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Blue Planet Prize Commemorative Lecture
October 31, 2013

At United Nations University

Looking Back at Research Projecting
Global Warming and Climate Variance in Japan
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@ Global Warming Science and Social Recognition

(Until 1970s)

@ Social Recognition of Global Environmental Issues
and the Expansion of Climate Change Prediction
Study (After 1980s)

@ Convective Rain in Summer and Its Futures as a
Characteristic of Japanese Climate (Recent studies)
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@ Global Warming Science and Social
Recognition

1950s — 1960s
Prehistory of Global Warming Issues
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Abnormally Cool Summer and Hot Summer in 1954 and 1955 in Japan

Abnormally Cool Summer in 1954
It was pointed out that dust generated from the first thermonuclear test in
the Bikini Atoll in March 1954 affected the stratosphere and possibly led to

Different from the annual average between 1981 and 2010 (Degrees C)
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Less rain in the rainy season and hot
summer in 1955

Someone published a report that the
increase of CO2 extinguished the rainy
season in Japan.

\Aiwso 2000 2010
b

Senior students at the University of Tokyo, Department of
Geophysics explaining the possibility mentioned above at

the school festival held in May 1955
Charts exhibited show the distribution of pressure
deviation after volcanic eruptions, and other events.
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Numerical Weather Prediction: Forecasting future weather
phenomena utilizing physical equations.
Divide atmospheric air (ocean, and

land) into three-dimensional grids Calcglate the t.em.poral char.1ges In
(discretization) physical quantity in each grid.
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temperature, and wind.

This will lead to a predictive model for climate and global warming.
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In the Late Half of the Prime Time of the Numerical Weather Prediction (NWP) Research
in Meteorology
Enrolled in graduate school in 1957/ Jained the Meteorological Agency in 1959

and worked with the IBM 704 data processing system. .
Program seminar at IBM Japan (1958)
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Global Warming Science and Society: 1950s to 1960s

*1957 & 1958: International Geophysical Year (IGY)

Artificial satellite launched (Sputnik in the Soviet Union), Antarctic exploration
(Japan), stratospheric observation with radiosondes, infrared ray radiation
observation (Meteorological Agency, Tohoku University), Ozone layer
observation (Tohoku University, Prof. Masayuki Tanaka)

R. Revelle and C.D. Keeling of the Scripps Institution of Oceanography (U.S.)
started continual monitoring of CO2 at Mauna Loa on the island of Hawaii.

" 1956 & 1957:
[G. Plass] Reconfirmation of the CO2 Greenhouse Effect and Ice Age Theory
[R. Revell and others] Objection and disapproval of the Ice Age Theory
(CO2 exchange between the atmosphere and ocean)
[Dr. Mananbe] “I still agree with the Milankovitch theory.”

" 1960s: It was clarified that the northern hemisphere (or the entire earth)
was cooling down.
1962 & 1963: Various regions in the northern hemisphere encountered intense cold.
Sanpachi heavy snowfall observed in 1963 in Japan.
[Budyoko, Michell, et al.] Analyzed data and showed the cooling of the climate
in and after the 1950s.
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Global Warming Science: 1960s — Early 1970s

» Observation of the atmospheric level of CO2
Monitoring changes in concentration — C. D. Keeling
Observation of temporal and spatial changes — Bert Bolin (1963 etc.)

>AThe basics of global warming theory — Studies carried out by Dr. Manabe

* | Atmospheric air temperature structure theory = Radiative-convective equilibrium
(Manabe, Strickler, 1964)

* | Temperature change due to differences in CO2 concentration
JManabe, Wetherald, 1967)

» Numerical modeling of climate and its changes =
the group of Geophysical Fluid Dynamics Laboratory (GFDL)
* Global atmospheric circulation model including water circulation

(Manabe, Smagorinsky, 1965, ...)
* Simulation of climate utilizing the coupled ocean-atmosphere circulation model

(Manabe and Bryan, 1969...)

» Numerical experiment on the effect of increased CO2 on climate on the earth
with idealized geographical features (Manabe, Wetherald, 1975)




ARREDREMRE

EOLTIOED gl B}
'CL\%)O)i‘)\’P I HPfEE
[EFZOTHEY | REBERE
S e ) Mt Mol
&l 8
'€ 40} -
=,
3
E B
<
20+ -
......................................................................... NRERE |
it i B
O . 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 - 1 1
200 250 T 300
Temperature [K] 15°%C
Vertical Structure of Air Temperature
60 - -
Classical Problems me§03phere 1
in Meteorology b stratopause |
‘€40 -
=
[}
©
2 [ stratosphere |
<
20+ -
......................................................................... tropopause |
troposphere |

O — 1 ! 1 L 1 1 1 I | 1 1 1 1 - 1 1
20 250 T

Temperature [K]




[ARPOTRANMBISHTIRDDETLTRENERR
(Manabe and Strickler, 1964)

I N N N T I |

—(50)
2,3
—(40)
:a Ny
7 U.S. STANDARD ATM.
€ 10+ / --(30)E
w il/THERMAL EQUIL, (NO CLOUDS) X :l
14 { [
) f}LTHERMAL EQUIL. (AVG: CLOUDS) o
? i m
& ! 3
o f —(20) =
I
100 4
!
F CLOUDINESS
H=—— (,228) _(10)
" . M—(.090)
‘-.‘tw (.313)
1000 111 T TTTT T TTIT- ©
180 220 260 @ 300 = 340

TEMPERATURE (°K)

F16. 8a. Dash-dotted and dashed lines show the thermal equi-
librium of the atmosphere with and without cloudiness. The
critical lapse rate for convection is 6.5 deg km™. The cloud
amounts and cloud heights are shown on the right hand side.
The solid line shows the U. S. Standard Atmosphere.

First and Conclusive Theory of Classical Problems in Meteorology
(Manabe and Strickler, 1964)
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F16. 8a. Dash-dotted and dashed lines show the thermal equi-
librium of the atmosphere with and without cloudiness. The
critical lapse rate for convection is 6.5 deg km™. The cloud
amounts and cloud heights are shown on the right hand side.
The solid line shows the U. S. Standard Atmosphere.
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Role of Individual Component in Radiative—Convective Equilibrium

@ Earth surface temperature would be 10 degrees C lower without CO2

i I iolet absorption by the ozone layer
@ Stratosphere has a;.glgh’t?r?pferfat'l:r[e-lbtlaclalfs? <|>1"Iultr|a—1\/lloleI :’il o a ' % y

/f" ' “|-(40)
_ 10- (30)
.
E >
t g
3
? (205
4 00 a
@ | HyO 3
H,0+CO3 7
H20+C02+0 —(10)
b
L S L o o

. 100 140 180 220 260 f)
i TEMPERATURE (°K)

Approx. 10 degrees C higher due to CO2
F1c. 6¢c. Thermal equilibrium of various atmospheres which
have a critical lapse rate of 6.5 deg km™. Vertical distributions of
gaseous absorbers at 35N, April, were used. Sc=2 ly min™, -
cos=0.5, r=0.5, no clouds.
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Radiative—Convective Equilibrium Theory by Manabe & Wetherald (1967)

2.3

Change in equilibrium temperature
(ground surface) along with the
change in CO2 concentration

Cco2 Water vapor | Relative
concentration | volume temperature ié‘
(ppm) (fixed) (fixed) -

150 289.80 286.11 %_

300 291.05 288.39 g

600 292.38 290.75 T

N
.

A doubling of the CO2 level raises N

surface temperatures by 2.4 degrees C.
(Based on an assumed absence of

change in relative humidity) ool 4 01 ou o
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The validity of current global warming theory remains unchallenged.
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1960 — 1970s Climate cooling and change
while global environmental issues began emerging
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1960 — 1970s Climate cooling and change were in the news

» 1960 — First half of the 1970’ s: Anxiety about climate cooling in the northern hemisphere.

It became possible to analyze data for the entire planet traced back to around 1990.
— [t revealed a downward trend in temperature from a peak in the 1940’ s to 1950s.

Budyko and Mitchell et al. demonstrated climate cooling in and after the 1950s through data analysis.

* Unusually low temperature, southward movement of ocean ice in the Atlantic Ocean,
cessation of deglaciation, etc.

+ Severe coldness in the northern hemisphere (San—pachi Heavy snowfall in Japan too)
in 1962 and 1963

» Cause of climate cooling unknown, or thought to be lowering of solar activity (peak in 1960)
J. Eddy introduced the Maunder Minimum theory.
— Development of the NCAR climate system model
Recent skepticism about global warming (Henrik Svensmark): Dickinson (1975)

*Possibility of reducing the amount of solar radiation due to air pollution throughout the world

» Increasing interest in unusual weather in every corner of the world

The Meteorological Agency published its Unusual Weather Report Vol.1 in 1974.

15



PHENDRER[EADELDMSEIASIEZESOMRZRAIC
BEER[ENBRI-DITTIIEL EEPEFEBDILKT
HENRKEOFELF IR L TERIZEHT-

TIL=—=3,FDEENINEIRV, 165E/TTEDER)
TLaRyay,

=Ry

KIELO—L KA BROZ ET M-

RELRFEI[ROEHRICENLSIF—T—FOREFRITIRRD
HRBBAICE DN S RS0 =, (TOF R IELUEER)

IIN=—=a,FEEICEALTE. [ XE - EBEEESATL
DIRDEL I ELTHYERIIEATTIYVTHES LT

LHL. ZLOBADSIEEEIDAH=—XLIZDUI\T:
BELETIVICKDFRIIEKARRSTER

» Increasing social interest in unusual weather accelerated research on
short—term climate change

It is not because unusual weather increased, but because society became
more sensitive to climate change due to the expansion of industry and living
sphere.

El Nino and its influence (El Nino in 1972/ Severe coldness in 1976 and 1977)
Teleconnection,

Atmospheric blocking,

Global climate regime, multiple equilibrium of the atmospheric circulation, etc.

The frequency of research on the phenomena related to the keywords listed in the
explanation on unusual weather being carried out has increased.

(in and after the 1970s)

The influence of El Nino was considered behavior explained by the coupled ocean—
atmosphere circulation model, and the modeling proceeded.

However, the majority of climate change mechanisms have yet to be completely
understood and prediction models have yet to be completed.
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World Climate Research Program (WCRP) — A new trend in meteorology and climatology

@ Global Atmospheric Research Program (GARP)

In the 1960s, numerical weather forecasting had become possible with the advent of electronic
computers while weather observation by satellite had become a reality.

= Establishment of a forecasting system that monitored weather with satellites and simulated weather
with computer model atmospheres. Between 1967 and 1979, the system was actually used.
(Weather satellite Himawari was launched.) = Realizing current weather forecasting

Data on long—term changes in weather and changes by year (cool summers, warm winters, etc.) are
analyzed by computers using physical principles, the same as numerical weather forecasting, for
accurate forecasting.

Next goal is to forecast climate change
€@ World Climate Research Program (WCRP)
Initiated in 1979 by the World Climate Conference Since 1979, it has been implemented.

* Long—term weather is determined not only by the atmosphere, but also by oceanic influences (e.g. El Nino)

= Oceanic influences and conditions on the earth’ s continents are also calculated utilizing physical equations.

= Mechanism of changes in the climate system includes the atmosphere, oceans, continents, and flora.

Keeping global warming and other environmental issues in mind; however, focus on the clarification
of climate change mechanisms.

e If we can establish a climate system model, we can apply the basics to global warming forecasting.
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Climate, the average of weather phenomena, is influenced by

Climate System changes in the atmosphere, oceans, and conditions on the continents.

4 |

Scattering and absorption of sunshine by .
trace gas, aerosol, and clouds in the

atmosphere
Earth radiation  Solar radiation

. Water transport/
Heat exchange between the Heat transport
atmosphere and ocean ice

Snow
Heat exchange between the Stress by wind
atmosphere and the ocean

Sea water +
[

Surface current

Snow ice

%/%/'%ﬁ

In order to forecast climate change, it is necessary to expand the weather forecasting model and
calculate future conditions based on the principles that control the changes in atmosphere, oceans, land,
and snow and ice.
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In 1970s, global environmental issues appear as a warning from science

1971:  Man’ s impact on climate (MIT Press) is published.

1972:  The United Nations Conference on the Human Environment discusses global warming issues.

1972:  The United States Department of Transportation (U.S. DOT) starts an evaluation program
to study the impact of nitrogen oxide (NOX) emitted by supersonic jet aircraft on the ozone
layer (pointed out by P. Crutzen et al.)

Matsuno gives the keynote speech on stratospheric dynamics at the first meeting.
Ogawa develops an ozone chemical model.
Plans for supersonic jet aircraft are discontinued due to other reasons (Financial issues?)

1974:  Possibility of decreased ozone layer due to chlorine contained in CFC (Rowland, Molina)
Drastic progress in research on the chemistry of stratospheric atmosphere conducted by
NASA and other institutions

1979:  Charney Report on global warming published by the National Academy of Sciences (NAS)
With doubled CO2 AT =3°C *+ 1.5°C
Determined by the results revealed by Manabe (GFDL) and Hansen (GISS)

Global warming science in Japan :

In and after the 1950s: Prof. Yoshikazu Yamamoto at Tohoku University
Fundamental studies on CO2 infrared radiation

In the 1970s: Prof. Yoshikazu Yamamoto, Prof. Masayuki Tanaka
Scattering of sunshine by aerosol — Climate cooling?

In 1979: Prof. Tanaka and others: CO2 monitoring and outdoor observation starts in Sendai.
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What was happening in Japan during the era of
breakthroughs and changes in meteorology of

the 1960s and 70s?

= The starting point of activity aimed at
developing a modeling research center
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® 1960s: The advent of electronic computers and satellites was a revolutionary change for
meteorology and weather forecasting.

@ In the United States, the basic research that supported such change improved significantly.

* The National Center for Atmospheric Research (NCAR) operated by the college association
was established with funding from NSF. (1960)
About 500 researchers and engineers

Large—scale research infrastructure, electronic computers, 3 aircraft, land for experimental
observations, etc.

* Smagorinsky, one of the members of Princeton University research group that produced
a numerical weather prediction system established a research institute in 1953 for future research

where Manabe and other researchers got together.

® Compared with the United States, European research on weather was slightly behind.
However, once unusual weather and global worming issues were brought up in the middle
of 1970s, some European countries established research institutes.

® In Japan

In response to the movement in the United States in 1963, young researchers discussed
future research plans (Sawada Committee).

A draft for the establishment of NCAR to be jointly used among universities was proposed.
The academic conference submitted a proposal to the government in 1965
(molecule science, information science and solid earth).

In 1973, Kyoto University requested a budget to establish the institute at Kyoto University;
however, the request was denied. In 1979, Kyoto University suspended its plans.

(In individual areas of research, high—level research continued.)
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Matsuno participated in the movement to establish the
NCAR proposed by the Sawada Committee.
g |

Aiming to conduct research on numerical weather and
climate modeling Meteorological dynamics theoretical
study encountered limitations. Research would not
proceed without using numerical solutions by computer.
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John M. Lewis

- National Severe =] *fﬂﬁﬂﬂ (&

Storms Laboratory,

noaver,, BFHE OEX.

Norman, Oklahoma
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Bulletin of the American Meteorological Society 51
|

An article published in the journal of the American Meteorological Society (AMS)

Aralysis of Japanese researchers who moved to the Uhited States for their research after World War 1l
Meteorologists from the

University of Tokyo: Their izhmor ::semhe(s tlhat l;::ked
A in the numerical wea
Exodu_s to the United States orediction study and IBM program
FO”OWIﬂg World War |l seminars moved to the United
States one after another.
John M. Lewis | Significant difference in research
- National Severe environment between the United
Storms Laboratory, States and Japan in regard to the

NOAAJERL, job and computers.
Norman, Oklahoma
 Senior researchers who moved to
' the United States played a central
role in research on numerical

weather and climate modeling.

©1993 American Meteorological Society

Bulletin of the American Meteorological Society 51
|
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Fie. 1. Scientific genealogy of Syono according to Takashi Nitta,
The * identiies those members of the genealogical chain who
emigrated to the United States. The names in brackets have been
added by the author in response to information contained in the oral
histories and letters of reminiscence. The lstis roughly in order of

senioriy (age of scientist) (— = :junior faculty; = == indirect
apprentice).
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WCRP, IGBP, IAMAS, IPCC,

Analysis of Japanese researchers who moved to the United States for their research after the Waorld War 1l

Shigekata Syono
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K. Miyakoda*
S. Manabe*
Y. Kurihara*
[Y. Nakagawa]
[T. Murakami]*
[K. Mohri]
T. Nitta
M. Yanai*

T. Takeda

(continuation)
*Meteorologists who immigrated to the United States

Fic. 1. Scienific genealogy of Syono according to Takashi Nitta,
The * idenfies those members of the genealogical chain who
emigrated to the United States. The names in brackets have been
added by the author in response to information contained in the oral
histories and letters of reminiscence. The listis roughly in order of
seniority (age of scientist] (— = junior faculty; = == indirect
apprentice).

The oldest Japanese meteorologist

" who remained at a Japanese university

Conducting research on modeling weather
and climate in Japan!

WCRP, IGBP, IAMAS, and IPCC would have
come to bear a number of external roles.
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@ Social Recognition of Global Environmental Issues and the
Expansion of Climate Change Prediction Study (In and after 1980s)

 Establishment of a new research organization

* The “Earth Simulator” system and Climate Change Prediction Project
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IPCCE%II. FOVMEE=>CO28EHEIFIFOV B AE
89F TFIia-HIvh BEEEREMYLEIFS

894 WMOAY UiR—ILDFEZFEDFEESDH (AEFSN)
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In 1980s: Global environmental issues become international political issues.

1984: WMO + UNEP release a scientific report on ozone layer issues.
1985: Vienna Convention for the Protection of the Ozone Layer
1985: A hole in the ozone layer is discovered over the South Pole.

1987: Montreal Protocol restricting the use of CFCs is established.
(Reducing designated CFC production by 50%, the level before the hole in the ozone was discovered)
Beginning of 1988: Researchers from NASA (U.S.) visit Japan for meetings hosted by the Ministry of
Environment and the Ministry of International Trade and Industry.

1985: Scientific summary of global warming in Villach, Austria organized by SCOPE (Matsuno is absent.)
1988: Fierce heat in North America, Dr. Hansen states that the heat is caused by CO2 emissions.
Establishment of IPCC, Toronto Summit = Setting the goal of reducing CO2 emissions

1989: Arche Summit raises global warming issues.

1989: Scientific summary of WMO ozone hall (Matsuno is present.)

1990: The London Amendment, Abolition of controlled CFCs (CCl4, CH3CCL3)
Ozone depletion issues moving toward resolution.

1990: The 2nd World Climate Conference ratifies the 1st report of the IPCC. (Matsuno is present.)
Scientific facts of global warming confirmed

1992: The Earth Summit in Rio de Janeiro
The United Nations Framework Convention on Climate Change (UFCCC) is concluded.
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Sudden Stratospheric Warming

(Relation with the study carried out by Matsuno)

Only seen in the northern hemisphere,
not the southern hemisphere

= Ozone hole is seen only at the
South Pole.

Inter—annual changes of temperature
in the upper stratosphere
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Winter temperature increases by 30 to 40 degrees in a week
in the polar stratosphere in the north hemisphere, which
becomes higher than summer. At the same time, west wind
turning around the North Pole changes to east wind.

11121 2 3 4567 8 91018 |
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“Suddenly green Margaret Thatcher and
Suddenly green Soviet Prime Minister” - * - Gordon McBean
(WCRP,JSC Chair)

Why did scientific weather prediction some 100 years later
suddenly Become an international political agenda?

After the cold war structure ends, global environmental issues were
intentionally placed on the world leaders’ agenda to prompt discussion.
(According to Shohei Yonemoto)

= In response to the elimination of the threat of nuclear war, global warming
threat came to the forefront.

“Suddenly green Margaret Thatcher and Suddenly green Soviet Prime Minister”
= = =Gordon McBean (WCRP,JSC Chair)
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1987 JENEX I)L———3ERA %A
1988 JAPACS I JL——=3[FH

--1992 B;¥#7/8| (TOGA COREZ )
HhEKER AR 2 (FHAXKEXRH)
ADEOS 1 (1997), ADEOS2(
TRMM(1997 -2013--) Ehis (& R &7 8l

- Former Ministry of Education Former Science and Technology Agency

suoneziuesiQ yoseasay

syo9loud

New Movements of Research Organizations & Projects
in response to Climate Change and Global Environmental Issues

1991: Center for Climate System Research,
the University of Tokyo

1993/1994

Graduate School of Environmental Science,
Faculty of Environmental Earth Science,
Hokkaido University

2010 (Reformed)

Division of Climate System Research, Atmosphere
and Ocean Research Institute, the University of
Tokyo

1990 -1994
New program
Study on global environmental change
centering on Asian-Pacific region
Leader: Prof. Saburo Tamura
(Climate, atmospheric chemistry, ecosystem)

1997: Preparation for global change forecasting
(Originally planned for 2 terms with 10 years/ term)
Frontier Research System for Global Change
Space Development Agency of Japan (NASDA)
Japan Marine Science and Technology Center
(JAMSTEC)
Joint project
2004 (Reformed)
Frontier Research Center for Global Change, Japan
Agency for Marine-Earth Science and Technology
2009: Dissolved due to the reformation of the
entire agency

1987 Emergency observation of El Nino by JENEX

1988 JAPACS El Nino, etc.

--1992 Oceanographic observation (TOGA CORE
participated)

Earth observation satellite (NASDA)

ADEOS 1 (1997), ADEOS 2 ( )

TRMM (1997-2013 - ) Tropical rainfall observation
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€ Center for Climate System Research, the University of Tokyo

€ Graduate School of Environmental Science,
Faculty of Environmental Earth Science, Hokkaido University

& Frontier Research System for Global Change
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' New Program Imple ’ \
: Center for Climate-
| research on global

Prof. Tanaka . Prof Sum| N e Prof. Sustimu Kato,-
: ’ lonosphere Research laboratory,

/ ‘ ' ’” Kyoto University

(| -

| was engaged in research with Prof. Sumi, and provided support for Prof. Tanaka at Tohoku University.
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April 12, 1991: Center for Climate System Research at the University of Tokyo started operation.
Listened to the Dean of the Faculty of Science at University of Tokyo in a room in the basement
of the No.7 building.

The atmospheric model was made by transplanting the model developed for use in weather forecasting
at the Meteorological Agency by Prof. Sumi. The oceanic model was developed over a period of more
than 10 years by Prof. Suginohara and graduate students. The preparation was proceeding while | was
working at this faculty.
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Although it was a small organization with
four professors, four assistant professors,
2 assistants, 3 administrative staff,

the Atmosphere and Ocean Research
Institute became independent from the
university faculty.

In February 1992, the Center was relocated to
former Space and Science Research Building
No.15 at Komazawa Campus Il.

G [ 36 6 A1 B
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In March 1992, right after the establishment of the institute, an international workshop was held in Shimoda.

Discussed the future direction among the representatives of major modeling centers from around the world and domestic
researchers.
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1987  JENEX T)L=—=gRRE A
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Development of Models and Expansion of Modeling Research

* Prof. Kimoto was transferred from the Meteorological Agency to advance coupled
ocean-atmosphere circulation model development and made the base for
experiments on global warming and climate change prediction.

* Young researchers improved the oceanic model, and developed a sea ice model.

* Long-term integration of the high-definition atmospheric model including the
stratosphere under ideal conditions. Prof. Takahashi succeeds with the world’s first
replication of the quasi-biennial oscillation (QBO) in the stratosphere around the
equator.

Expansion of the Ocean Observation Project & Earth Observation from Satellites

1987: JENEX Emergency observation on El Nino
1988: JAPACS Oceanographic observation including El Nino
--1992: (WCRP subprogram — TOGA CORE) Japan'’s first full-scale field program

organized by Prof. Sumi.

Earth observation satellite (NASDA): Prof. Nakajima analyzed new satellite data. Clarified
aerosol distribution and micro properties.

ADEOS 1 (1997), ADEOS 2 ( )

TRMM (1997-2013 - ) Tropical rainfall observation satellite —

Prof. Tsuyoshi Nitta as a principal investigator from the Japan side
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SOME CONSIDERATIONS REGARDING UCARBON BUDGETS
BASED ON SIMPLE OCEAN MODELS
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Carbon Budgets and Stabilization of Carbon Dioxide Levels by a Simplified Oceanic Circulation Model
Master’s thesis of my student, Mr. Kiyohito Tanabe (1993)
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ng diffusion model ;

Internal conflict in the simplified oceanic model
developed by IPCC FAR

=Two-dimensional upwelling diffusion model
= Applied to stabilization

SOME CONSIDERATIONS REGARDING UCARBON BUDGETS
BASED ON SIMPLE OCEAN MODELS

Ty

Taroh Matsung
Graduate $choe] of Enmaronmental Earth Science
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Center for Climate System Research started its operation at the basement of the School of
Science, the University of Tokyo with only 3 professors and 3 administrative staff.

In autumn 1994, the Center grew larger with 20 teaching staff and approximately 10 students in the master’s program.

Donation from Itochu Corporation contributed to the growth of the research division.

4 b | AGTRII : Y

Teaching staff at the farewell party for Matsuno (moving to Hokkaido University) in September 1994
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I )
The Division of Atmosphere- Ocean and CIimate Dynaniies, '

started in Ap 4.

The Division of Atmosphere-Ocean and Climate Dynamics was filled with the energy of
more than 10 frontline researchers from Japanese universities and overseas who came
here as lecturers to augment the core teaching staff from the Institute of Low Temperature
Science, and Faculty of Fisheries. It gathered many students from throughout Japan.
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=Lunch time Oceanographer
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Specialists in the fields of atmospheric and oceanic research got together
and have a close relationship = Lunch time Oceanographer

South Pole - N North Pole

Lokt Simplified
10~20 years ) gIObaI ocean

— cycle diagram

A A A Thermohali
Circulatio

Upwelling Flow

Deep Water

'} Lower Layer Water
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Ms. Yoshie Maeda’s master’s thesis: Simplified ocean cycle model used for global warming prediction (1998)
(Graduate School of Environmental Science, Faculty of Environmental Earth Science, Hokkaido University)

HILDA model (Original form of Bern model)
Dk &, EEAS (Interior) TIX, b L—4— é@!ﬁﬁﬁ%ﬁ@ﬁ%m(z) Eta

&, RFEIDL,
Split the polar zones from the ocean cycle to assume

(F di
:fiz) é‘(x) ¢(¢1(z) = éup) + Si(x) =0 an average upwelling speed by the ocean cycle.

FRYLD, TIT, m:maxomm L—H—Offl, 5= )sm#msm
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z

LATITUDE

B 3: HILDA €7 VO8RS

Average upwelling speed: w=0.6 m/year (HILBA) GEOSECS iz & 5 AF#MDANC (Broecker and Peng, 1952)
14C concentration distribution

Generally used speed: w=4 m/year
in the Pacific Ocean

Why are they so different?
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Considering that the upwelling speed (w)
changes in vertical directions, horizontal
flow at the seabed requires time, which
matches the actually observed old water .C

Unrealistic .C Level on the Seabed
Caused by Setting the Upwelling
Speed (w) at a Constant Speed
(regardless of the depth)
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Distribution of upwelling speed (left) that explains the
Distribution of average 14C in the Pacific Ocean (Right)

We obtained the data of the upwelling speed distribution in
the Indian Ocean and Atlantic Ocean. However, these data
were insufficient to develop a simplified ocean cycle model.
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Frontier Research System for Global Change

Former Science and Technology Agency:

NASDA carried out earth observations under the umbrella of the Science and Technology Agency.
JAMSTEC began expanding oceanic observations.

The results of those observations contributed to solutions for climate change and global
environmental issues. =

1996-97:

Discussed by the Council for Aeronautics, Electronics and Other Advanced Technologies, Global
Science and Technology Division Compiled a report “Toward Realizing the Prediction of Global
Change”

6 Targets
Prediction of climate change

Prediction of water circulation change Clarify the individual processes (process research)

d devel del f dicti
Prediction of global warming and develop a model for prediction

Prediction of ecosystem change
Y 8 In 2000, became independent as another frontier

1.
2.
3.
4. Prediction of atmospheric composition change
5.
6. Prediction of changes in inside the earth study.

Frontier Research System for Global Change ... A joint project by NASDA and JAMSTEC

43



EK OO TATHEATLODFEZRE 19974 10H

- e — .
e . o
; b\ b2 “ . ‘

JAMSTEC
THESZR

Establishment of the Frontier Research System for Global Change
October 1997

r. Hirano, f
JAMSTEC Chief Birgct@l
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Frontier Research System for Global Change Symposium
Initially 4 research fields + IPRC and IARC collaborative programs

1998: Atmospheric composition: Prof. Akimoto, Chief
1999: Ecosystem: Prof. Yasuoka, Chief = Dr. Wada
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Modeling Research at the Frontier Research System for Global Change
- Climate change prediction for IPCC and the policy for new model development —

® Experiments for global warming prediction: Develop a coupled atmosphere-ocean-land
general circulation model in cooperation with the University of Tokyo Meteorological
Research Institute and National Institute for Environmental Studies (NIES).

® Develop an earth system model utilizing the strength of the Frontier Research System
for Global Change that holds a wide variety of biogeochemistry specialists in
atmospheric composition and ecosystem.

® Development of high-resolution atmospheric and oceanic models fully utilizing the

capability of the earth simulator.
Atmospheric model was to be developed to show tropical cloud clusters on a direct grid.

In addition to the specialized research in each field, it is essential to create
distinctive characteristics as the Frontier Research System for Global Change.
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Earth Environment System Diagram

Biogeochemistry system:
No model was developed yet.

Physical climate system:
A model was already developed.

Stratosphere » N\

T

Atmospheric
Chemistry Model

Substances

Volatile Organic H20
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\\\\\\\‘ “ A‘ .‘ : Ice Sheet
Organic T
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Non-hydrostatic ICosahedral Atmospheric Model
NICAM:20054E(Z5ERE S4EMEI1H SRME—

Development of the World’s First Global Cloud-System-
Resolving Model utilizing the Earth Simulator’s Capability

Conventional weather forecasting & climate model: Grid spacing — 100 km

o Directly calculate extratropical storms, frontal clouds
and rain. Fe
o Convection clouds (towering thunderclouds) that are
smaller than the grid

Stability = T (top layer) — T (lower layer) will determine
the generation of towering thunderclouds and
precipitation =Parameterization

[Weather Forecast] ‘ 7
Due to the cold air entering into the air, the atmosphere 100km
will become unstable, and bring strong rainfall.

Global Cloud-System-Resolving Model T

J'..'.... y

Tropical convection cloud system y—
Directly calculate clouds clusters y 7/ <
Application of meso-scale mechanism with fine mesh

7
Non-hydrostatic Icosahedral Atmospheric Model ....'.".
NICAM: Completed in 2005/ The only one in the world for 8 years
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The World’ s Largest Supercomputer

“Earth Simulator” and the Experiments of Global Warming
and Climate Change Prediction Utilizing it
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Supercomputer & Meteorological and Climate Research and Prediction

€ Research on numerical weather and climate modeling: The maximum amount of
calculation among all scientific fields
GFDL: A small number of researchers use the world’ s top class computer
Electronic computers made in Japan: Far behind the global standards until the 1970s
Meteorological Agency: Acquired Japan’ s largest class computer, which was mainly for industtrial

use rather than research
Universities: University computer centers had top—level computers in Japan shared by thousands

of people.
€ 1984: Meteorological Research Institute was moved to Tsukuba and specialized research

computers were installed.
@ 1990: Independent predictions from the Institute somehow made it into the first IPCG report.

(Dr. Tokioka and others)

@ 1990: Expansion of global warming issues + Increased trade friction related to supercomputers =
NIES and the National Research Institute for Earth Science and Disaster Resilience (NIED) procured
large supercomputers.

* 1995: IPCC 2nd report: By the Meteorological Research Institute using the computer installed at NIES,

resulting in the same type of calculations performed by other groups.
* 2001: IPCC 3rd report: Meteorological Research Institute and the University of Tokyo CCSR made
predictions using their respective models, which were a little behind the global mainstream.

* Researchers dispatched from the Meteorological Research Institute to NIED: Use of the computers
exclusively resulted in excellent achievements.

Plans to install the world’s largest supercomputers in Japan!
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The World’ s Largest Supercomputer — Earth Simulator —
Development was determined in 1997/ Completed in 2002/ Budget: 40 billion yen

A parallel/ vector supercomputer system consisted of 640 processor nodes (PNSs)

Each PN is a system with a shared memory, consisting of 8 vector-type arithmetic processors (Aps)
(totally 64 G flops), and 16-GB main memory system (MS).

The Earth Simulator as a whole thus consists of 5120 Aps with 10 TB of main memory
and the theoretical performance of 40 T flops.

The Earth Simulator as a whole thus consists of 5120 Aps with 10 TB of main memory and the
theoretical performance of 40 T flops. Not all the APs work at the same time. Only a few % of Aps
work together. =  Target maximum effective speed: 5 T flops (12% of the maximum speed)

Actual record of achievement: 36 T flops = 90% (World’s record for 2 and a half years)
Even in general use = 30% (3 times faster than the initial goal)

1 G flops: 1 hillion times of arithmetic processing/ second
T =1000 times of G
T flops: 1 trillion times of arithmetic processing/ second
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Artist’s Representation of the Earth Simulator

Double Floor
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Earth Simulator System
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Project for Sustainable Goexistence of

Humanity, Nature and the Earth
2002 —2006 => IPCC 4th Report (2007)

Innovative Program of Climate Change

Projection for the 21st Century
2007 —2011 = IPCC 5th Report (2013)
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How to Use the Earth Simulator

1,000 times more powerful than existing computers

(The University of Tokyo Computer Center: 32 G flops)
10 times higher resolution in atmospheric and oceanic models = Grid spacing becomes 1/10

The highest resolution in atmospheric model of the world in the IPCC report: 280 km
Previous University of Tokyo atmospheric model: Approx. 500 km

= Target: 50 km (Actually 100 km)
(Coupled model) Ocean: Approx. 280 km = Approximately 20 km (Both target and actual)

* Meteorological Research Institute atmospheric model: 100 km*

= Target: 10 km** (Actually 20 km)
* Research model used by NIED
** Target determined by the Earth Simulator Council under the ES development plan project

The first parallel computer ever
Testing is only possible by the actual device due to the gaps in the calculation amount.

Japanese computers jumped to the world’s top from a place
which was a little behind the global mainstream!

57



AN-BR-#hEREETOO T (2002-2006F [E)

Bk 2L —3—FFIRAANRIFTA—)L B RFH.

Ry £ EH E5ILER BBE 4824 48
= A= piryES
HARSREEETI | KR - BF - RASEZEEY—. H
1-1 | ICEB2THESTIEE |BEEZEESSIE | 110km | 20km | MIRIEHE. /BIFHE4E -
(] TN WIKERIET OV T (7
RIMEEERORTE | AL BENHPRH. KBRS
1-2 | FVAZEEDE=HD | NCARFERE 160km | 110km | iZitz>% (NCAR) .
4505 F:8 T AKRISHER
RERER - K[HEKE | REREIR - K EEAE - ik O
2 |[e~D7—ENy o | SHR - SR | 280km | 140km | T« 7. EIIIREH.
FEUREZELTFE | HESETI RASEE Y —
21HEERICHIT5H | BEHEERTE K[URIT - [IRHF. H#hEK
BRRE(L. B4OR | A% - BEEE 20km B2 s, F
4 | ROZDFHE T — HIMZE MR EREE
Rt BEA
B 5km
R 560~ | 440~
IPCC%:/KFEF{E#E%% 280km 140km

Project for Sustainable Coexistence of Humanity, Nature and the Earth (2002 — 2006)

For the effective use of the Earth Simulator — Established a “All-Japan team” structure.

Resolution
No. Major Purpose Model Responsible Organization
Atmosphere Ocean
21st climate change prediction Coupled atmosphere- University of Tokyo Center for
utilizing the world’ s highest- ocean-land general Climate System Research(CCSR)/
resolution model circulation model National Institute for
Environmental Studies (NIES)/
-1 110km 20km Japan Agency for Marine-Earth
Science and Technology
(JAMSTEC) Frontier Research
System for Global Change
450-year prediction to Same as above Central Research Institute of
determine a stabilization NCAR development Electric Power Industry/ US
1-2 scenario after the Kyoto model 160km 110km National Center for Atmospheric
Protocol Research (NCAR)/ Kyushu
University Research Institute for
Applied Mechanics (RIAM)
Climate change prediction Carbon circulation- JAMSTEC Frontier Research
including the feedback to the atmospheric System for Global Change/ NIES/
2 changes in carbon circulation and | composition-climate 280km 140km University of Tokyo Center for
atmospheric composition coupled general Climate System Research
circulation model
Prediction of regional climate and | Atmosphere-land Meteorological Agency
daily meteorological phenomena | general circulation Meteorological Research
at the end of the 21st century model under the 20km Institute/ Advanced Earth Science
4 determined sea _ and Technology Organization
surface temperature (AESTO)/ Japan Aerospace
Same as above o Exploration Agency (JAXA)
m
Around Japan
560~ 440~
IPCC 3rd Report 280km 140km
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Researchers from the University of Tokyo CCSR, NIES and the Frontier Research
System for Global Change came together as a team to be engaged in very close
collaboration through the Project for Sustainable Coexistence of Humanity,

Nature and the Earth.
Leaders: Prof. Sumi and Prof. Kimoto

About 20 young researchers participated in the project
Revision of models along with the enhancement of the high-resolution level of the
atmospheric model
= More than 100 times adjustment of parameters (NIES & Frontier: Dr. Emori)
Changes in handling of the pole in the oceanic model
= Rotation of polar axis
Impossible to directly calculate the vortex effects with 20 km grid/ Sea ice issues

Due to the gaps in the calculation amount, it was necessary to use the actual equipment.
April 2002: The Earth Simulator started the operation officially, and soon after that it
became available for use. At the end of August 2004: The deadline of the calculation for
IPCC AR4 <& Very tight schedule

We encountered plenty of problems in our first experience conducting experiments
using parallel computing, but achieved the goals in a short period of time!!

Prof. Sumi said, “We had the gods on our side”  The Earth Simulator was three times faster
than the existing computers.
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Climate Modals and Their Eval
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Oceans Seen with the University of Tokyo CCSR Model: The meandering path of the
Kuroshio was made visible for the first time with the high-resolution 20km grid.

(First time among the models used for IPCC reports)

Climate Modals and Their Eval

Chapter §
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Extansion abtainay fovm & control expaniment foveed by pre-industrial conditns (C0; concentrafion 295.9 oom) using MRS, 2 Mires)
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Changes in the Number of Days with No Rainfall, Light Rain, and

Heavy Rain around Japan Calculated by 100 km Grid Climate Model
(1900 - 2100)

Number of days Number of days Number of days
with no rainfall with light rain with heavy rain
(1 mm/ day or less) (1-2 mm/ day) (50 mm/ day or more)
Days w/ no Rain Japan Days w/ 1-20mm Rain Japan Days w/ >50mm Rain Japan
trend= 10.4days/100yr trend=-13.7days/100yr " trend= 1.6days/100yr

0
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100
Year Year Yeor

100
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 210t ’0?900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

Both days with heavy rain and no rainfall increased
and the days with light rain decreased.
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Routes of the Tropical Depressions

Observation:
83.7

Current climate:
78.3

Decreased by
28%

Warmer climate:
54.8
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Mh 3% B KR h % 5% K ELE

0.644
Vsfc=6.7(1010—PS)

Lowest atmospheric pressure

MIN PS (hPa)

Simulated Central Pressures and Maximum Wind Speed
Relationships Seen in All Tropical Depressions under the
Current Climate (left) and Warmer climate (right)

Under the warmer climate, tropical depressions tend to become
stronger than ever.

PS—Vsfc RELATIONSHIPS #present PS—Vsfc RELATIONSHIPS *warmedx
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1010 1010
1000 1000
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MAX Vsfc (m/s) MAX Vsfc (m/s)

Maximum ground wind speed Maximum ground wind speed
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Vsfe=6.7(1010—PS)
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Innovative Program of Climate Change Projection for the 21st Century
(Innovative Program) during FY 2007 — 2011

Three models by purpose

1. Changes in global environment over an extended period of time (300 years)
Changes in vegetation along with global warming Changes in CO2
circulation along with climate change (changes in temperature, oceanic
currents, etc.)

Integrated Earth System Model

2. Thirty-year climate forecast
Ongoing climate changes such as El Nino
10-year scale changes
(A few hundred meters below the ocean surface exerts an influence.)

Coupled ocean-atmosphere general circulation mode.

3. Prediction of changes in extreme phenomena (typhoons, severe rain
storms, etc.) in 30 and 100 years
Numerical prediction under estimated ocean surface temperature and CO2
concentration
Numerical prediction model
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Innovative Program Structure - 16 issues
- Development and prediction experiments of 3 major models

Development of advanced element models

Dynamic global Long.-te.rm
vegetation model Z;i?:;:;“eg:al
L Global cloud

changes
imaging NICAM

Uncertainty quantification

Typhoons &
convective rainfall

Global Influence

coastal on major
disasters crops

Cloud zone
Changes in imaging CReSS

Oceanic physical Evaluation of effects & JERGEl

. besin zones
processes establishment of measures (Japan)

Flood risk in
Global water specific
disaster risk frangible Regional model
areas Summer in Japan
e & typhoons
Sophistication Near-future N

of oceanic climate change Prediction ofsehanges
model prediction in extreme phenomena

Uncertainty quantification

Uncertainty quantification
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€ How will the summer convective rain,

which is characteristic of Japanese climate, be?
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21:00 JST
28 JUNE 2009

Tropical Convection (Southern Hemisphere), Extratropical
Storms and Storm Fronts (Large—scale Systems) in Middle
Latitudes Observed through Satellite (MTSAT) Images

21:00 JST
28 JUNE 2009
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Innovative Program & Prediction of Changes in Extreme Phenomena

Two—step high—resolution imaging DPr. Akio Onitsuka
Representative, Meteorological Agency

Meteorologlcal Research Institute
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+1.5 degrees C QWiStronganTara and actual phenomena
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w—— Skm-NHM (Present Climate)
=== 5km-NHM (Future Climate)
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Comparison of 20 km and 5 km Grids
(Direct Calculation of Convective Clouds)

Frequency by rainfall amount (Wakazuki et al., 200)
—— 20km-GCM

Present Climate) |
m—— 5km-NHM (Present Climate) |

== 5km-NHM

—RA

Future Climate)
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1\  Black: Observation
\ Warmer climate (5 km grid)

107 '\
]\ Heavy rain increased.
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1 0-;_ : - The 20 km grid model did not -

. - capture all the heavy rainfall. -
0 10 20 30 40 ETheS km grid model captured
Intensity (mm/h) - actual state
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Changes in Rainfall in Japan Observed in the Global Warming
ExperimentsChanges in Distributions of Daily Precipitation
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Frequency of light rain decreased.

\

- == Current climate

— Warmer climate

Frequency under warmer climate/

- |ncrease .
Frequency under current climate
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Current climate

—
U1 Warmer climate/ O
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Frequency of heavy rain increased.
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Non—hydrostatic ICosahedral Atmosphere Model
(NICAM)

Generation of Icosahedral Grid

Grid division .G.".d
level 2 division
level 3

NICAMBAFEF—L
pEE XD A b
B AP RSEERER
—5— ik EA

Grid division

Icosahedron level 1

The world’ s First Global Cloud (System) Imaging Model
Non-hydrostatic ICosahedral Atmosphere Model (NICAM)

NICAM Development Team Grid division

Icosahedron level 1

Generation of Icosahedral Grid
Japan Agency for Marine-Earth

Science and Technology (JAMSTEC) I I

The University of Tokyo Center for

Climate System Resgarch (CCSR) i .G.ri‘d

Leader: Prof. Masaki Sato level 2 ""‘"5':’;'
eve!
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Madden Julian Oscillation (MJO)
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40~50H A HZ B RETHESE (L)
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Madden Julian Oscillation (MJO)

Madden Julian Oscillation (MJO) (Discovered in 1971)

Changes in Atmospheric Pressures in the Low Atmospheric Pressure on the Ground Moving
Tropics in 40— to 50-Day Cycles toward the East with the Middle of the Convective
Activity along the Equator

P (days)

i 1 A 1 L L L
o] 0l .02 03 04 05 08 or
f-{cycles per day)

Fic. 2. Individual variance tra for the 850- and 150-mb
zonal wind comy anundmz (sfc) pressure for the Canton

Tsland record. lthmic ordinate pcrmiu a constant

nc-.lmgtobeuudfotth clu cgress of freed -.l;\rl

analysis. This ?)/51] and the bundmd'.h the

nnalyln Aj-00081 n by the cross. ﬁxaral
d to u : (m sec™? day ).

They go around the equator over 40 to 50 days.
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IMTSAT=1R IRT 0GI22500,5T Kachi Univ,

NICAM (35km X¥321)
CiedZ2L—30

VM JAMSTEC/FRCGC

Observation with MTSAT

IMTSAT=1R IR 0612250057 Kochi Univ,

Simulation with NICAM (3.5 km grid)

R006-12-85
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IR 12/19/21 NICAM—-OLR 12/18/21
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IR 12/21/9 NIVAM=ULK 12/21/9

100 105 110 115 120 130 140 150 160 170 180 190 200 m

Satellite IR TBB (K) NICAM OLR (W/m2)

Bondo; One of the Twin Vortexes Generated in the West Indian Sea (Southern Hemisphere)
The vortexes in the Northern Hemisphere were weak and did not become tropical

1 NICAM=OLR 12/19/21

100 105 110 115 120 130 140 150 160 170 180 190 200 so 0 50 100 110 20 130 %0 o0 oo o Se s

IR 12/21/9 NICAM=ULK 1Z£/21/Y

100 105 110 115 120 130 140 150 160 170 180 190 200 m

Satellite IR TBB (K) NICAM OLR (W/m2)
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\\ﬁ] o VLM.J ’_{g%o;g%
~ 4Jyva Islang®. v,
DR
s 29Dec TFEETZT
" 14-days 2 Ja &
integration ;

Chtegory TS ;//

Isobel : Sl 2 alb—3y
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NICAM-OLR

Isobel: Observation and Simulation

Green: OBS(JTWC)

Red

1054

&

NICAM predicted the life cycle of Isobel
two weeks before its occurrence.

MJO and the associated western wind
on the land promoted the occurrence of
Isobel.

NICAM-OLR
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ATHENA project

200845 A ®mWorld Modeling Summit for Climate Prediction
%% (+Dr. Shuklah Kk ENSFIZIRE

IGES/COLATE1T (FEH :Dr. Jim Kinter)
SURETIV T DEMUESTRS-OFERDRA—/\—
aAVEaA—42—%FEUH. MOKEREEETILEED
B CERBREILDNRERILT S,

(ES-2[CPtid BarE1—42—4%&/37AEEF, )

NICAM 7km
ECMWEF IFS 10km
20095 — 10F&HICHEIT

v

ATHENA project

In response to the World Modeling Summit for Climate Prediction
held in May 2008, Dr. Shukla proposed this project to the NSF in
the United States.

Undertaken by IGES/COLA (Leader: Dr. Jim Kinter)

This project was undertaken to validate high-resolution imaging
effects on model performance utilizing specialized super
computers and the top-level imaging models produced by Japan
and Europe with the goal of promoting the innovative
advancement of the climate modeling.

(Using computers with the same quality as ES-2 for three months)

NICAM 7 km
ECMWEF IFS 10 km
Performed between autumn 2009 and spring 2010
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Strength of Climate Change Prediction in Japan

Japan is at a lower latitude and closer to the tropics than the United States
and Europe are.

Strait of Gibraltar 36 Degrees North = Tsukuba

London, Paris, Berlin 50 Degrees North = 2.5 Degrees = Sakhalin

Focusing on the phenomena in the tropics and monsoon areas in Asia to
predict changes.

El Nino in the Pacific Ocean = Monsoon, rainy season in Japan

Directly computing convective rain and Typhoon utilizing high-resolution
modeling

It’s highly challenging, but it is clearly vital to society.

In addition to Japan, therefore, this type of research contributes widely
to forecasts of the future climate of countries of the “south,” especially
countries of monsoon areas in Asia.
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It was a short period of time, but | enjoyed my time as a researcher.
Prof. Tatsuyoshi Sawada, Dr. Michiya Uryu (Assistant) and other young researchers
at Kyushu University Graduate School of Atmospheric Physics Study Group
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Prof. Akimasa Sumi who worked together to establish
the University of Tokyo CCSR, and my other colleagues
in Japan and overseas

In March 1992, immediately after the establishment of the CCSR,
we had an international workshop in Shimoda.

Discussed future directions with representatives from major modeling
centers of the world and researchers in Japan
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I would like to express my deep appreciation to the young researchers who worked hard
to achieve remarkable results in large projects, all the people who helped us improve
our research environment for global competition, and the outstanding staff who helped

our research.
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