6. Frontier field

6.1. Overview

(1) The role of science and technology related to the frontier field

A characteristic of the relationship between modern society and science and technology is that the
fruits of science and technology penetrate every corner of human life, while at the same time the future of
that life is threatened by the products of science and technology. Whatever the fate of human life on Earth
may be, it is unimaginable without some relationship with science and technology.

In particular, science and technology related to the frontier field, which developed radically in the
20th century, speaks eloquently of the fact that life on Earth is the product of a cosmogony that has played
out over the few billion years since the Big Bang. In that sense, the frontier field influences human life (in
each of its senses) on the largest scale and with the longest vision.

This comprehensiveness, broadness, long-term perspective, and leadership held by the frontier field
brings a needed inevitability to fundamental measures on various problems facing today's society, and
requires a corresponding degree of national support based on a long-term vision.

(2) The future shape of Japan's frontier field

In the survey, the fields of energy and resources, environment, information and communications, life
science, social technology, and nanotechnology and materials all receive high support, with slight variation,
as fields with which the frontier field should seek to integrate and collaborate into the future. This reflects
and suggests that the frontier field is formed by integrating the elemental technologies of other science and
technology fields and plays a leadership role by providing a foundation for the perspective of modern
outlooks on the universe and the Earth, thus giving other fields a strategic basis for development.
Forecasting the world 30 years from now, the fact that "unmanned space exploration,” "manned space
activities,” "human activity in ocean spaces,” and "human activity in underground spaces™ all received the
answer "Will be more active than now" speaks of the high expectations for the frontier field.

(3) Expected impacts from the frontier field

For current expected impacts, the response was "Large™ or "Somewhat large™ for increased
intellectual assets in each of the frontier field's 11 areas, demonstrating a consciousness that these are
essential topics for increasing Japan's intellectual presence. The highest expectations are for the areas of
space, ocean, and Earth technology for a safe and secure society; technology for high precise observation of
Earth environments and for prediction of change; and space, ocean, and Earth technology that drives
science and technology innovation.

Results for expected impact at the medium term were roughly equivalent to those for current
expected impacts. This tells us that the frontier field is already deeply connected to our lives, and that it is
leading technology that will open the way to the future in comprehensive, long-term manner.

As for contributing to the creation of new industries and business, we wish to draw attention to basic
technology for space transportation and manned space activity, planetary exploration, and ocean and deep
ocean floor observation research technology as areas with high expectations shifting from the present to the
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medium term. These areas are likely to open new worlds of curiosity, and humanity looks to Japan to
contribute the results to the world's intellectual pursuits.

Taking a comprehensive look at the history of 20th century science and technology, the frontier field
is the basic science field that has made the most fundamental contribution to the creation of new industries
and businesses. Of course, the current age, which some call the Information Revolution, would not have
begun if its most basic theory, quantum mechanics, had not been established and if innumerable particle
experiments had not been performed in order to prove it.

A country striving to base itself on creating science and technology must stand firmly on the
foundation of the long-range revolution brought by basic science.

(4) Japan's R&D level

In comparison with the USA, and the countries of Europe and Asia, on average Japan is "somewhat
behind" the USA and Europe while “leading™ Asia in every sector. Areas where Japan is about even with or
ahead of the USA include space and particle research, technology for high precise observation of Earth
environments and for prediction of change, ocean and deep ocean floor observation research technology,
deep Earth observation technology, and space, ocean, and Earth technology for a safe and secure society.
The R&D level five years ago showed approximately the same results. Even in areas in which Japan trails
Europe and the USA, planetary exploration for example, Japan leads in several technologies for individual
topics, such as sample-and-return exploration of solid planets.

(5) Degrees of importance of individual foresight topics

The following topics ranked highest in terms of the degree of importance to Japan index.

- The topic to construct a risk management system that utilizes disaster observation satellites,
communications satellites, and so on

- The topic to forecast volcanic eruptions by observing and assessing magma conditions
inside volcanoes that are likely to erupt

- The topic to precisely forecast the earthquakes of magnitude 7 or greater

Of the top 10 topics in terms of the degree of importance index, 6 deal with predicting or managing
disasters such as earthquakes, volcanoes, and torrential rainfall. The other 4 are reaching agreement on
greenhouse gas regulation, predicting climate change, underground disposal of radioactive waste, and an
integrated, digital, national land management and use system that covers all of Japan.

By area, space, ocean, and Earth technology for a safe and secure society had the highest score on the
degree of importance index.

(6) Technological realization

The overwhelming majority of respondents believe that time of realization for the frontier field will
be between 2011 and 2015. Most believe that government involvement in the field is necessary, with the
total of those selecting either "high™ or "moderate™ reaching 93 percent. Space, ocean, and Earth technology
for a safe and secure society was the area for which the highest number of responses said government
involvement is most necessary, followed by the planetary exploration technology area. The strength of
interest in these topics underlies these responses on necessity of government. The frontier field includes
many nationally-promoted projects around the world, and if we are to truly pioneer this field, the important
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measures that the government should take are research and development funding and human resources
development.

(7) Social application

Social application in the frontier field is predicted between 2021 and 2025, gently curving to a peak.
Ten years is seen as the average time from technological realization to social application. Because these are
very advanced technologies, perhaps respondents imagine the necessity of a long technological ordeal until
social application, but actually, once the technologies of the frontier field achieve technological realization,
most of them will be rapidly applied to civil life. Barcodes, which began as technology for quality control
in space programs, are an example of this phenomenon.

(MATOGAWA Yasunori)
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6.2. Main results

A. Impacts

Increased intellectual assets |

Planetary exploration technology

Earthlike life and extrasolar planetary
exploration technology

Space and particle research

Basic technology for space
transportation and manned space
activity
Space utilization technology—basic
satellite technology—
Technology for high precise observation
of Earth environments and for prediction
of change
Technology to explore, capture, and

cultivate life under extreme environment

Deep Earth observation technology

Ocean and deep ocean floor
observation research technology

Space, ocean, and Earth technology for
a safe and secure society
Space, ocean, and Earth technology that
drives science and technology
innovation
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Social impacts (Contribution to safety and security) (Contribution toimproved social

vitality and quality of life)
0 5 10 o 5 10

Planetary exploration technology

Earthlike life and extrasolar planetary
exploration technology

Space and particle research

Basic technology for space
transportation and manned space
activity
Space utilization technology—basic
satellite technology—
Technology for high precise observation
of Earth environments and for prediction
of change
Technology to explore, capture, and
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@ Current Impacts

0O Expected impacts at
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Deep Earth observation technology

Ocean and deep ocean floor
observation research technology

Space, ocean, and Earth technology for
a safe and secure society
Space, ocean, and Earth technology that
drives science and technology
innovation

*Responses are indexed on a 10-point scale.

B. Japan’s R&D Level

relative to USA relative to EU relative to Asia

Planetary exploration technology

Earthlike life and extrasolar planetary
exploration technology

Space and particle research

Basic technology for space
transportation and manned space
activity
Space utilization technology—basic
satellite technology—
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observation of Earth environments and

for prediction of change
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Deep Earth observation technology

Ocean and deep ocean floor
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Space, ocean, and Earth technology
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m Current level O Level five years ago

*Responses are indexed on a 10-point scale.
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C. Importance to Japan

Basic technology for space transportation and manned space activity

Space, ocean, and Earth technology for a safe and secure society
Technology for high precise observation of Earth environments and for

Average importance index by area

0

50

100

]91.7

prediction of change

Space utilization technology -basic satellite technology-

]69.1

Ocean and deep ocean floor observation research technology

] 65.7

Deep Earth observation technology

]63.2

Space, ocean, and Earth technology that drives science and

]62.0

technology innovation

] 60.0

Space and particle research

] 55.8

Technology to explore, capture, and cultivate life under extreme

]54.3

environment

Planetary exploration technology

]53.9

Earthlike life and extrasolar planetary exploration technology

]49.1

] 66.6

Average for all topics of the field

] 70.8

The most important 10 topics

Topic

Index Year T*

Year S*

52: A risk management system that utilizes disaster observation satellites,
communications satellites, GPS, unmanned aircraft, and so on to observe
disasters, understand situations after disasters occur, and respond swiftly
(send the necessary information where it is needed).

98 2009

58: Technology to forecast the timing and scale of volcanic eruptions by
observing and assessing in real time magma conditions inside volcanoes that
are likely to erupt.

98 2014

57: Technology to precisely forecast the imminence (place and time period)
of earthquakes (plate boundary earthquakes and inland earthquakes) of
magnitude 7 or greater that are likely to cause damage, helping mitigate
human disasters.

98 2021

60: Technology to evenly and densely place comprehensive earthquake/crust
change observation equipment in major cities, mountainous areas,
continental shelves, and so on in order to predict earthquakes.

96 2010

59: Formation of a worldwide consensus, including developing countries, on
international regulations on the output of carbon dioxide and other
greenhouse gases.

96 -

61: Elucidation of the mechanisms of rainfall, snow accumulation, torrential
rain, and so on.

95 2013

45: Technology that makes it possible to measure regional stress fields in the
Earth's crust on a region-wide scale in earthquake zones.

95 2015

23: Forecasting technology for year-to-year variation of climate system.

94 2014

55: Technology to assess the safety of geologic disposal of high-level
radioactive waste.

93 2013

10

53: An integrated national land management and use system (using Earth
observation satellite data, GPS, communications satellites, GIS, and so on to
digitize land use, ocean data, maps, etc.) that covers all of Japan, including
the sea.

93 2009

2014

2016

2014

2014

Year T: Time of technological realization Year S: Time of social application

*Responses were indexed on a 100-point scale.
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D. Time of realization

Distributions of forecasted realization time
100% 100%

All topics (773)

| 53% All topics (806)

50% 50% |

[ 31%

I 18%

2006- 2011- 2016- 2021- 2026- 2031- 2036-
2010 2015 2020 2025 2030 2035

20%

0% 0%

-2005 2006- 2011- 2016- 2021- 2026- 2031- 203t
2010 2015 2020 2025 2030 2035

Time of technological realozation Time of social application

Gap between technological realization and social application

2005 2010 2015 2020 2025 2030 2035
Ocean and deep ocean floor observation } ‘ } } }
research technology | ‘ | | |
Space, ocean, and Earth technology I I I I
for a safe and secure society | I I I
Technology for high precise observation of Earth : ‘ ‘ : :
environments and for prediction of change ‘ ‘ ‘ ‘ ‘
Technology to explore, capture, and cultivate life I I L ! I
under extreme environment 1 1 | ‘10'0 yrs | 1
Space, ocean, and Earth technology that l l | ‘9 T | l
drives science and technology innovation : : ‘ YIS, ‘ :
Space utilization technology ! ! : : !
—basic satellite technology— : : | 9.8yrs. | :
| | | | |
Deep Earth observation technology | | | 10.4 yrs. | |
| | | | |
| | | | |
Planetary exploration technology : : | 10.0 yrs. | :
Basic technology for space transportation : : : ‘ AT ‘
and manned space activity | | | | ; YIS ; |
| | | |
Average for all technological topics of the field : : : :
Topics with short or long periods until social application
Topic Year T*  Period* Area
42: Technology to statically achieve samples of a size of a few Deep Earth observation
centimeters or more from the high-temperature, high-pressure 2016 12 techFr)mIo
conditions near the center of the Earth. 9y
43: Technology to use satellite magnetic field observation and Deep Earth observation
surface observation to estimate the core’s current dynamo action and 2016 12 techFr)mIo
future changes in the magnetic field. 9y
. Basic technology for
13: Japan's own reusable space vessels that travel between the Earth 2020 1 robotic and ma%)r/m d space
and Earth orbit. activity P
. - Technology to explore,
38: Exploration technology to seek the extraterrestrial life on the other 2021 1 capture a%)(/j kee p
planets (including satellites) within the solar system. ex?remé life forrrF:s
44: Technology sensitive enough to detect shifts in matter of a few 2020 1 Deep Earth observation

centimeters a year deep inside the Earth.

297

technology




Topic Year T*  Period* Area
45: Technology that makes it possible to measure regional stress fields Deep Earth observation
. . . : - 2015 1
in the Earth's crust on a region-wide scale in earthquake zones. technology
Space, ocean, and Earth
63: Solar photoelectric power generation plants in space that transmit technology that drives
- - : 2022 11 :
electricity to the ground with microwaves or lasers. science and technology
innovation
Space, ocean, and Earth
74: Saltwater engines that remove oxygen and hydrogen form seawater 2021 1 technology that drives
and generate energy. science and technology
innovation
Topic Year T*  Period* Area
52: A risk management system that utilizes disaster observation
. S . ) Space, ocean, and Earth
satellites, communications satellites, GPS, unmanned aircraft, and so
. o - 2009 5 technology for a safe and
on to observe disasters, understand situations after disasters occur, and -
. . . S secure society
respond swiftly (send the necessary information where it is needed).
53: An integrated national land management and use system (using
. . o . Space, ocean, and Earth
Earth observation satellite data, GPS, communications satellites, GIS,
s 2009 5 technology for a safe and
and so on to digitize land use, ocean data, maps, etc.) that covers all of .
. - secure society
Japan, including the sea.
. . . Space, ocean, and Earth
54: Integrated usage and conservation technology for entire bays such
2010 5 technology for a safe and
as Tokyo Bay and Osaka Bay that are densely used. A
secure society
Technology for highly
33: Three-dimensional image analysis systems that can distinguish tiny 2012 6 accurate observation of
ocean organisms (microorganisms, plankton, etc.). Earth environments and
prediction of change
Ocean and deep ocean
49: High-tech survey vessels with a single specialized function. 2008 6 floor observation
research technology
56: Technology that uses monitoring techr_mlogy on Space, ocean, and Earth
moment-to-moment characteristics of falling and accumulated snow to
. . 2011 6 technology for a safe and
predict the scale of surface avalanches, degree of risk, and so on over A
. secure society
wide areas.
carhquakeloruet change obsevation squipment i major s Space, ocean, and Eart
g g quip J ' 2010 6 technology for a safe and

mountainous areas, continental shelves, and so on in order to predict
earthquakes.

secure society

*Year T: Time of technological realization
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E. Effective measures that should taken by government

Necessity of government involvement

For technological realization For social application

0 5 100 5 10

Planetary exploration technology | 9.0 7.4

Earthlike life and extrasolar planetary
exploration technology

Space and particle research | 8.7

Basic technology for space transportation
and manned space activity

Space utilization technology—basic
satellite technology—
Technology for high precise observation of [ ‘
Earth environments and for prediction of |8.4 |8.0
change |
Technology to explore, capture, and
cultivate life under extreme environment

Deep Earth observation technology | 8.2 |7.7

Ocean and deep ocean floor observation
research technology

Space, ocean, and Earth technology for a
safe and secure society

©
~
©
a1

Space, ocean, and Earth technology that
drives science and technologyinnovation

*Responses were indexed on a 10-point scale

Effective measures

For technological realization
%

0 50 100 150 200 250 300
Planetary exploration technology | 73 [ 27 1
Earthlike life and extrasolar planetary 7l 2
exploration technology | ¢
Space and particle research 78 | 32 0z
Basic technology for space transportation
and manned space activity | 3 | e |5|
Space utilization technology
—basic satellite technology— | Y | ) l
Technology for high precise observation of Earth | =7 | 8 1
environments and for prediction of change
Technology to explore, capture, and cultivate life | 73 | 20 ¢
under extreme environment
Deep Earth observation technology | 72 [13]3
Ocean and deep ocean floor observation n | 77 |9*
research technology
Space, ocean, and Earth technology & | 59 |7FI
for a safe and secure society
Space, ogean, and Earth technglogy th.at drives 5 | 55 | 3 |4|
science and technology innovation
B Human resources @ Collaboration O R&D infrastructure O Funding
O Internationalization O Relaxed regulations @ Tightened regulations O Other
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Technology for high precise observation of Earth
environments and for prediction of change
Technology to explore, capture, and cultivate life

Space, ocean, and Earth technology that drives

Basic technology for space transportation

For social application

0 50 100 150 200 250

%
300

Planetary exploration technology

and manned space activity
Space utilization technology
—basic satellite technology—

under extreme environment
Deep Earth observation technology

Ocean and deep ocean floor observation
research technology
Space, ocean, and Earth technology
for a safe and secure society

science and technology innovation

B Human resources @ Collaboration O Business startups O Procurement
O Relaxed regulations O Tightened regulations @ Other

F. Time-line of topics

Technological realization

Year Topic

2008 49: High-tech survey vessels with a single specialized function.

2009 52: A risk management system that utilizes disaster observation satellites, communications satellites, GPS,
unmanned aircraft, and so on to observe disasters, understand situations after disasters occur, and respond
swiftly (send the necessary information where it is needed).

53: An integrated national land management and use system (using Earth observation satellite data, GPS,
communications satellites, GIS, and so on to digitize land use, ocean data, maps, etc.) that covers all of Japan,
including the sea.

2010 54: Integrated usage and conservation technology for entire bays such as Tokyo Bay and Osaka Bay that are
densely used.

60: Technology to evenly and densely place comprehensive earthquake/crust change observation equipment in
major cities, mountainous areas, continental shelves, and so on in order to predict earthquakes.

2011 31: Automatic observation systems in the open ocean that monitor water temperature, salinity, and chemical
tracers with high reliability while going for long periods without maintenance.

56: Technology that uses monitoring technology on moment-to-moment characteristics of falling and
accumulated snow to predict the scale of surface avalanches, degree of risk, and so on over wide areas.
75: Three-dimensional autonomous navigation systems for water vessels.

2012 01: Technology to orbit Mercury, Venus, and Mars and observe their surfaces.
33: Three-dimensional image analysis systems that can distinguish tiny ocean organisms (microorganisms,
plankton, etc.).
37: Technology to isolate and cultivate life forms that inhabit extreme Earth environments.
47: Automatic observation systems in the open ocean that can monitor oceanographic phenomena and
conditions from a depth of 6,000 m to near the surface for a long period of time (about 5 years).
50: Robots that autonomously perform heavy duty work in the deep ocean.

2013 03: Sample returns from planets.

05: Become able to directly image Jupiter-type planets orbiting nearby stars outside the solar system by using
technology such as negative-type interferometers and coronagraphs.

26: Systems to observe clouds and aerosol all over the Earth from satellites with high precision, resolution, and
frequency.

27: Stationary satellite observation (vertical resolution 500 m to 1 km, horizontal resolution 1-5 km) of water
vapor distribution.

32: Ocean observation systems that use various flight vehicles to agilely perform sample collection and
instrument set up and collection.
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Year

Topic

2014

2015

2016

2017
2018

34: Sensors that can distinguish body shapes underwater from a distance of several hundred meters.

35: Microwave radiometers loaded on satellites to measure at a spatial resolution of 1 km or less worldwide
water, soil moisture, salt deposition density, and snow and ice distribution on land.

36: Methods to accurately calculate heat transfer in the water cycle such as from a water vapor to clouds and
clouds to rain .

39: Technology to place permanent geophysical observation bases on the deep ocean floor and radically
increase the precision of exploration of the Earth's interior by networking them.

48: Fuel cells that are closed systems (no atmospheric exposure), portable, and can provide 10 kilowatt output
for one year with a single fueling.

51: Probes that can penetrate 10 km below the sea floor.
55: Technology to assess the safety of geologic disposal of high-level radioactive waste.
61: Elucidation of the mechanisms of rainfall, snow accumulation, torrential rain, and so on.

69: Offshore cities (bases for transportation, communications, research, production, leisure activities) with
structures with legs or that float.

76: Wireless communications technology that works over several horizontal kilometers in seawater to enable
smooth performance of underwater work.

23: Forecasting technology for year-to-year variation of climate system.

25: Technology to precisely observe carbon dioxide gas emission and absorption within country, using space
technology.

28: High-precision Earth environment models with about 100-500 m resolution for a short-range forecasting
that can distinguish buildings and predict air pollution, and urban flooding.

46: Technology that precisely estimates the contributions of deep-sea chemical ecosystems to oceanic matter
and energy.

58: Technology to forecast the timing and scale of volcanic eruptions by observing and assessing in real time
magma conditions inside volcanoes that are likely to erupt.

67: Technology for the creation of recreational water-use areas through the development of seawater cleaning
systems such as cleaning blocks and biofilters.

72: Technology to grow bacteria that break down chemical substances that disrupt endocrines and other
environmental pollutants.

73: Establishment of quantitative models for ocean ecosystems.

10: Multi-wavelength observations (in infrared, visible light, ultraviolet, x-rays, gamma rays, etc.), conducted
by scientific satellites from outside the atmosphere, attain sensitivity improvements by two orders of magnitude.

11: Technology to explore difficult-to-detect particles such as cosmic neutrinos, ultrahigh-energy gamma rays,
and dark matter particles will markedly improve, leading to major developments.

21: To respond to the increase in satellite-based communications volume accompanying the growth of
Earth-based communications volume, a system of multiple stationary platforms with transmission capacities in
the several terabits/second class, linked by optical intersatellite communications.

29: Climate change simulations for the Earth's history, including the Snowball Earth and the ice age cycle.

45: Technology that makes it possible to measure regional stress fields in the Earth's crust on a region-wide
scale in earthquake zones.

68: Technology to fix carbon dioxide to the seafloor.

70: Marine farms that carry out optimal environmental management by adopting biology technology as well as
a broad array of engineering technology.

71: Methane hydrate mining utilization technology.

42: Technology to statically achieve samples of a size of a few centimeters or more from the high-temperature,
high-pressure conditions near the center of the Earth.

43: Technology to use satellite magnetic field observation and surface observation to estimate the core’s
current dynamo action and future changes in the magnetic field.

19: Satellite systems whose maintenance, repair, and functional upgrade may be performed by robots in orbit.

08: High-precision space positioning technology utilizing multi-satellite formation flight will become available,
with the goal of realizing gravitational wave detectors and ultrahigh-angle-resolution submillimeter
interferometers.

09: Various space observatories that utilize the lunar surface and Sun-Earth Lagrangian points  will be realized,
enabling far-infrared telescopes, ultrahigh-resolution visible light telescopes, and other technologies which
cannot be achieved via Earth-based observations.
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Year

Topic

2019

2020

2021

2022

2023
2024
2026

2030

20: Operation of semi-permanent large platforms (a system in which mission apparatuses can appropriately
exchanged and maintenance, inspection, and repair can be performed in orbit) in order to effectively utilize the
limited stationary orbits available.

24: Earth environment change forecasting technology with a scale of several decades by Earth system models
that handle the composition of the atmosphere and oceans, ecosystems, and the material cycles within them.

02: Quantum communications technology that is 1 million times faster than current optical communications for
high-capacity communications with planetary exploration satellites and so on.

04: Observation technology for satellites orbiting planets beyond Jupiter.

12: Particle accelerator technology will advance markedly, leading to breakthroughs in human understanding of
the natural world (the origins of the universe, the asymmetry between matter and antimatter, the origins of
elements, etc.).

62: Construction of computer life form models based on advances in system biology.

06: Find Earthlike planets orbiting nearby stars outside the solar system by greatly improving exploration
technology for extrasolar planets.

07: Find environments suitable for life or subtle signs of biological activity on extrasolar planets by carrying out
spectroscopic analysis of their atmospheres and surface compositions using remote sensing in infrared and
visible wavelengths.

13: Japan's own reusable space vessels that travel between the Earth and Earth orbit.

22: Drastic technical measures (debris-free space systems, collection of debris already left, disposal by injection
into the atmosphere, etc.) against the debris problem.

44: Technology sensitive enough to detect shifts in matter of a few centimeters a year deep inside the Earth.
64: Self-repairing space vessels.

17: Geostationary orbital bases that can be used comprehensively for Earth observation and as space factories
and communications bases.

38: Exploration technology to seek the extraterrestrial life on the other planets (including satellites) within the
solar system.

41: Technology to extract mantle matter by deep drilling into the Earth from any location.

57: Technology to precisely forecast the imminence (place and time period) of earthquakes (plate boundary
earthquakes and inland earthquakes) of magnitude 7 or greater that are likely to cause damage, helping mitigate
human disasters.

74: Saltwater engines that remove oxygen and hydrogen form seawater and generate energy.

16: Life support technology that utilizes closed ecosystems for self-supply of foods such as vegetables, grains,
and animal protein in space.

40: Technology to extract matter from the Earth's core in order to identify the light elements included there.

63: Solar photoelectric power generation plants in space that transmit electricity to the ground with microwaves
or lasers.

66: Satellite-borne computers that operate on the level of thermal noise energy.
15: Space tourism (including education and cultural activities) in Earth orbit.
14: Japan's own manned space vessels.

65: Space and planetary exploration technology using robots with overall decision-making ability equivalent to
that of human beings.

18: Permanent manned moon surface bases (scientific observation from the moon, lunar science, development
of technology to utilize resources, etc.).

Social application

Year

Topic

2014

49: High-tech survey vessels with a single specialized function.

52: A risk management system that utilizes disaster observation satellites, communications satellites, GPS,
unmanned aircraft, and so on to observe disasters, understand situations after disasters occur, and respond
swiftly (send the necessary information where it is needed).

53: An integrated national land management and use system (using Earth observation satellite data, GPS,
communications satellites, GIS, and so on to digitize land use, ocean data, maps, etc.) that covers all of Japan,
including the sea.

59: Formation of a worldwide consensus, including developing countries, on international regulations on the
output of carbon dioxide and other greenhouse gases.
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Year

Topic

2015

2016

2017

2018

2019

2020

2021

2022

2023

2025

54: Integrated usage and conservation technology for entire bays such as Tokyo Bay and Osaka Bay that are
densely used.

60: Technology to evenly and densely place comprehensive earthquake/crust change observation equipment in
major cities, mountainous areas, continental shelves, and so on in order to predict earthquakes.

56: Technology that uses monitoring technology on moment-to-moment characteristics of falling and
accumulated snow to predict the scale of surface avalanches, degree of risk, and so on over wide areas.

31: Automatic observation systems in the open ocean that monitor water temperature, salinity, and chemical
tracers with high reliability while going for long periods without maintenance.

33: Three-dimensional image analysis systems that can distinguish tiny ocean organisms (microorganisms,
plankton, etc.).

30: Establishment of corporate management methods based on precise seasonal forecasts.

47: Automatic observation systems in the open ocean that can monitor oceanographic phenomena and
conditions from a depth of 6,000 m to near the surface for a long period of time (about 5 years).

50: Robots that autonomously perform heavy duty work in the deep ocean.
75: Three-dimensional autonomous navigation systems for water vessels.

26: Systems to observe clouds and aerosol all over the Earth from satellites with high precision, resolution, and
frequency.

32: Ocean observation systems that use various flight vehicles to agilely perform sample collection and
instrument set up and collection.

34: Sensors that can distinguish body shapes underwater from a distance of several hundred meters.

48: Fuel cells that are closed systems (no atmospheric exposure), portable, and can provide 10 kilowatt output
for one year with a single fueling.

61: Elucidation of the mechanisms of rainfall, snow accumulation, torrential rain, and so on.

27: Stationary satellite observation (vertical resolution 500 m to 1 km, horizontal resolution 1-5 km) of water
vapor distribution.

35: Microwave radiometers loaded on satellites to measure at a spatial resolution of 1 km or less worldwide
water, soil moisture, salt deposition density, and snow and ice distribution on land.

37: Technology to isolate and cultivate life forms that inhabit extreme Earth environments.

39: Technology to place permanent geophysical observation bases on the deep ocean floor and radically
increase the precision of exploration of the Earth's interior by networking them.

55: Technology to assess the safety of geologic disposal of high-level radioactive waste.
23: Forecasting technology for year-to-year variation of climate system.

25: Technology to precisely observe carbon dioxide gas emission and absorption within country, using space
technology.

28: High-precision Earth environment models with about 200-500 m resolution for a short-range forecasting
that can distinguish buildings and predict air pollution, and urban flooding.

51: Probes that can penetrate 10 km below the sea floor.

58: Technology to forecast the timing and scale of volcanic eruptions by observing and assessing in real time
magma conditions inside volcanoes that are likely to erupt.

67: Technology for the creation of recreational water-use areas through the development of seawater cleaning
systems such as cleaning blocks and biofilters.

76: Wireless communications technology that works over several horizontal kilometers in seawater to enable
smooth performance of underwater work.

46: Technology that precisely estimates the contributions of deep-sea chemical ecosystems to oceanic matter
and energy.

69: Offshore cities (bases for transportation, communications, research, production, leisure activities) with
structures with legs or that float.

72: Technology to grow bacteria that break down chemical substances that disrupt endocrines and other
environmental pollutants.

21: To respond to the increase in satellite-based communications volume accompanying the growth of
Earth-based communications volume, a system of multiple stationary platforms with transmission capacities in
the several terabits/second class, linked by optical intersatellite communications.

68: Technology to fix carbon dioxide to the seafloor.

70: Marine farms that carry out optimal environmental management by adopting biology technology as well as
a broad array of engineering technology.
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Year

Topic

2026

2027

2028

2028

2029

2030

2031

2032

2033

2034

2036-

71: Methane hydrate mining utilization technology.
19: Satellite systems whose maintenance, repair, and functional upgrade may be performed by robots in orbit.

45: Technology that makes it possible to measure regional stress fields in the Earth's crust on a region-wide
scale in earthquake zones.

24: Earth environment change forecasting technology with a scale of several decades by Earth system models
that handle the composition of the atmosphere and oceans, ecosystems, and the material cycles within them.

20: Operation of semi-permanent large platforms (a system in which mission apparatuses can appropriately
exchanged and maintenance, inspection, and repair can be performed in orbit) in order to effectively utilize the
limited stationary orbits available.

42: Technology to statically achieve samples of a size of a few centimeters or more from the high-temperature,
high-pressure conditions near the center of the Earth.

43: Technology to use satellite magnetic field observation and surface observation to estimate the core's
current dynamo action and future changes in the magnetic field.

02: Quantum communications technology that is 1 million times faster than current optical communications for
high-capacity communications with planetary exploration satellites and so on.

17: Geostationary orbital bases that can be used comprehensively for Earth observation and as space factories
and communications bases.

22: Drastic technical measures (debris-free space systems, collection of debris already left, disposal by injection
into the atmosphere, etc.) against the debris problem.

57: Technology to precisely forecast the imminence (place and time period) of earthquakes (plate boundary
earthquakes and inland earthquakes) of magnitude 7 or greater that are likely to cause damage, helping mitigate
human disasters.

64: Self-repairing space vessels.

13: Japan's own reusable space vessels that travel between the Earth and Earth orbit.

40: Technology to extract matter from the Earth's core in order to identify the light elements included there.
41: Technology to extract mantle matter by deep drilling into the Earth from any location.

44: Technology sensitive enough to detect shifts in matter of a few centimeters a year deep inside the Earth.
66: Satellite-borne computers that operate on the level of thermal noise energy.

15: Space tourism (including education and cultural activities) in Earth orbit.

16: Life support technology that utilizes closed ecosystems for self-supply of foods such as vegetables, grains,
and animal protein in space.

38: Exploration technology to seek the extraterrestrial life on the other planets (including satellites) within the
solar system.

74: Saltwater engines that remove oxygen and hydrogen form seawater and generate energy.
14: Japan's own manned space vessels.

63: Solar photoelectric power generation plants in space that transmit electricity to the ground with microwaves
or lasers.

65: Space and planetary exploration technology using robots with overall decision-making ability equivalent to
that of human beings.

18: Permanent manned moon surface bases (scientific observation from the moon, lunar science, development
of technology to utilize resources, etc.).
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Appendix: Results of R1 and R2

|. Planetary exploration technology

1. Questions regarding the relevant area
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Frontier

3) Expected impacts at the medium term

4) Japan's current R&D level

5) Japan's R&D level five years ago
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ll. Earthlike life and extrasolar planetary exploration technology

1. Questions regarding the relevant area

1) Degree of expertise in the area

2) Current impacts
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Frontier

3) Expected impacts at the medium term

4) Japan's current R&D level

5) Japan's R&D level five years ago
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lll. Space and particle research

1. Questions regarding the relevant area
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3) Expected impacts at the medium term

4) Japan's current R&D level
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5) Japan's R&D level five years ago
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I\VV. Basic technology for space transportation and manned space activity

1. Questions regarding the relevant area
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3) Expected impacts at the medium term

4) Japan's current R&D level
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V. Space utilization technology—basic satellite technology—

1. Questions regarding the relevant area

1) Degree of expertise in the area

2) Current impacts

Somewhat
_— . 1
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Contribution to the development of other
fields ly ' L '
[Economic impacts] Contribution to the development of | Ly I I |
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Contribution to improved social
vitality and quality of life ' Ly | ! !
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Frontier

3) Expected impacts at the medium term

4) Japan's current R&D level

5) Japan's R&D level five years ago
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VI. Technology for high precise observation of Earth environments

and for prediction of change

1. Questions regarding the relevant area

1) Degree of expertise in the area

2) Current impacts
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Frontier

3) Expected impacts at the medium term

4) Japan's current R&D level

Behind

5) Japan's R&D level five years ago
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should be taken by gov't

1BY10

1
1

0

2

0

2

1

2

suoirejnBal mau 1o pausiybi ]

1

1

1

1

8

1

0

0

2

0

0

suole|nBal JueAs|al JO UOIRUIWI[S JO UONEXE|9Y

JUBWaINo0Id
pue ‘saipisgns ‘uonzexe} ybnouyy poddng

()

sdnyels ssauISNQ 104 JUSLLUOIIAUS JO JUSWBACIdW|

UOITeI0qe[]0J ATeur|dIosIpIaiul
pue JuswuIanob-o1wapede-A1snpul pausyibusns

9 31| 7

EwEQO_m>mU §921N0sal uewnH

6774112 |29| 7

67591522 | 3

Regarding social application
Necessity of gov't |Effective measures that

involvement

auoN

0(63]|71

0|[56]|72]12(56|12| 0

1

1

0|67]|42|17 (25| 8

0|67|50| 0 (50| 0

0]168|71)15(30| 4

0(75|75|17 (42| 0

MO

(%)

9JelspoN

ubIH

18 61|20

Time of social application

MOuX Jou og

9 (39|43 15| 3 |54(60|19|41|12]| 4

4142|535

068|248

9(32|44)120| 4 |55(57|21|34|15]| 4

4 (3360 6

0|60]|2713| 0 |67|67|27|67|33| 7

1311743 |35| 5 (58(48|28|30| 3

4

042|580

1821|4430 5 |54|54|23|35| 2

5(24|5719| 0 |67|66|17|28| 2

0(67]33]0

1531|4620 | 3 |56|59|16|33| 3

6130|628

0[75|25] 0

(%)

paidde aq 10U |1

3
0

0

3

1

0

1

0

0

2

0

0

4

1

8

—-9€0¢

§€0¢-9¢0¢

§¢02-910¢

§10¢-T10C

01029002

taken by gov't

B_BYIo

0

2

0

1

0

suone|nfial mau 1o pauaiybi

1
0

0

0

0

1

0

0

0

0

0

0

suoiye|nGal JUBASISA JO UOIRUIIIS 10 UOIeXe|oy

1

0

0

0

1

1

8

1

0

SaINIAIR 079y JO UOMeZI[euoleuIu|

%

Buipuny @y Jo uoisuedxy <

alnoniseul @9y 4o wawdojanag

TOMeI00e][09 ATRUT[dIosIpIatul
pue juawuIaA0B-01LBpEIR-ALIsnpul pausyibuag

juawdo|anap $821n0sal UewnH

Regarding technological realization
Necessity of gov't |Effective measures that should be

involvement

auoN

0|66(30|41(79|19]| 2

0|76|40|52(80|24| 4

1]62|33|56|78|16| 3

0]69|50|56(75|31({13| 0

0|75| 8 |42(42|17| 0

0|67|50|17(50| 0

0|68(34|50(|78]16

0|67(33|50(75| 8

1180|17|44|68|12| 0

0|9 | 03070 0

Mo

8

0

(%0)

9JeISpoIN

ubiH

Countries at the
leading edge

183yY10

0|46|42|11| 1 |51|40(47|72|33| 5

0]61/36]| 3

0848

0|41|41|17| 1 |47|36|57|69|28| 8

1148|46| 5

0|56|38| 6

2 |24|47)27| 2 |58|38|40 (61|18

0|24|63|12| 1|68|26|38|70| 6

0]42/58| 0

2 |31|41)23| 5|51(49|37|61|14]| 3

1]133|53|14| 06647 |35|74| 6

0[83|17| 0

1145|4211 2 |52|39|49|65|30

0|54(42| 4

0928

2 38|47 13| 2 |67 |24|44(59|23

0385 | 5

0]50|50| 0

eIsy

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

()

n3

1

1

1

1

vsn

ueder

25|74
1882 0

419 |0

10|87 3

71920

7193|0

21|70 7

11189 0

33670

15| 82

41950

17183] 0

12|85 2

7192

17183| 0

17\ 74| 7

5|9

0 100/ O

319



VII. Technology to explore, capture, and cultivative life
under extreme environment

1. Questions regarding the relevant area

1) Degree of expertise in the area  2) Current impacts

Somewhat
_— . I
High Moderate Low [Increased Contribution of the relevant area itself to "arlge 'aTQT Moldera[e S";a N°|”E
y intellectual assets] ~ increased intellectual assets I
Contribution to the development of other
fields ' — ! !
[Economic impacts] Contribution to the development of | | L v |
existing Japanese industry 7'y
Contribution to the creation of new
) - ] l | [ 2 |
o industries or businesses x
[Social impacts] Contribution to safety and security | | | vl |
Contribution to improved social
vitality and quality of life L L |l v | I
2. Questions regarding topics
Degree of Importan . . .
egree 0 portance Time of technological realization
expertise to Japan
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3) Expected impacts at the medium term

4) Japan's current R&D level

Behind

5) Japan's R&D level five years ago
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VIIl. Deep Earth observation technology

1. Questions regarding the relevant area

1) Degree of expertise in the area  2) Current impacts

Somewhat
High Moderate Low [Increased Contribution of the relevant area itself to "arlge 'ang Mureme S";a” N°|“e
Y intellectual assets] ~ increased intellectual assets &y
Contribution to the development of other
fields ' Ly | ' !
[Economic impacts] Contribution to the development of | | v | |
existing Japanese industry x
Contribution to the creation of new
) 5 ] L l [ 4 I I
o industries or businesses x
[Social impacts] Contribution to safety and security | | vl | |
Contribution to improved social
vitality and quality of life L L ly L I
2. Questions regarding topics
Degree_of Importance Time of technological realization
expertise to Japan
e
o
= 2 B
s & B 2l
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3) Expected impacts at the medium term 4) Japan's current R&D level 5) Japan's R&D level five years ago
L Somewhat Moderate  Small N . Somewhat Somewhat . i Somewhat Somewhat )
- arige |argT | | Ulne Relative to Leadlmg IeadiFg EveTv behir?d Behlmd Relative Leadllng Ieadilng Eveln . beh,Td Ber:md
X USA 7y to USA 7y
- L L v ! |
A
= Relative to Relative to
| v EU [ VA| EU vIA
- 1 v 1 I
A
— | L v | I | Re!atlve to | v | | | | Re!atlve to | v |
[ Asia L) Asia A
- | | W | | *Relative to EU and Asia means relative to their most advanced countries.
=
. Regarding technological realization Regarding social application
Countries at the - - . . — - -
leading edae Necessity of gov't |Effective measures that should be Time of social application Necessity of gov't |Effective measures that
g edg involvement taken by gov't involvement should be taken by gov't
=} = §
§ | o 8|8 5§ |5 g
sz |22 E sl |2
= E | S | & = E iR |2
T[S = = | @ 8 < |2 ERN k= 2
ES |8l =2(2|&|8 = £15 |21g |g|8
a3 sl 1P| 3= o|lw|w Iro) o | 3 S (3 5[5 3| =
c slel8|sle|SESS[E|Z21E] [El8]18 |8 SlElc|Blale|SEdzE |22
glSI2l8|E8|el3|5|2E2ql2l8z|8 (TI191S T |o [8|2|8|e|3|5|2E2¢EF (8|8
SIS <|8|T|8|2|z|S|% % als|&|= S1319 Q Q =le|T|8|=|z|°|gg 5|s |&|E
= Sl || =|E| 2 S|lo|lo o =1 c| o = Sle=l s | 8|2
S8 || || S AGAEY 39 39 =|a o3 ElZ | =&
RIS = SEYEE |£|E
o |E | ©| ©| | S ; o€ o [ 3| ©
25 E| 5| 8|53 SeE e 5|D
s sl 2| sS|cs| 2 =2 cEg |2
cleg ol e|lBle|S c |z S 2 5| ¢
S5 5| S| S|EBIE] 5 S5g 2|85
SES 3| 22|25 £ SEEcEg 2|5l
IFgolul=[&|F|O TIBE Eldd &|F|O
(%) (%) (%) (%) (%) (%)
42157 0| 0| 1]61/29| 8| 2]63|35|55(71(39|5 |01 18|147|136|12| 5|66(52|21(36| 7| 2|3
5050 00| 0|77/20{3|0|74|20|56|77(22]1|1]|0 6166|286 0858633111
76124/ 00| 0)9|5|5|0]|71|5|52|9(19]10| 5|0 081|145 0|8 |43|5 |57|10] 5|0
14|78 5| 0| 3|33|37(23| 7|65|24|57|55(25|1|0]1 24127(33(28|12|70(42(11|28| 4| 1| 4
8 87| 1| 0| 4424212 4|79|11|55(62| 9| 0| 0|0 13128|50(18| 4 |83(39|4 (22| 0|01
25|75/ 0| 0| 0571429/ 0|8 |0 |43(71| 0|00 O 25162(25|13| 088|250 (25|00 |0
3354 7| 0| 6|4436|17| 3 |57/29|59(7032|2 |01 19134|136(20|10|64|50|11(35| 7 | 1| 2
23|74 10| 2|59(32]9|0]|70(17|5 (709|000 9 (3848|113 |78(52|3 (270|001
36|50 0| 0|14]|61|31|8|0]|77|8|54|54/8]0|0]|0 7164|1297 0|71{36| 0|57/ 0]0]|O0
39152 5| 0| 4)35|36(25|4|62|24/49|68(19| 2|01 15125|35(30|10|66|47|16(29| 6 | 1| 3
39160 10| 0]39/45(15| 1|75|16|49|71(10]{ 0| 0| O 9131|4918 2 (84496 23| 0|11
70/30{ 0| 0| 0)40 5010 0O|80| O 30|60l 0]0|O0]|O 10)122|67|11| 0|67|44| 0|33/ 00| O
13|78 7| 0| 2|38|40(19| 3|72|20|49|65(34| 3|01 201274123 975|379 (30| 7|03
719|2|1|0|39|5|6|0]82|14/43(74|15|/ 0|00 10129|58|10| 3|90 (35| 0261 |1]|1
21721 0| 7| 0295714 0|79| 7 |29|57(14] 0| 0] O 8131|4615/ 8|92 8| 0|25/ 00| O
18|73 5| 0| 4)36|42(19| 3|69|23|55|61(27|2|0]1 23(31(36(23|10|79|36(14|32| 2|0 |2
13/8| 1| 0| 0|50 42| 8| 0]|8|14|52|69(10] 0| 0| O 8143|459 39384 |24|/0 |01
21|79/ 0| 0| 0|57|29(14| 0|8 | 7 |57|71|7]0|0]|O0 15159|25|8 | 8]91(36|0(27|0|0]|O0
6135 1|0|3|76|21|2|1]|67|39|58|75(19|1|0]1 17165|26| 7 | 2|73|60|12(41| 3| 3| 2
91/ 90| 0| 0])9|8|2|0]|8|27|57|79(13|1|0]|O0 5190| 8|2 |0(f91(62|5 (41| 2|2 |1
8020/ 0| 0| 0])9|5|5|0]|9%|15/70|8 15| 5| 0|0 0] 09| 5|5|0]9|5|0(5|0|5]|0

323




IX. Ocean and deep ocean floor observation research technology

1. Questions regarding the relevant area

1) Degree of expertise in the area

2) Current impacts

Somewhat
_— . Small
High Moderate Low [Increased Contribution of the relevant area itself to "a;ge 'afgle Mulderale 'Ina NT"Q
intellectual assets] ~ increased intellectual assets A
Contribution to the development of other
fields l v | L '
[Economic impacts] Contribution to the development of | | v | |
existing Japanese industry A
Contribution to the creation of new
o industries or businesses L : 2 L !
[Social impacts] Contribution to safety and security | l v | | |
A
Contribution to improved social
vitality and quality of life ' ' A ¢ ! |
2. Questions regarding topics
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3) Expected impacts at the medium term 4) Japan's current R&D level 5) Japan's R&D level five years ago
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X. Space, ocean, and Earth technology for a safe and secure society

1. Questions regarding the relevant area

1) Degree of expertise in the area  2) Current impacts
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3) Expected impacts at the medium term 4) Japan's current R&D level 5) Japan's R&D level five years ago
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XI. Space, ocean, and Earth technology that drives science and

technology innovation

1. Questions regarding the relevant area

1) Degree of expertise in the area

2) Current impacts

Somewhat
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Contribution to improved social
vitality and quality of life l Ly | L !
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3) Expected impacts at the medium term

4) Japan's current R&D level

5) Japan's R&D level five years ago
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Degreehof Importance Time of technological realization
expertise to Japan
i
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= 2 B
R g 2ls
Elz| |e 3 IR gl
. 2|5 |slS|=zlelz|slSlz|2[8]]|88 |8 ol =
No Topic 8 s [2|8|3|s|=|[2(g[a|s|=|. L] 1].1 ) | 2|8
= S [Tleld|zlsE|T| o2 |Z2]a81T]8 Q S 5| <
o aQ = = Sle|lo|o =1 =1 c| o
2 SN 3 39 =|a
04 < g
(%) (%) (%)
Marlnefarmsthatcarr.yout.optlmal environmental 1 00 | 8l14l78] - |60l31l51]15] 3 4|13
management by adopting biology technology as well [
70 |as a broad array of engineering technology. 2 108 | 3 |18|79| - [63|30|61| 9| 0 0|1
E 3 |100{ 0| 0| -[83[67[33|0|0 0|0
Methane hydrate mining utilization technology. 1 | 124 |10]27163] - |79]63|28] 6| 3 N 112
71 2 (1185|2471 -|88|78(17| 4|1 32
E 6 100/ 0| O| -|75|60|20|{20| O o 17| 0
Technologytogr_owbacteriat_hatbreakdown chemical 1 76 | al28lesl - |es!37!51]11] 1 3116
substances that disrupt endocrines and other
72 lenvironmental pollutants. 2 89 | 3|17|/80| - |63|30(63| 7 |0 0|5
E 3 |100{ 0| 0| -|67[33[67| 0|0 0|0
Establishment of quantitative models for ocean 1 | 122|121 2a6a| - |62]34]2a7]18] 1 3|13
ecosystems.
73 2 | 1216 (19|75 - [60|26|64| 9|1 2|3
E 7 |100{ 0| 0| -8 |71{29| 0|0 0|0
Saltwater engines that remove oxygen and hydrogen 1 83 | 51171 78| - |62/36|43| 16! 5 8 | 19
form seawater and generate energy.
74 2 [ 92 2| 7]91|-|61|28|61| 9|2 415
E 2 |100{ 0| O | - |25/ 0|50 0|50 50| 0
Three-dimensional autonomous navigation systems for( 4 o6 | 101250 65| - |55 26| 46|24 4 ol g
water vessels.
75 2 | 104 |7 |17]|76| - |54|15|70| 15| 0 0|1
E 7 J100{ 0| 0| - |71|43|57| 0|0 ot 0|0
Wirelesscc_)mmunic_ationstecl)nologythatworksover 1 o1 |131221 65| - | 58|20 46241 1 6 | 11
several horizontal kilometers in seawater to enable
76 |smooth performance of underwater work. 2 102 |10 13| 77| - |[57|20|69| 10| 1 2|2
E 10 (100{ O | O | - |70{40|/60| O | O o 10| 0
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