exceeding a hundred different
types of databases.

NACSIS also has been disseminating
internationally Japanese scientific information. In
January 1989, the Center established a link with che
United States National Science Foundation (NSF).
This was followed by establishing ries with the
United States Library of Congress(LC) in the same
year and with the British Library (BL) in 1990.

Since FY1990, JICST has been disseminaring
government documents in science and technology
ficlds which had hitherto been difficult for overseas
researchers to obrain. In March 1993, JICST held an
explanatory meeting on Japanese scientific and
technological information in che United Scates.
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3.4.3.5.2.5 Advancement of R&D Related to
Scientific and Technological Information

A program titled “Investigations for Building a
Selt-Organizing Informartion-Based System to Assist
Creative R&D", which began in FY1990, has been
financed using the Special Coordination Funds for
Promoting Science and Technology, and was
designed to support researchers’ creative R&D
activities. Both che basic and dertailed design of the
program were carried our in FY'1992.

Further, JICST has been working on a full-text
database development program to implement a
practical full-text Japanese language database.

3.4.3.5.2.6 Basic infrastructure for dissemi-
nating research information

In consideration of the increasing necessity for a
basic infrastructure for the dissemination of research
information, supercomputers and an local area
network (LAN) were installed in the research
institutions of the various government Ministries
and agencies using the FY1993 supplementary
budger. In the fucture, there are plans to further
consolidate the research information infrastructure,
through such measures as upgrading the nerwork
connecting these research institutions. On the basis of
the situations in foreign countries and cthe needs of
researchers and research institutions, che concerned
ministries and agencies will cooperate together to
investigate the matters further.

3.4.3.6 Science and Technology Promotion
at Regional Level

The Cabinet in its Fourth Nationwide
Comprehensive Development Plan, approved in
June 1987, and the Gemeral Guidelines for
Science and Technology Policy, approved in April
1992, identified che strengthening of regional R&D
capability as a strategic 1ssue.

Given this, more and more of Japan's regional
areas have been atcempting to improve their R&D
capabilities over the last few years.

Japan's regional areas held councils and meerings
deliberating measures for development of science and
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: Name of science and 5
Prefaciure/city technology Council Established Chairman Composition
: Hokkaido Science and sl ; e 30 experts from industries,
Hokkaido Technokogy Counci September 1952 Taolchira Kotke, Dohto University sl dad e rcran
Kyoto Science and Technology Takeo Saegusa, Kyoto University | 15 scholars
Kyot : g ber 1961 ,
e Council SRR Professor Emeritus
pehi Ishikawa Technology Takeshi Yasui, Kanazawa 20 experts from industries,
Promotion Council August 1982 University Engineering Professor | universities and government
T ] W 20 experts from prefectural
Toyama Science and Tomamichi Yanagida, University | : el
T 1 ;
kol Technology Council el Lt of Tokyo Professor Emeritus ;::ﬁ:ﬁﬂf”wmms i
H Hyogo Science and July 1986 Mobuaki Kumapai, Osaka 21 experts from industries,
Technology Council University Professor Emeritus universities and government
Osaka Science and Technobogy i T experts from industries,
Osaka Deliberations Committes December 1986 universities and government
Shinroku Saito, Tokyo Institute
Kanagawa Science and 15 experts from industnes,
Kanagawa Technobogy Council Juns: 1380 :;:ﬁ:;ﬂlm Professt universities and government
iy Yoshihira Tanaka, Tokyo ! 4
; Yamaguchi Science and : 12 experts from industries,
meaguch 1991 | Technol
1a . Technalogy Council it i F"l :;:;“;Em’:ﬁ:;m universities and government
Ya shi Yamanashi Science and Satoshi Ormura, Kitazato 15 experts from industries,
. Technobogy Council September 1991 Research Cenfer Head universities and government
Hirgshima Science and : : ; ; ; 3
- ; Norivasu Yoshida, Hiroshima 17 experts fram industnes,
Hiroshima Tcal:hln:::g: Promotion o University Assistant Dean universities and government

technology and formulated general principles and
guidelines for science and technology policy and
have begun actively developing science and
technology (Table 3-4-15 and 3-4-16).

Hicherto, R&D 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
insrituces.
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New measures for development of science and
technology ar the local government level have been
appearing. These include the determination of a
the region and the
establishment of a public corporation as a core

sCience city concept in

organization for promoting comprehensively
scientific and rechnological development.

Here, we will various measures taken by the
central science and

technology in the regions (Table 3-4-17).

government to develop
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Table 3-4-16 Enactments of science and technology promotion policies by regional public

organizations

Prefecture Seienca and technology promation poficy Date of enactment
Osaka Dsaka Research and Development Charter March 1988
Shizuoka Basic Direction of Science and Technology Promotion Policies in Shizuoka Prefecturs January 1990
Saitama Saitama Technology Policy for the 21st Century February 1950
Kanagawa General Guideling for Kanagawa Science and Technology Sixth Plan May 1920
Hyogo General Guideling for Hyogo Science and Technology Sixth Plan March 1991
Hokkaido Basic Direction of Science and Technology Promalion Policies in Hokkaido April 1931
Toyama General Guideline for Tovama Science and Technodogy October 1991
Yamanashi ‘Yamanashi Science and Techaology Sixth Plan March 1992

3.4.3.6.1 Measures for Interaction Within and
Outside Regional Areas

3.4.3.6.1.1 Adviser Meeting on Local Science
and Technology Policy and Forum on Local
Science and Technology Policy

To better promote regional and national science
and technology through the science and technology
policy, the Council for Science and Technology, in
cooperation with the science and rtechnology
committees set up in each prefecture, began Adviser
Meetings on the Science and Technology Policy in
FY1991 between the members of the Council's
Commirttee on Policy Matters and the chairmen of
prefectural science and technology commirtees to
exchange opinions on science and technology policy.
Also, to discuss questions of regional science and
technology policy and include not only experts
directly involved in formulating regional seience and
technology policy, but also experts related in some
way to such policy, and researchers chemselves, The
Forum on Local Science and Technology Policy was
started in FY' 1992,

3.4.3.6.1.2 Regional Science and Technology
Promotion Conference
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As a part of the measures to promote science and
technology in regional areas, the Science and
Technology Agency has divided che entire country
into eight separate blocks and has held Regional
Science and Technology Promotion Conferences for
each block. The conferences seek to encourage an
environment for closer cooperation among science
and technology organizations, the industrial
community and the academic community and to
contribute to stabilizing, the science and technology
promotion infrastructure in regional areas. Ar these
conferences, represencatives from the various sectors,
especially those related to science and technology,
come together and look at differences in national and
regional opinions concerning science and rechnology
and the issues surrounding the promotion of science
and technology in that region.

3.4.3.6.1.3 Japan Association for the
Advancement of Research Cooperation
(JAREC)

The Japan Association for The Advancement of
Research Cooperation was established in June 1992
with funds provided by the prefectures to engage in
various activities that contribute to promoting
regional science and technology. An office is located in
the Tsukuba Science Ciry. This association conducts
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Table 3-4-17 Regional science and technology promotion measures

Ministry or Agency,
relaicd organizations

liem

Ouitline of measures

Lifestyle and regional movement

Outstamding reseanchers from inside and outside the region
representing regional research organizations related to industry,

Science and Technol
i s research (Special Coordination Funds universities and government are gathered and research for the
¥ for Promoting Science and Technology) | improvement of the quality of life and research for the activation of
regions are conducted.
e ot Promaotion of information distribution and new technolegy corpomations
Technol Regional research exchange promotion centering on the new technology coordinator for regional research
hmﬂ:‘:};]"““ project (Regional high-tech network) information nﬁtwu!'k:i in order 1o advance regional research and
development functions.
Instituie of Physical and F it nasaed i rional Joint research is conducted with the cities and prefectures on new

Chemical Reseanch

development

technology issues with activitics centering around regional research
organizations.,

Joint research is conducied with the cities and prefectures on

Japan Marine Science and | Regional joint research and development P -
s - R technology issues that musi be overcome in order 1o promote the
Technology Center projects : 3 :
comprehensive use of regional ocean lemiory.
Environmental Agency, Research Funds for the NMational Public facility joint research is conducted with national esting and
Planning and Organization for Pollution Prevention research organizations concerming research issues matched o specific

Coordination Burea

{Research to meet regional nesds)

regionil needs.

Regional biotechnology research and
development promation

Public facility testing joint research with regional agncultural westing
sites of the Ministry of Agniculiure, Forestry and Fisheries in high-tech
areas of nesearch and development.

In terms of important research isswes stemming from the demands of
agriculiural testing sites, in addition to public facility testing joint

Ministry of Agriculiine, research conducted with the national research facilities of the Ministry
Forestry and Fisheries, Joint research with prefectural of Agriculiure, Forestry and Fisheries, the nation's reseancheérs enter
Agriculture, Forestry agriculiural estung sites the local areas directly and, through close links with public facilities
and Fisheries festing, conduct technological development necessary for secunng the
Research large-scale high-productivity agriculiural indusiry needed to meet the
Council Secretarial actual regional conditions.
Joint research system for public amd In terms of special esearch issues that need (0 be immediately
private exchange (regional technology resolved, regional agniculiural testing sites and local public facilities
joint research) testing are linked and reseanch is conducted.
Ministry of Intemational
Trade and Industry, Important regional technology research | Joint research is conducied on imponant iechnology issues thal mest
Agency of Industrial and development sysiem specific regional needs.
Science and Technology
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various research support activities and research
exchange promotion activities nacionally when
regional areas begin research in advanced or basic
research areas,

3.4.3.6.2 National Research System for
Research and Development in Regional Areas

The relevant ministries and agencies have set up
a variety of research systems in order to conduct
R&D in regional areas. The following section
introduces some of the main examples.

3.4.3.6.2.1 Science and Technology Agency

The Science and Technology Agency, using Special
Coordination Funds for Promoting Science and
Technology from FY 1990, has initiated a regional
research program. The program assembles at r::Hiu!'ull
research organizations, top researchers from within
and outside the region and employs the special
characteristics of the region to conduct basic and
leading research which contributes to improving
Japan's level of science and technology. Since
FY1992, contributing to the improvement of the
living standards of local people has been added as a
theme. This program is being expanded under the
title of Joint Research Utilizing Scientific and
Technological Potential in Region.

This research rakes place under a central regional
organizer who guides research efforts. Researchers
from national research inscicures, universicies, local
research  institutes and  private
companies are brought strongly
encourage research.

The Japan Marine Science and Technology Center
(JAMSTEC) has implemented a joint research and
development program since 1988, Lt involves joint

sovernment

together o

research with prefectures to advance marine science
and technology, ro disseminate knowledge on these
and to promote the usage of sea areas in regions.

3.4.3.6.2.2 Environment Agency

Since FY1993, the Environmental Agency has
been performing environmental research closely
related to local regions as joint research together
with national research institutes and public research
institutes into issues which are of strong concern to
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regions and which should be examined as a resulr of
the characteristics of the regional environment.

3.4.3.6.2.3 Ministry of Agriculture, Forestry
and Fisheries

Since FY 1984, the Ministry of Agriculoure,
Forestry and Fisheries has been carrying out joint
research with the Miniscry's research institures and
public research institures into important research
issues on the basis of requests made by public
agriculrural research organizations. In addition, since
FY 1986 the Ministry’s regional agricultural research
institutes and public research institutes have been
promoting regional biotechnology R&D in che form
of joint R&D activities in the field of biorechnology.

The Ministry has  implemented regional,
concentrated, cooperarive, technology research since
FY1992. This effort brings together regional
agricultural testing plants, local government research
institutes and private companies to cover research
themes related to regional research needs.

3.4.3.6.2.4 Ministry of International Trade and
Industry (MITI)

Since FY1982, the Ministry of International
Trade and Industry has implemented the Priority
Regional Technology Research and Development
System. In this program, the Agency of Induscrial
Science and Technology's (AIST) regional testing
laboratories, loral government research instirures and
private companies join togecher to conduct research
and development on priority research and
development themes which meet regional needs or
take advantage of regional research and development
potential.

3.4.3.6.3. Support for Concentrating
Research and Development Functions

In the past, policies for industrial promotion in
regional areas have focused on artracting or
relocation of plants. The importance of attraccing
advanced  industrial
technologies is being recognized now as a more
effective approach. It is now felc that comprehensive
development, in which organizations to support
research are provided and living and recreational

research  Facilities and
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environments are improved, is also necessary.

3.4.3.6.3.1 Technopolis Development Plans

Technopolis development plans are based on the
Promotion Act for Accelerating the Development of
High-Tech Industry Integrated Region (Technopolis
Act). They seck to promote the concentration of
advanced rechnology industry in regional areas and
the creation of urban areas which assemble industry,
academia, and living facilities around an advanced
technology. These plans are a new type of regional
development proposed by the local area and ailored to
regional particularities.

3.4.3.6.3.2 Key Facilities’ Siting Law-Law to
Promote the Group-Siting of Designated
Types of Business Contributing to More
Sophisticated Local Industrial Structures

With the increasing shift to sofrware and service in
economic aceivities, the Key Facilities” Siting
Location Law has two purposes. It is intended to
attract to regions special operations, defined as
narural science research instirutes, software induscry,
information service indusecry, and other non-
manufacturing departments as well as to promote
the regional discribution of plants.

3.4.3.6.3.3 Multi-Polar Act-Act on the
Promotion of Multi-Polar Pattern National
Land Formation

The development of regional research bases in line
with the Multiple-Polar Acr is designed to develop
and establish wide-ranging regional promotion bases
in a comprehensive and strategic manner by
concentrating industrial, cultural, scientific, research
and exchange functions which are distince to the
region and to strongly support regional development
led by regional forces.

3.4.3.6.3.4 Private Sector Resources Utili-
zation Law-Temporary Law for Promoting the
Strengthening of Specific Facilities by
Utilizing Private Sector Business Capabilities

The Private Sector Resources Urilization Law was
passed in May 1986. It is designed to promote
utilization of the capabilities of the private sector in

providing facilities which strengthen the economic
and social infrastructure. The facilicies related to
research and development are grouped in four
categories: research core facilities which are dedicared
to research and development and commercialization of
industrial rechnologies; telecommunications research
park facilities which are designed for research and
development of telecommunicarions technologies;
agriculcure, forestries and fisheries research and
development and commercializacion infrascruccure
facilities; and the coastal regions revitalizacion
facilicies.

3.4.3.6.4 Consolidation of Information and
Communications Infrastructure

3.4.3.6.4.1 Activities for Promotion of
Regional Research Exchange-Regional High-
Tech Network

The Science and Technology Agency started a
research information nerwork in regional areas in
FY1988. Based on this, the Agency has striven
projects to promote research exchange, information
exchange within the region and between regional
areas and the Tsukuba Science Cicy and to encourage
the development of new technologies. Also, these
various regional research informarion necworks are
connected with the Tsukuba Science City Tsukuba
Network, thus coneributing to interaction berween
regional areas and Tsukuba.

3.4.3.6.4.2 Other National Information Net-
works

The Japan Information Center of Science and
Technology (JICST) has creared a comprehensive
database of documents on science and rtechnology
and provides this on-line through the JICST
nerwork. Branch offices are located in 10 locations
nationwide and are used by regional researchers.

National and Internacional Nerworks of Science
Information centered on the National Center for
Science Information are connecting national, public
and privare universities nationwide is being developed.

Since August 1993, an information retrrieval
service and other services have been made open to
the public for use by researchers outside universities
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and other people.

The on-line Patent On-Line Information System
provided by rthe Japan Parent
Organization started service in 1978, In addition,
the Japan Technomart Foundation which distributes
technical information has branch offices in 10

Information

regions.,

3.4.3.6.5 Consolidation of R&D bases
The fourth
Development Plan calls for the consolidation of
Tsukuba and the hilly area of Kyoto, Osaka and Nara
as 2 base Ffor culrural, academic and research
activities. It also calls for a research institute city to be
established in the regions making use of the
characteristics of each region, and for the creation of a
nerwork to link these to R&D and other activities.

Mationwide  Comprehensive

3.4.3.6.5.1 Tsukuba Science City

Tsukuba Science City has been created as a base to
provide a high level of research and education in
addition to contributing to the well-balanced
development of the entire Tokyo metropolitan area. It
1s being constructed as part of the national policy to
respond to the needs of the age as regards science,
academic research and advanced education.

In this city, currently, 47 national research
instirutes, educational organizations and the like
have been established and are operating. Private
research organizations are also moving into the cicy.

The city is developing in this manner, and is
promoting the establishment of facilities from both
within Japan and overseas which are fostering its
development as an R&D base.

3.4.3.6.5.2 Kansai Science City (Kyoto, Osaka
and Nara Prefectures)

Kansai Science City seeks to take advantage of the
abundant culture, science, and research culrivared by
the Kinki area over many years as the foundation of a
new base for internacional, interdisciplinary, and
interactive culrure, science, and research. It is being
developed based on the Kansai Science City
Construction Promaotion Law.
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3.4.3.7 “Cooperative Technology Develop-
ment” and “Technology Transfer
Facilitation™

The Research Development Corporation of Japan
{(JRDC) surveys and compiles experimental research
results at universities, national research instituces
and other research organizations to pick out
“Cooperative
Technology Development” System contacts wich
companies to develop those resules which otherwise
would be difficult to be commercialized. In this way
JRDC acrively 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

promising results, and under

promotes their ctransfer to companies through
“Technology Transfer Facilitation” activity. JRDC
promotes technology transfer o foreign countries by
publishing an English-language magazine intro-
ducing new rechnologies possible for licensing
overseas.

By the end of FY1992, 277 “"Cooperative
Development of Industrial Technology” projects
were successful and 489 experimental research results
were transferred to 784 companies.

3.4.3.8 Promotion of Research in the
Private Sector

3.4.3.8.1 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 privare-sector
research expenditures.

Tax benefits within the national taxation system
include The Tax Deduction on Experimental and
Research Expense Increments, instituted in
EY 1976, This program has been a major facror in
encouraging the expansion of private-sector research
activities based on independent and innovative
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effores. This allows corporations to deduct from their
tax assessment 20% of the incremental increase over
their previous highest expenditure for research.

Another preferential tax measure, adopted in
FY 1985, is The Tax Program for Promoting R&D
of Basic Technologies which exempts businesses
from 7% of the acquisition cost of 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 1he Tax Deduction for Strengthening the
Technological Foundation of Small - and
Medium-scale Enterprises. This program, which
may be selecred as an alternative to The Tax
Deduction on Experimental and Research
Expense Imcrements, allows small-and medium-
sized enterprises to deduct from their assessment a
maximum of 6% of their overall research
expenditures every rax year.

Similar preferential tax provisions to The Tax
Frogram for Promoting R&D of Basic
Technologies and The Tax Deduction for
Strengthening the Technological Foundation of
Small- and Medium-scale Enterprises were
adopted as special measures in local raxation
structures and provide for reductions in the standard
taxation determined by the corporate residential rax
rate. See also Table 3-4-18 for a summary of the
main tax provisions for promoting science and
technology.

3.4.3.8.2 Promotion through funding and
loans

A variety of organizations have provided assistance
in the forms of funding and loans in order to
promote R&D activities in the privare sector. The
following section introduces some of the main
examples.

3.4.3.8.2.1 Japan Key Technology Center
Japan Key Technology Center was established in
October 1985 with che
experimental
concerning fundamental technology in the mining,

aim of promoting

research  in  the private sector
engineering, telecommunications and broadcasting

industries. Using funds from the Industry

Investment Special Account, the Japan Development
Bank and private sources, the Center provides
conditional interesc-free loans and funds, and
encourages joint research acrivities. In FY1993,
funds from the Industry Investment Special Account
totaled 26,000 million yen.

3.4.3.8.2.2 Bio-oriented Technology Research
Advancement Institution

This insticucion was established in Ocrober 1986
with the aim of promoting experimental research in
the private sector concerning designared industrial
technology of biological systems. Using funds from
the Industry Investment Special Account and private
sources, the insticution provides conditional interest-
free loans and funds, and encourages joint research
activities. In FY1993, funds from the Industry
Investment Special Account totaled 3,300
million yen.

3.4.3.8.2.3 Drug Fund for Adverse Reaction
Release and Research Promotion

This Found started operating in Ocrober 1987
with the aim of promoting experimental research in
the private sector concerning medical produces
technology and similar matters. Using funds from
the Industry Investment Special Account and privace
sources, the Found provides conditional interest-free
loans and funds, and encourages joint research
acavities. In FY1993, funds from the Industry
Investment Special Account roraled 2,300
million yen.
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(Table 3-4-18)
o ot Desciptin Aoptaie o[ Do ot
[National taxes)
1. As an alternative 1o taking the Deductions on Special Taxation
Expenmental and Rescarch Expense Increments, small Measures Law,
and medium-scale crierprises paying corporate income Article 10, ltem 3 | Enacted in FY
taxes may choose (o take atax deduction of 6% of their (personal income 1985, effective
Tax Program for research expenditures with an upper limit of 15% of tax) Article 424, | through FY 1994
Strengthening the thetir iy assessment. In addition, they may wmeat 20% of | liems 3.6
Technological Promation of investments in approved experimental research {corporate income
Foundation of technological companics as a research expendinure. 1ax
Small and development
Medium-scale 2. ldentical provisions apply (o individuals
Entemprises
[Lascal taxes|
3, Small and medinm-scale enterprises opting for the Local Taxation
6% deduction above may dedwct this amount from e Law, Enacted in FY
standard taxation determined by the corporate Supplementary 1985, effective
residential tax rate, with anupper limit of 15% of the Provisions, Article | through FY 1994
standard taxation. 8, Iem 2
[Matonal Taxes]
I For experimental nesearch expenses relasted w joint
resgarch with national testing and research
orgamizations and for experimental research expenses
related 1o technology involving technology for the
rationalization of energy use and specific substance
use, the following todnls ane recogmized a5 (ax
deductions. {However, thas 18 limited (0 corporate nxes
of 10%, or 15% if (2) applies).
{1} 6% of the relevant amount for special expenmental
research expenses for the applicable fiscal vear.
(2} 7% of the acquired amount in cases whene there is
scquisition of capital for basic technology research and Special Taxation
Tax Deduction on development. Measures Law,
Special Promodion of {3) 2060 of the least relevant amownt if either the Article 10, ltlem 4 | Enacted in FY
Experimemal and | technological armount for (a) of (b} below are added. (personal income | 1993, effective
Research development () Amount of 1esting research expenscs for the tax), Article 42, through FY 1994
Expenses applicable fiscal year - Amount of comparative ltem 4,5.6
cxpenmental research expenses, (corporate income
(b} { Amount of testing research expenses for the tax)

applicable fiscal year = amount of special iesting
resennch expenses for the applicable fiscal year) -
{amount of comparative testing research expenses —
amount of special testing research expenses for the
business year in which the amount of comparative
testing research expenses hus been paid)
In cases where there is investment in special testing
research companies, it is possible to add 20% of the
refevant amount for investment 1o the amount of testing
research expenses for the applicable fiscal year in (3)
{a) and (b) above.

2. Identical provisions apply 1o individoals
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(Table 3-4-18)
- . Drate of enactment |
liem Purpose Descripiion Apphcable low walidity
|, Corporations recciving income from overseas
p Promotion of transactions related o technology ransfer are exempt
S_wtml diverse types of from & portion of this income (not to exceed 0% of Special Taxation
Exemption of : . i : :
OVETSENS spp]luuhlt s year's income) as a debit against tanahle Measures Law,
:::::th.d wilh Iransactions and income. Specifically, they ane exempt from: Article 21 Enacted in FY
e the promotion of - | % 8% of income from the supply or transferof (personal income | 1964, effective
T technology industrial propeny rights (excluding trademark rights) 1ax) .-\.mclel 58, through FY 1993
transfers and and know-how, {Ccorporate income
Helated i : : iy
Technology domestic # 16% of income from consulting activities, 1ax)
Transfers it of
development 2. Identical provisions apply to individuals
Exemption of Donations and
Contributions
|. Corporations
E?eroratlumllnay enler lh: amuunl .ut'ﬂu:lr dnnal..w.!'i.-:. Corpornis Takition
as a separate item of debits-against-income and distinct Litw. Artictedi
from general donations. The upper limit is the same as 1L¢I11I3 3
1. Donations o that for general donations. Enacted in
specified public- Promation of FY 1961
SErVIGe Fln:-llbiﬂ'il:m l:du:.ul:bﬁﬂ, M,.'i:nl,::
COFPOralions, See and ||;'.u,'I|.||-|:||1_:|!;l'9.I 3 Individuals -
; Tax exemplion
note The income 1ax exemption corresponding to each :
: - : mecthod enacted in
donation 1o & specified public benefit comporation is Personal Income By 1962 and
calculmed as the amount of the donation kess 10,000 Taxauon Law, TR
ven. The total amount of donations used in these Article 78, Item 1.2 byt 1
calculations may not exceed 25% of income.
Corporations and individuals can apply exemptions for
donations 1o approved public-service tusts by
including the amounts of these donations in the totals
for donations to specified public-service promotion Corporate Taxation
corporations. Corposations should then calculate debits | Law, Amicle 37, Enacted in
2. Contribations to | Promotion of agains income, while individuals caleulate income 1ax | lem § FY 1987
specificd public- education, science exemplion. Fersonal Income
SETVICE rusis and technology MNote: Taxation Law,
Approved public-service promaotion corparations Article 78, ftem 1,3
include corporations whose main purpose is research in
science amnd 1echnology., and cenain public-service
trusts whose purpose is to aid research in science and
technology.
Corporations may deduct the entire amownt of Corporate Taxation
: Pt donations allocated for urgently needed education or Law, Anicle 37, Enacted in
3. Specific FrAT RS science promotion expenditures in debits against Item 3, FY 1960
donations e ekclog income. Individuals may treat these donations o Personal Inconse
specified public-service promation corpormions as Taxation Law,
wdescnibed above Article 78, Ttem 1.2
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(Table 3-4-18)

Diate of enactment

Inenmy Purpose Description Applicable law validity
Measure for Special Taxation
Exceptional M % Law,
=P Members of the Mining and Manufacturing '.'..f].‘i-'l.ll’ﬁ ol :
- > Technological, Research Association may apply special i I L
Fixed Assci : ug ' . : Fil !'_ pes {personal income | 1961, effective
el depreciglion to payments levied by the Association to g
Acquisitions for . : : iax), Article 52 through FY 1992
e Promation of acquire fixed assets for experimental research. A
- k 1 1
technological i
Research by the R&D income tax)
Mining and
Industrial The Mining and Industrial Technology Research ’ \
; Special Taxamtion 4 .
Technology Cooperatives may enter the value of fixed assets Enacied in FY
- : Megsures Law, :
Hesearch acquired for expernimental research by levy on members 1961, effective
: . Article 66- 10
Cooperatives in its account books s 1 ven through FY 1992
Fixed asset lax
enacied in
E - BSix Assels provided 1o corporations established under Civil Local Taxation FY 1951, real estate
R ¥ ::::“ Promaotion of Law Arficle 34 for the purpose of scientific research Law, Articke T3-4, | acquisition tax. in
of Scientifi science and are exemy from the real estate sequisition fax, fixed Item 1, FY 1954, urban
m“; : technology assels tax, special lund holding tax and urban planning Article 348, planning tax, in
; % on invesiments wsed direcily for- that reseanch. Article 586, FY 1956, special
SRpralice Article 702-2 land holding tax in
FY 1973
Fixed Asset Tax
Reduoction
Measure for The standard of assessment for the machinery and Enacied In FY
Muchines and equipment fixed assets approved under the regulations Local Taxation 1962 from
Equipment for Promotion of of the Mining and Industrial Technology Rescarch Law, E".‘t'i‘:;'ﬂl.a licable
Besearch technological Cooperatives Law, Article 14 and additionally scquired | Supplementary P ﬁr-:ﬁ“"ﬂ
Acquired by the development berween April 1, 1991 and March 31, 1993 is valoed at | Provisions, Amticle R
Mining and five-sixth of the siandand value for period of three 15, liem 26 G dhent
Indusirizl years from the year in which 1ax was first levied on the -
Technology asset,
Research
Cooperatives

3.4.3.8.2.4 Other financial provisions

There are also a number of financial provisions
designed to help raise the nation's level of
technological development through the provision of
low-interest loans. These include the Financing for
and Promotion of Technology
administered by the Japan Development Bank's
Domesric Technology Promotion Funding System.

Development

The Technology
FY1992.

Business

scale enterprises.
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Promotion Funding System
provided loans totaling 149,800 million yen during

Further, Japan Finance Corporation for Small
has escablished the
Development of New Industries and Technology to
stimulate new technology development and furcher
technological advancement at small- and medium-

Loan for the
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3.4.4 International Exchange of
Science and Technology

3.4.4.1 Bilateral Cooperation

3.4.41.1 Cooperation with Industrialized
Nations

Cooperation  berween  Japan  and
induscrialized nations is conducted mainly on the
basis of bilateral agreements. Cooperative goals

other

include solutions to problems common to che
nations related to nacural resources development,
energy energy, space
development, ocean development, biotechnology and

development, nuclear
environmental protection.

Japan and the United States have been
cooperating in this area since the Japan-U.S. Science
and Technology Cooperation
concluded in June 1988,

So far, an active exchange of opinions has taken

Apreement  was

place on a variery of levels, including three meetings
of the Joint High-Level Committee chaired at the
ministerial level, four meetings of che Joinc
Working-Level Committee that laid the groundwork
for 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 Forces mer to investigate issues of the
participation of researchers in R&D and access to
scientific and technological information of each
CoUntry.

In May 1993, the Joint High-Level Committee
was convened in the United Scates, che firse since the
inauguration of the Clinton Adminiscracion. The
Clinton Administration had declared the importance
of securing American induscrial competitiveness in
the fields of science and technology. The Committee
vigorously examined a wide variety of issues,
including the science and technology policies of both
countrigs, cooperative aceivities berween che two
countries, and global environmental issues. Both
sides were agreed on recognizing the importance of
fully securing mucual trust between member nations
when advancing international cooperation in large-
scale projects such as space stations. In terms of
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extending this agreement which was to remain in
effect until June 1993, the two countries were
satisfied that the agreement acted as a framework
contributing to the advancement of rechnological
cooperation, and the agreement was extended for a
further five years.

In 1993, 60 U.S. graduare students joined Japan's
public research  institutes  for
approximately 2 monchs from June to August. This
program, the 4th Summer Institute was carried out by
Task Force on access to R&D (TFA) which has
established under the framework of the Japan-U.S.
on Cooperation in Research and
Development in Science and Technology and

and private

Agreement

sponsored by Nartional Science Foundation (NSF)
and the Center for Global Partnership of the Japan
Foundation.

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-TI.5.
development of space have been carried out based on
the arrangement concerning cooperation in research
and development of space which was concluded in
July 1969, or under the supervision of the Standing
Senior Liaison Group (S5LG) which was established in
July 1979 based on the mutual agreement between
the Space Acrivities Commission and che Narional

cooperation in  research and

Acronautics and Space Administration (NASA).

Further, cooperation in the area of science and
technology is being encouraged in a wider range
through the Japan-U.S. Conference on Development
and Utilization of Matural Resources (UJNR),
Japan-U.S. Cooperation Agreement on Nuclear
Energy and Japan-U.S. Commictee on Scientific
Cooperation, etc.

At the Japan-United States summit of April
1993, instead of the Japan-United Srares Strucrural
Impediments Initiative, a new framework, the Japan-
United States Framework for new Economic
Partnership, was established to discuss such issues as
active mutual cooperation with the new structural
problems, economic problems in various fields, and
technological and environmental mateers.

In June 1991, the new Japan-France Science and

Science and Technology Agency
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Technology Cooperation Agreement, a revision of the
old agreement concluded in 1974, was concluded in
order to advance further scientific and technological
cooperation berween both countries. The agreement
was revised because of recent progress in science and
technology made in borh countries. Under the new
agreement, three types of meetings will be held: a
meeting of high-level representatives at the cabinet
level, a joint working committee of concerned
experts and a joint committee of business people
working in the field. At the first Joint Commirtee,
convened in June 1993, participants reached
agreement on Various cooperative issues contained in
the agreement, and exchanged opinions about such
matters as the science and rechnology policies of the
fwo countries.

Concerning the Cooperation with Canada, the
Japan-Canada Science and Technology consultation
began in 1972. This was superseded by the Japan-
Canada

Agreement  to

Science and Technology Cooperation

further strengthen  bilateral
cooperation in science and technology, which was
signed in May 1986.

In July 1989, the Report on Japan-Canada
Complementary Study was completed by experts of
both countries to explore the priorities for future
scientific and technological cooperation. Based on
this study, cooperative activities have been promored
through bilateral workshop program in which
researchers from both countries can discuss and
exchange views on specific research theme.

Furcher, the "Japan-Canada Forum 2000" report,
initiated by an agreement reached at the Japan-
Canada summit in May 1991, was published in
December 1992, advocating

technological cooperation  with environmental

scientific  and

problems in the North Pacific region.

Japan and Germany cooperate in the areas of
nuclear energy, life sciences, ocean science and
technology, ec. based on the Japan-Germany Science
and Technology Cooperation Agreement concluded
in Ocrober 1974 berween 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 integrared
Germany. Progress in cooperation with integrated

Germany is expected in the future,

Japan has concluded science and rechnology
cooperation agreements with Italy and cooperative
activities in a variery of fields are underway based on
these agreements. Cooperation with other countries 15
also 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
Morway.

The Japan-EC Ministerial Meeting and the Japan-
EC High Level Consultation have also been raking
up issues for science and rechnology cooperation.
Japan suggested and is currently preparing for the
Japan-EC Meetings on Science and Technology
Cooperation with the purpose of promorting
cooperation on science and technology berween the
EWo parties.

3.4.41.2 Cooperation with Asian and
Pacific Rim countries

Based on the Japan-Republic of Korea Science and
Technology Cooperation Agreement concluded in
December 1985, Japan is cooperating with South
Korea in such fields as ocean science, resources and
energy, and the preservation of health and the
environment.

Japan is also cooperating with China based on the
Japan-China Science and Technology Cooperacion
Agreement concluded in May 1980 in carrying out
information exchanges, exchanges of specialises and
joint research with the aim of promoting cooperation
in the fields of science and technology. The two
countries have established a Japan-China Science and
Technology Cooperation Committee to furcher
advance cooperation.

In addition, Japan is cooperating with Australia,
Indonesia, India and Brazil in various fields on the
basis of science and technology cooperation
agreements. Also, Japan is cooperating with the
nations of Asia and the Pacific Rim, boch in
multilateral and bilateral forms of cooperation, under
the terms of the Association for Science Cooperation in
Asia (ASCA).
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3.4.4.1.3 Cooperation with the FSU, Central
and Eastern European Countries

Cooperation with the Former Sovier Union (FSU)
has been promoted based on the Japan-U.5.5.R.
Agreement on Coeoperation in  Science and
Technology, concluded in October 1973, Under this
agreement, seven joint commictees have been formed
and the first joint committees with Russia was held in
February 1993. Cooperation has been promoted in
the form of exchange of information and researchers,
holding seminars, erc. in the fields of nuclear fusion,
agriculture, etc.

In addition to the above, investigator exchanges
have increased under the Japan-U.S.5.R. Researcher
Exchange Arrangement.

Although the US.5.R. collapsed at the end of
1991, the Japan-11.5.5.R. Agreement on Cooperacion
in Science and Technology, etc. is effective with
Russia since it has raken over the same authority.

At the first meeting of the Japan-Russia Science
and Technology Cooperation Committee held in
February 1993, agreement was reached to continue
and expand cooperation in the fields agreed upon at
the previous 7th Japan-US.S.R. Science and
Technology Cooperation Commiteee. Also, the rwo
countries agreed to start cooperation in the three
fields of new high energy physics and accelerator
science, communications technology, and energy R&D.

Japan has been cooperating with the Central and
East European countries through exchange of
researchers, etc. according to science and technology
cooperation agreements with Poland and Yugoslavia
technology  cooperation

Romania, Bulgaria,
Czechoslovakia and Hungary (former Yugoslavia has
collapsed as a nation, and cooperation with former
Yugoslavia has ceased except with Croatia and
Slovenia).

and  science  and
arrangements wich

The former state of Czechoslovakia has separated
into The Czech Republic and The Slovak Republic,
and discussions are now in progress abour reaching
agreements.
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3.4.4.2 Multilateral Cooperation

3.4.4.2.1 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 firse
raised the subject ac che 8ch Summir ac Versailles in
June 1982.

In 1989, the Arch Summit initiated cooperation
in global environmental problems which have
become of increasing concern in recent years. Further
efforts were required in expanding global observation
and monitoring activities, performing scientific
surveys about the global weather conditions, and
developing and disseminarting energy and
environmental technology.

In July 1992, ac the Munich Summit, various
countries requested that the seven advanced nations of
the world take action about global environmental
problems. In terms of the issue of scientists and
engineers leaking intelligence out of the former
U.SS.R., it was confirmed that an International
Science and Technology Center would be established
to support the employment of scientists and
engineers who had been involved in the production of
weapons of mass destruction in work for peaceful
objectives.

At the Tokyo Summit in July 1993, the necessity of
countries cooperating to support nuclear non-
proliferation and increase the safery of nuclear power
stations in the former U.5.5.R. was reconfirmed.
Also, it was declared that among the policies of the
seven advanced nations, global environmental
problems would continue to be given highest prioricy.

3.4.4.2.2 Cooperation with the United Nations
United Nations committees and organizations are
addressing important issues related to natural
resources, energy, tood, climate, environment and
natural disasters, since these problems require
solutions derived from a global perspective.
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They are making an effort to contribute to a long-
term solution of the Norch-South problem by
strengthening che science and technology capabilities
of developing nations as these nations suffer the most
from the above-mentioned problems.

The United Nations Conference on Environment
and Development (UNCED: Global Summit) was
held in Rio de Janeiro.

Participants from 140 nations actended against
the backdrop of the increasing worldwide interese in
global environment problems in recent years. The
Global Summit produced abundant resules: over 150
nations signed the “Rio Declaration on Environment
and Development” which provided the action
principles for nations and individuals in preparation
for che 21st century, "Agenda 217 and "Declaration on
Forest Principles”, which comprised concrete acrion
plans for this Rio Declaration, and the “Framework
Treaty on Climate Variations” and “Biological
Diversity Treaty”. Follow-up discussions to the
Global Summit took place at che 47ch Uniced
Mations General Assembly, and resolutions were
passed to establish a “Sustainable Development
Commirttee” and a “Government Negooating
Commirtee to Formulate a Treaty to Prevent the
Spread of Deserts”.

Based on these United Narions resolutions, the
“Sustainable Development Committee” was
established in February 1993, and held its first
meeting in June of thar year. The “Government
Negotiating Committee to Formulate a Treaty to
Prevent the Spread of Deserts” held its first meeting in
May 1993.

3.4.4.2.3 Cooperation within the Organization
for Economic Cooperation and Development

Cooperation in science and technology relared
activities within the Organization for Economic
Cooperation and Developmene (OECD) framework
has been conducted through the Commitree for

Scientific and Technological Policy (CSTP),
Committee for Informacion, Compurter and
Communications  Policy  (ICCP), Industry

Commirttee, Environment Commitree, Nuclear
Energy Agency (NEA), International Energy Agency
(IEA). Activities include exchanging opinions, useful

experiences, information and personnel, compiling
of statistical information and being involved in joint
research projects.

Recently, Policy Statement on Technology and the
Economy was appended to the communigue which
was adopted by the Council of the OECD at
Ministerial level in June 1991. It includes the resule
of the Technology and Economy program (TEP)
which was conducted with the aim to acquire a
comprehensive picture of the influence of science and
technology on the world's socioeconomic situation.

In March 1992, OECD Committee for Scientific
and Technological Policy at Ministerial level was
held with the theme “Science and Technology
Policies in the 1990s - The Interrelatedness of the
Mational and International Dimensions”. In this
meering, the following were agreed on.

1) Establish a forum so that necessary information
can be exchanged and debates conducted from
the initial stages of megascience projects (major
facilicy projects and large scale geographically
distribured programs)

2) Establish a forum to support improvement in
science and technology capabilities in Central
and East European countries, ro expand
exchanges between researchers, etc. and to
exchange information on the cooperation
situarion

3) Conduct
coordinated activities in science and technology,

follow-ups on TEP and rake

industrial trade and comperition policies

The Megascience Forum, established according to
an agreement of the Meeting of the Science and
Technology Conference, began activities from the
time of the first meeting in July of 1992, In addition
to the main meeting, activities have been promoted
through specialist meetings in the areas of
astronomy, deep earch excavation and global change
research.

3.4.4.2.4 Promotion of the Human Frontier
Science Program

The Human Frontier Science Program (HFSP) is an
international program which promotes, through
international cooperation, basic research focused on
the elucidation of the sophisticared and complex
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mechanisms of living organisms. The Japanese
government proposed the program ac the Venice
Economic Summit in June 1987, as a means for the
government to contribute to the development of
international science and rechnology in a manner
appropriate to its economic standing. The HESP 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
implementacion of the HFSP, the International
HESP Organization (HFSPO), was established in
Strasbourg, France.

The Program offers support for the following
activities.

* Research grants: Subsidies for international joint
research reams

* Long-term and short-term fellowships: Travel and
accommodation subsidies for researchers who wish
to do research in foreign countries

* Workshops: Subsidies for international workshops

The fields eligible for support fall into two basic
research areas—the elucidation of brain functions
and the elucidation of biological functions through
a molecular level approach. On the basis of
recommendations by the International Sciencific
Committee, consisting of eminent scientists, these
research areas were agreed to by rthe countries
concerned.

On January 1992, government representatives of
countries which support cthe HFSP agreed ro
continue the program on a full phase afeer April
1992,

The HFSPO reported in March 1993 that 343
researchers had been selected as the award recipients
for the foureh fiscal year.

3.4.4.2.5 Association for Science Coop-
eration in Asia (ASCA) cooperation

In November 1970, agreement was reached on the
establishment of ASCA. With the aim of exchanging
information on science and technology policies and
rescarch and development plans in Asia, shedding
light on areas of common interest, and investigating
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and strengthening policies for the promotion of
international science and technology cooperation
projects within the region, ASCA has met 12 times to
bring together the ministers in charge of science and
technology from each nation. At the 12ch meeting
held in November 1992 and the high-level meetings
held in Tokyo in March 1993, members agreed to
consider policies for cooperation in the Asia-Pacific
region and policies for the future expansion of ASCA
and irs acriviries, and ro screngrhen cooperation ar
ASCA through the exchange of information and
development of human resources. In addition to
sending a representative to each meeting, Japan has
conducted seminars focusing on areas of high interest
to the countries of ASCA. Since 1980, Japan has
been implementing ASCA science and technology
information cooperation projects that provide
information on science and technology from Japan
to the other members of ASCA.

3.4.4.26 International Science and
Technology Center (ISTC) Cooperation

In November 1992, Japan, the United States, the
European Community and the Russian Federation
signed an agreement to set up the International
Science and Technology Center (ISTC) in order to
provide an opportunicy for former-U.S.8.R. sciencists
and engineers with expertise in the area of weapons of
mass destruction to steer their ralents toward
peaceful acrivities, and to help concribute to the
resolution of domestic issues faced by the former-
U.5.5.R. as well as issues faced by the international
community. The establishment of this center is
being deferred until Russia finishes the necessary
procedures.

Japan intends to actively contribute personnel and
use its past experiences toward cooperation in future
endeavors. Japan will continue to strive to see thac
the acrivities of this center are implemented
smoothly and developed effectively.

Sweden, Canada and Switzerland have also
indicted their intentions to participate.

3.4.4.3 Promoting International Research
Exchange
For many years, Japan has been cooperating with
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other countries in a wide range of fields wichin the

framework of bilateral and multilateral sciencific and

technological cooperation agreements. However,

Japan needs to extend its internacional 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 FY'1987, the government has carried out che
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, etc. the
government started in 1991 che International
Workshops Support Program to hold internacional
workshops in which rescarchers may exchange
opinions direccly.

In FY'1993, taking a global perspective in terms of
issues that need to be addressed in the wide
geographical region of which it is part, Japan builr a
network of people and information, established a
global research network to conduct joint research
and initiated “global science and rechnology
cooperation” as the theme for the firse year.

In FY1988, to furcher promote the existing
exchange programs among researchers.

* 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 acceprance of overseas researchers at
Japanese academic institurions

* The Foreign Researcher Invirtation Program of the
Agency of Induserial Science and Technology
{AIST), which provides for the acceptance of
overseas researchers in its research institutes

» [nviting of researchers as an operation of Insticute for
Transfer of Industrial Technology

* TARC Fellowship Program of Tropical Agriculrure
Research Center, Ministry of Agriculture, Forestry

and Fisheries (TARC, reorganized into Japan

Internacional Research Center for Agriculcural

Sciences in October 1993)

In October 1989, the Research Development
Corporation of Japan (JRDC) started che 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 cheir
families,

* Constructing of facilities for international research
exchange.

® Research Cooperation Promotion Program which
send researchers from nacional research insticutes to

Asian Pacific countries to promote research

cooperation and exchange.
¢ The Research Information Program, which
scientific  and  technological
information required to increase the exchange .

disseminares

¢ International Joint Research Program, which
initiates joint research wich overseas research
OEganizarions.
In addition, other ministries and agencies have
taken measures to promote international research
cooperation.

3.4.5 Principal R&D Programs

Following paragraphs summarize important R&D
programs by government ministries and agencies.
(1) Science and Technology Agency

The Special Coordination Funds for Promoting
Science and Technology were first appropriated in
FY1981, Special
Coordination Funds for Promoting Research. In
accordance with the policy set forch by the CST, the

superseding  the previous

funds are intended rto 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
organizarions.

The funds are administered on the basis of the
following six guiding principles.
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* Promoting advanced and basic/generic research

¢ Promoting R&D requiring cooperation among
several research insticures

» Strengthening organic ties among industry, the
government and academia

* Promoting international collaborative research
projects

* Responding flexibly to urgent research needs

¢ Conducting research evaluation, as well as
investigation and analysis of research and
development

This coordination fund provides for general
research, ministerial based research, research on
lifestyles and regional trends, research on priority
areas of international exchange, international joint
research in areas of individual importance, basic
research on priority areas, surveys and analyses and
urgent research. In FY1993, this fund also began to
develop COE by providing appropriate assistance for
national testing and research organizations thac are
making self-help efforts to maintain a competitive
research environment while aiming to bring the level
of their expertise to a high international level. This
coordination fund amounted to 13.3 billion yen in
FY 1993,

Special Funds for Investigation and Research of
Earch Science and Technology was initiated in
FY1989 in order to conduct research to explain
global phenomena. The budget for this research in
FY1993 was 600 million yen.

For Japan to establish itself as a marure science
and technology-based nation, it needs to discover the
scientific and rechnological seeds that become the
starting points for the original development of
innovative new technologies.

In FY'1981, 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 people. This is accomplished by appointing
distinguished scientists as overall managers with
adminiscrative auchority over research activities
within a designated area of research in a humanistic
system which urilizes creativity. It also provides for the

procurement of researchers from industry,
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government, academia and overseas.

Currently, 22 projects are underway with budgets
totaling 6.9 billion yen in FY'1993. Each project has
a limited duration of five years and involves
approximartely 20 researchers.

The Precursory Research for Embryonic Science
and Technology (21 pioneering project) System, set up
by its parent organization, the Research
Development Corporation of Japan, in 1991, recruits
researchers from throughour Japan, selects the top
researchers with the most creacive ideas and let’s che
individuals freely conduct their research for a certain
period. In FY1993, this system provided a budger of
1.4 billion yen for research on 48 different topics in
three different regions.

The Institute of Physical and Chemical Research
(RIKEN) initiated the Frontier Research Program in
FY1986. This internationally open program brings
together researchers in many helds outside the
framework of existing research organizations. The
program aims at developing new knowledge that
will become the foundarion for technological
innovations in the next century.

Currently, there are three groups active as
internactional froncier research program and two
groups active as regional froncier research program.
The budger for FY'1993 is 2.7 billion yen.

(2} Environmental Agency

In FY'1990, the Environmental Agency set up the
Comprehensive Promotion Fund for the Promotion of
Global Environmental Research to bring rogecher
researchers from national tescing and research
organizations as well as universiries and other
organizations to promote global environmental
research. The budget for this promotion fund was
2.1 billion yen in FY 1993,

(3) Miniscry of Healch and Welfare

In FY1979, the Ministry of Health and Welfare
established the Research Grant for Health Sciences
to promote research in the areas of healch, medical
care, sanitation, etc., and had budgers of 9.5 billion
yen in FY1993.

(4)Ministry of Agriculture, Forestry and Fisheries

In 1978, the Ministry of Agriculture, Forestries
and Fisheries began to implement separate large-
scale research to combine the research and
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development strength of industry, universities and
the Government and conduct large-scale research and
development. In 1983, the Miniscry started to
conduct research and development on leading
biotechnology in order to promote research related
to agriculture, forestries and fisheries. In addition,
the Ministry is also conducting comprehensive
research and development and separate general
research. The budget for these in FY' 1993 were 1.3
billion yen, 2.2 billion yen, 900 million yen and 600
million yen (total of 5 billion yen), respectively.

(5) Ministry of International Trade and Indusery

In FY'1993, the Ministry of International Trade
and Induscry integrated che Nacional Research and
Development Program (Large-scale Project),
Research and Development Program on Basic
Technologies for Future Industries, and National
Research and Development Programs for Medical
and Welfare Appararuses to form the Industrial
Science and Technology Frontier Program. This
system conducts research and development thac
emphasizes basic, creative areas as well as public,
social and welfare areas and implements leading
research in the areas of pre-project research and basic
research. The budger for this system was 25.3 billion
yen in FY1993.

In FY'1993, che Ministry incegrated the former
new energy technology (Sunshine Plan), energy
conservation technology Moonlight Plan), and global
environmental technology research and development
struccures and established the Comprehensive
Research and Technology Program on Energy and
Environmental Technologies (New Sunshine Plan).
The budger for this plan was 52.3 billion in
FY1993.

(6) Ministry of Transport

In 1982, the Ministry of Transport began to
conduct an investigation on R&D of rransport
technology in regards to topics which need to be
carried out with emphasis and urgency and
integrated in many research areas. The budget for
this investigation in FY'1993 was 300 million yen.
(7) Ministry of Posts and Telecommunications

Since FY1988, the Ministry of Posts and
Telecommunications has been conducting Research
on the Frontier of Telecommunications. The program

consists of basic and leading R&D char incur high
financial risks and long-term commitments far
beyond the capacity of the private-sector. The budgert
for this program in FY 1993 was 800 million yen.
(8) Ministry of Construction

The Ministry of Construction has been
implementing since 1972 its Comprehensive
Technological Development Project for those issues of
urgent need which cover wide-ranging areas of
R&D. This program had budgets of 900 million yen
in FY'1993.

(9) Ministry of Labor

Since FY'1990, the Miniscry of Labor has been
conducting research and development on equipment
for expanding the occupartional realm and securing
the safery and hygiene of elderly citizens. The
budget for chis research and development was 200
million yen in FY'1993.
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Appendix

Changes in R&D expenditures, efc. in Japan
Flow of R&D expenditures in Japan (in FY1991)

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 FY 1991)

Deflators of R&D expenditures in Japan
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Appendix

2.Flow of R&D expenditures in Japan (in FY1991)

Finariad by Tolal Expenditures Financed from Financad [ 100 mdlion yen)
I:‘H'-r mhm rmount 127,201 oo 116 mmw!t:,&?ﬂ-
i
A ]\“\a
- s
= o \ s
Iewiusirg D0 E56 - | "R Govermnment 21,974
1 M—
Ill I
I' I 1
5 B0 ||
I| | 9.&?9
|I _,-" "I“III- ."
! L *‘}’r’f ;’f
| f E.?!'.:l
|
f I / / sairy f/ 2 (t6).
o Gowemrmed rmach Clastll‘lt,al.lcm | Flna.nung F‘erlnrmlnq
nsiutioes 10,112 J,rf £ gl [ ratio ralin
- ,d-ﬂ Abroad 0 | Sector |
= "—"i;j""l ,7/ / [ Industry 783 76,6
TS a ! /
b e il Goverrsment 16.4 18
Unwersities and cologes 5,201 (ocllages 14008/ “'# Fibneniios e |
Erre o J g" | colleges 42 115
Privale reseach instiutions 783 ¥ ! Private research
'.E‘L Abrsad 3 [ instiluthons 0& 4.0
Abraad B

=K = =
TS :) [
(o 7 L !
e e ABVCEE 15 I
| Tital 100.0 100.0

Privale rassanch institulions 5,081

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 assels.

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-centered 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

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

Appendix

{million yen)
Em:: Total Haﬂgs:l:::;?:ﬂ Privale sector Abroad
R&D Financing Financing Financing
expenditures Ratio amount Ratio B/ A amount Ratio G/ A amount Ratio D/ A
Fiscal ) (B) {C) 1]
Year

4 % % 5%

1970 1,195,328 100 301,413 252 893 485 747 428 0.0
M 1.345.918 100 369,025 274 975.805 725 988 0.1
12 1,566,708 100 432,068 272 1,153,560 T2.7 1,081 L1 |
73 1,980,656 100 502684 264 1,456,801 735 1321 01
74 2421 367 100 641,077 26.5 1.778.834 T35 1,456 01
75 2621827 100 720,755 il 1,899,203 724 1,719 0.1
76 2841373 100 &0, 386 272 2138 368 727 2619 01
77 3,233,543 100 &BE115 274 2,343 681 T2.5 3747 01
78 3,569,953 100 ama 502 280 2 567.300 7.9 3,061 01
9 4,063,627 100 1,113,822 274 2.845.3M 725 3,414 01
B0 4 683,768 100 1,208,557 258 3,469,557 741 4,655 0.1
81 5,363,066 100 1,340,320 250 4,017,752 T4.9 5914 0.1
a2 5,881,539 100 1,388,812 236 4,486,044 76.3 6,682 0.1
83 6,503,737 100 1,440,717 222 §.054.895 T 8125 0.1
84 1.AE511 100 1,494 546 20.8 5,674,783 ™ 7182 0.1
85 8,116,389 100 1,573,953 19.4 6,534,619 B0.5 7,826 0.1
86 8,414,993 100 1,651,660 196 5,755,682 £0.3 i 0.1
a7 9,016,186 100 1,798,270 189 7210127 £0.0 7,789 0.1
88 8,775,165 100 1.801.373 18.4 7,965,544 B1.5 B8.249 0.1
89 10,909,335 100 1,867 936 171 9,031,804 g2.8 9,595 0.1
90 12,089,593 100 1,900,147 16.5 10,089.311 B35 10,134 0.1
N 12,720,140 100 2,137 444 16.8 10,571,062 831 11,634 01
] 12,788,221 100 2,305,868 18.0 10,468,175 B1.9 13,178 0.1

Mote: Including social sciences and humanities, B/A in FY1892 is 18.4%.
Source: "Report on the Survey of Research and Development” by the Statistics
Coordination Agency.
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Appendix

10. Changes in ratio of company R&D expenditures to sales figures in Japan

(%)
Fiscal year
1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1901
Industry
All industries 1.78 147 1.89 | 2.3 257 | 259 260 | 272 2.78 281
Agriculture, forestry and fisheries 02r 026 | 024 | 024 024 | 0N 038 | 021 0.50 0.25
Mining 0.64 059 | 063 1.03 1.16 1.0 127 | 0.4 1.13 141
Construction 0.43 053 | 047 | 049 055 | 05 049 | 052 0.54 0.46
Manufacturing 2.15 2.31 234 | 269 303 | 214 315 | 329 3.36 347
Food 063 00 | 060 | 077 085 | 099 089 | 1.07 0.28 0.95
Textiles 113 080 | 1.6 | 118 | 123 | 142 1500 | 1.7 1.76 1481
Pulp and paper products 0.52 0.63 0.66 0.71 0.80 0.37 0.87 0.79 0.88 087
Printing and puldishing 0.39 043 | 061 0.68 064 | 08D 063 | 07N 0.88 0.91
Chemicals 3.05 31| 346 | 379 4.3 4.53 463 | 484 4.89 5.24
Industrial chermicals and chemical fibers 217 232 | 247 | 280 356 | 376 392 | 409 4.0 4,18
Oils and paints 266 283 | 309 | 314 342 | 385 34| 393 380 | 420
Drups and medicines 5.56 659 | 649 | T4 689 | 696 6.94 7.50 8.02 B.66
Diher chemicals 343 J40 | 376 | I8 387 | 4.00 4.1 411 406 429
Petroleum and coal products 0.20 026 | 027 | 038 D62 | 064 083 | 072 0.64 0.66
Plastic products = = 1.94 1.75 208 | 216 2 273 2.37 2.08
Rubber products 247 240 | 282 | 286 292 | 38 319 3% 320 318
Ceramics 1.64 1.82 1.86 | 2.6 287 | 282 273 | 276 2.60 200
Iran and sieel 1.50 1.60 1.52 1.94 254 | 240 213 | 22 233 284
Non-ferrous metals and products 1.57 1.49 1.64 1.92 21 1.90 20000 13 180 | 247
Fabricated metal products 143 1.3 1.46 1.59 1.61 1.50 1.48 1.36 1.60 1.60
General machinery 2.3 257 | 259 | 274 277 | 299 | 260 | 283 | 288 | 314
Electrical machinery 452 470 | 455 | 510 550 | 561 553 | 588 5 86 6.31
Electrical machinery, equipment and supplies 417 4.40 4.45 4.82 5.23 5.26 5.25 547 5.36 5,66
Communication and elecironics equiprent 4.72 485 | 460 | 525 563 | 578 566 | 610 6.12 6.63
Transgort equipment 2.69 266 | 276 | 290 a 3.22 e | 3.40 3.65 a2
Motor vehicles J.02 280 | 280 | 2% 20 | 3w an 348 31 e
Other transport equipment 1.67 1.86 220 2.61 328 345 33 293 3.20 M
Precision instruments 3ar 402 | 408 | 449 459 | 49 485 | 516 594 4.85
Other manufacturing 1.30 130 | 082 | 097 1.07 1.12 1.14 1.19 1.21 1.21
Transport. communication and public utifity 0.32 039 | 0B84 | 098 096 | 0.84 095 1.06 1.07 0.85

Motes:1. Figures are the ratio of R&D expendilures 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 19382 1983 1934 1985
Industry
All industries 184,921 240,887 217512 234,240
Manufaciuring 164,058 200,699 231,860 205,588
Food 4720 3,640 6.820 6,138
Taxtilas 6,256 2,188 3855 4,001
Chemicals 29,409 31,443 37 502 38233
Caramics 6.271 0,642 11,238 9,450
Iron and steel 29.047 40,151 32,3085 26,195
Non-ferrous metals and products 3,034 2,349 1.924 1.947
Fabricated mietal products 1.862 1,528 1,275 2,394
General machinery §.249 10717 11,386 11,714
Elecinical machinery 35484 35,551 47,150 59,460
Transport equipment 28,698 28,951 39,784 32,386
Precision Instruments 2418 4,037 1,802 1.725
Other manufacturing 11,611 39,500 36,72 11,946
Construction 19,145 28,955 44 638 26,530
Other non-manutacturing 1,781 1,233 1,014 2101
(2)Technology import amounts
Fiscal Year 1982 1983 19684 1985
Industry
Al industries 282,613 279,280 281,447 28341
Manutaciuring 278,075 272 838 276,895 288 628
Food 11,286 8,690 9,480 10,422
Teutiles 2,82 5,543 9,447 3,287
Chemicals 45860 42,280 40,765 37 387
Coramics 10,759 6,731 8,378 32404
Iron and steel 7.800 17.581 5.562 4608
Mon-ferrous metals and products 3,396 3,651 5,100 5,078
Fabricated metal products 3,087 2,601 3,606 3002
General machinery 27 405 28,493 23,905 24 483
Elecirical machinary 89,158 at,831 94 807 Bd 107
Transpart equipment 56413 46,916 55,243 59,704
Precision instrumants 3515 4,405 4 386 5.058
Other manufacturing 16,606 14,027 16,116 17 987
Construction 2298 4 397 2,294 3476
Other non-manutacturing 2219 2,045 2,257 1,070

Source: "Report on the Survey of Research and Development” by the Statistics Bureau,
Management and Coordination Agency.
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{million yen)
1986 15867 1588 1989 1980 15891 = Amosnts | Phrcemage
I:olmpn- tha per one nf
sition previous contract | receipts to
ratio (%) year {million  |R&D expen-
yen) ditures (%)
224078 215,575 246,255 320,348 339,352 370,552 100.0 1.09 46,0 52
163,483 200,772 220,557 316,241 320,707 348,020 939 1.09 46.2 50
4,945 4932 3,787 8337 8.044 9,903 25 1.13 23 106
4,633 4,385 4 361 4648 3.944 618 1.0 0.92 26.0 6.5
38,235 39,295 48,100 53616 58.173 58,802 15.9 1.0 403 5.2
5,468 6.194 5723 B.025 11,660 11,583 31 0.88 44.9 BB
21,540 9.093 10,798 21,572 9.424 10,527 28 1.12 233 32
3,586 2514 201 7.054 7.239 4,185 1.1 0.58 16.5 34
1,525 1,29 1,147 2,004 2418 2,802 0.8 1.16 116 50
6,806 8,741 10,818 13,210 14,364 15,113 41 1.05 18.2 4.1
53,001 61.126 68,795 86,708 97,017 105,758 28.5 1.09 573 39
43,840 45213 58,404 BT 126 92 014 102,140 276 1.11 212 7d
1,850 201 4 611 12,556 4322 12,084 3.3 2.80 63.7 53
8,055 10,017 8,002 10,385 11,688 12,295 33 1.03 26.3 36
20,835 12.6M 16,797 12,448 16,949 21,334 5.8 1.26 45,1 351
9,759 2,002 1 659 1,696 1,199 03 0.7 240 54
{million yen)
1985 1987 1888 1989 1980 1891 o5 Amounis | Percentage
En.mpn- the per ane of
gition . contract | payment f0
ratio (%) | PV'U5 | (milion [R&D expen-
1oy yen) ditures | %)
260,577 283,245 3N21% 329,925 371007 394,661 100.0 1.06 53.3 5.4
258,393 280,996 309,490 326,901 368,284 393,163 996 1.07 54.1 55
10,793 9.785 13,397 BAT1 8.629 BB26 22 1.02 ga.2 143
3,246 3,683 4 910 4 847 4722 5,835 1.5 1.24 G7.3 13.4
40,583 40,554 50,335 56,066 54,043 67,403 17.1 1.25 59.7 B.0
6,589 6,554 3,735 4,092 3.009 4,744 1.2 1.21 207 a7
5,780 8.013 7867 4,776 6,489 5,956 1.5 0.92 19.5 14
4,158 10,719 14,619 10,702 13.890 10,378 25 0.75 514 g4
3.0¢ 2.0m 2,166 2279 2.364 2,389 0.6 1.01 15.0 6.0
25413 21,298 22 502 32 986 30,533 33, 208 84 1.09 30.7 9.0
91,264 109,455 113,778 120553 159,869 161,259 409 1.01 734 54
49,045 48.751 51,955 54,912 52314 56,540 14.3 1.08 69.1 43
4,154 6,677 7,265 B,302 11,384 12,743 3.2 1.12 30.9 52
14,275 12 606 16,871 18,115 20,133 23,852 6.0 1.18 385 B3
1,755 34 966 2043 1,794 687 0.2 0.38 6.0 0.7
428 1315 1,734 481 1,830 811 0.2 044 324 18
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