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| am an old man ... going to talk
old stories...

... Once upon atime...



Climate change issues

Stern report (2006): Global warming of 2 - 3°C will cause damage corresponding

to 0-3% of GDP
Climate Change Adaptation Act, Japan (2018)

JMA new warning notice Level-5 (2019) : Residents in the target area are

encouraged to take immediate actions to save lives

2018 July: West Japan heavy rain, 200 dead

2019 Oct.: Super Typhoon#19, Category-5; 88 dead,
4000 in evacuation life

2023: Word record of warming “Era of global warming
ends, Era of global boiling has arrived ” UN Chief

S. Manabe won the Nobel Prize in Physics 2011: a
Physics Committee member said ‘Climate modeling is
physics’ in the press conference

Mabi town, Oda-river flood

Hokuriku Shinkansen super express
trains in the Chikuma-river flooding
i e BRI . B r
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(The Guardian Digital)

Prof. S. Manabe



Long winding road of EarthCARE mission

Boyle's law 1662 . . IUGG:100™" anniversary
Industrial revolution mid 17C Hadley circulation 1735 2019

Fourier, radiation effect 1824 IMO 1879
Arrhenius, global warming 1896
IGY 1957-58

TIROS-1 meteorol. satellite
960

UGG 1919 History o

PARTS PER MILLION

Sciences

il le

cooperation in atmospheric sciences

CO2 monitoring at Mauna Loa 1958 Graeme sent us an email for

CPR meeting 1993 May

Global warming GCM, Manabe,
W ng ESSP sat cost caps...

Wetherald 1975

Joint CloudSat-MDS/Atmos-B ~ Earth radiation
mtg 1997 budget, Ice cloud

Ozone hole, Farman
et al 1985

ESA Granada reviewl: Earth Explores
4 missions to two (GOCE, ADM) 1999

ERM

TRMM 1997
Crutzen, Molina,
Rowland: Nobel Prize in MTPE/TERRA 1999

Chemistry 1995 .
ESA Granadareview?2: EarthCare

selected 2001

Doppler
Aerosol and cloud

CLOUDSAT, CALIPSO 2006

Hurricane Katrina 2005 GPM Core 2014
Extreme We‘?_t_hr inerease Aeolus/Aladin 2018

Manabe, Hasselmann,
Parisi, Nobel Prize in

Physics 2021 EarthCARE launch




« Brown, P.R.A., AJ. lllingworth, A.J. Heymsfield,

B a_C k | n early 19908 G.M. McFarquhar, K.A. Browning, and M.

GOsset, 1995: The role of spaceborne
millimeter-wave radar in the global monitoring

« UK WCRP/GEWEX, 1993: of ice cloud. J. Appl. Meteorol., 34, 2346-2366.
Concept for a spaceborne cloud
radar system Concept for a

0

Spaceborne Cloud

200

Radar System

' Conclusion

Preliminary considerations indicate that a satellite-borne Cloud Profiling

Fig. 2 The disgram
shows greatly differing
vertical profiles of the
infra-red heating of
the atmosphere by a
complete overcast of
rloud with cloud-top
#t 125 mb, depending
on the helght of the
cloud base. (Slingo & 800 —
Slingo, 1989)
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ig 7 Time-height record fom 2 ground based 84 GHs (3mm) reder showing muitipie cloud layers (courtesy of Prof T Ackerman, Pennsyivania State University)



3D Earth Radiative energy Budget (ERB)

Schematic of construction algorithm

e Errorin two stream method: <
~10Wm-2 (Barker+, 2015)
b M e 3D effect: SW 200%~, LW 20%~
| o ' | (Marshak&Davis. 2005)
e Jakub&Mayer. (2016): 3D effect
helps warm cloud organization,
200 10 stream 3D RT in LES
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S0 T T T 1 L S __. Clear-sky obscuring effect
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: : : : f (@) Seeel =+ IPA 3D
30 PN SR, eIt e R (RN - (SNSRI SRR | BRI - R :‘_‘5”_ ‘“-\;_‘\‘-SlPA-a[)::-e‘;mi:m:zur
. $°f s
=20 f’_’_“"-“-t@:: = sl
§ 20 -*—w-”»'w—-—'-»—-”g»—- . %400 0 = 40'_': AT~ .40 m\m
S 1 %-zu I :“::—k_;:':\tk:
m 10 [ 15» . V 13 : 9 o | ISS photo -505 . Solar Zenith Angle [degree] B
0 Type'A .z ypet: L’"m"’“o 10 20 30 40 [ksn?]
A - " o sostion i)
®) ., —** IPA-3D

o

e o e e Upper-cloud A b -
-50 -40 -30 -20 80 ‘;/ 1-(; 20 30 40 50 roughened type, . -~ og=50
[Win=] bright sides

G E[AF”DA (600) — AF|pA(0°)] ’ "’ Solar Zenith Angle [dogree] ”

AFT70, SW [W/m?]

o N & © o

H =[AFtipa(6oa) — AFipa(603)] — [AFTipa(Bo2) — AFtipa(Bo1)] b T S T R )

ooz oon
Extinction coefficient [m-]

—--- IPA-3D
2 oemmmmmel SIPA-3D - 8,=10° —- 8;=20°

Low-cloud
roughened type,
light guide effect

0 10 20 30 40 50 60
Solar Zenith Angle [degree]

5
z Cloud Field

2.5

10 20 30 40 50
[km] [ e ——— H H ] [km]
o oo oo oo oo oor s oo

ooz aow
Extinction coefficient [m™1]

Okata+ (JGR’17) I



Aerosol characterization from satellites

AVHRR: AOT&AE 340nm UV-SSA | UV, Blue absorbing

] 1 ; 380
(Higurashi+, JC’00) 412m ?
MODIS: Deep blue .$
(Hsu+, JGR’13)
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POLDER, POLDER2,
PARASOL
(Herm_an+’ JGI?’,97’ SeaWiFS(412, 443, 670, 865nm)
Dubovik+, AMT’11) \ 4 | dch-method:
3D: CALIPSO Lidar Non-absorbing Higurashi&Nakajima
(Winker+, BAMS’10) CAI-2 (GRL'02)

Monthly maps of BC (ug m~) - MAN

340nm signature of
carbonaceous from GOSAT-2/CAI2
(2019 Australian forest fire)

GOSAT2.CAR-BC (Apr-2019)
o .

Fine (blue) and coarse aerosols (red) from NOAA11/AVHRR
(2 ch-method with 670, 865nm; Higurashi et al., JC 2000)

Validation of BC retrieval from
340nm, 380nm of G2/CAI2
(FOV500m) Gogoi+ (ACP 2000)

Shi+ (ACP19,
IEEETGRS’20) 8



Aerosol-low cloud interaction Interaction slopes:

21T
2000s: b(WLP)>0 2010s: b(LWP)<0 W =p, — N,~at, (Al)
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AVHRR ocean: +0.2 Satellite (A-Train): -0.05
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Charlson eds, MIT Press’09)



Cloud-aerosol interaction inconsistencies??? 10

NICAM-Chem model (14km) MIROC-SP

RINTARS GCM (300km)
~+O 1

(Sato+, Nature-C’18) ~-0.1
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(Michibata+, ACP’16)

Discussion started:
* Rosenfeld+ (Science’19)
« Sato&Suzuki (Science’19)

Causes???

» Horizontal resolution?

* Cloud & rain scheme OK?: DIAG vs PROG
« Entrainment, cloud top evaporation

« Sampling methods (time, location)

» Cloud scavenging region (clear bias)

* Ice cloud effect?
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Weak efficacy of BC
direct climate effect

Concept of Efficacy
(Hansen+, 2005)

dT/dR/ (AT J/dR()coy

Suzuki&Takemura (JGR’18)
Takemura&Suzuk (Sci Rep’19)
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Missing heat sink problem in global warming

Mitchell+ (Nature'95)

1.5 ' T
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RF to 2005
LLGHGs: +2.7 W/m?2
well understood

2000's: Direct: -0.3
(Larger BC)
Cloud albedo - -0.6
(Various & ice response)
2010’s:
BC direct: smaller
Cloud indirect: smaller
Current:

* Missing sink again from
vertical observation and
GCRM???

« Multi-layer and ice
clouds ???
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- What is the doom of absorped solar energy?
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parameters

e A decreasing trend of AOT in ISCCP
data: Mishchenko (Science’07),

whereas the cloudiness is very GPM
stable observations

(provided by
Prof. Takayabu,
Univ. Tokyo)

e Precipitation, rapid and then slow
climate system, and then
feedbacks?(Sherwood+, Rev.
Geophys., 2000)




Adventures continue NASA AOS mission

AOS is an
AOS-P wsieq) international
== Single-frequency Doppler Radar
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Conclusions

Atmospheric particulate matter impact on the
earth radiation budget significant, but still needs
studies for understandings and future projection

Aerosol, cloud and precipitation being linked
(EarthCARE, NASA/AOS programme)

3D and wide spectram data needed: EarthCARE,
Sentinel-5/3MI, GOSAT-GW, Global geostational

chemical satellites (GEMS, Sentinel-4, TEMPO)
etc

Validation and assimilation needed by high
resolution transport models, ground-based
networks, and Al technologies
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SER AT E R C A
- JAKE GYLLENHAAL

. OCTOBER SKY

BASED ON AN EXTRAORDINARY TRUE STORY

\

) e Tl |
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LAURA DERN

=l

WINNER-“BEST FAMILY FILM 1999"- broadcast Film Gitics Association §

Coalwood, West Virginia, 1957. Working in i

the coal mines is an inescapable 1 /ay of life ” |H

in this small town. When high schooler oMIZS79
0

Homer Hickam, Jr. (Jake Gyllenhaal) sees ——————

the Sputnik satellite in the night sky, he dares to break free of the mines
and reach for the stars. With the support of his teacher (Laura Dern) and
three friends, Homer sets out on an inspiring quest to build his own rocket.
Overcoming a poor education, a tough father (Chris Cooper) and a series
of misfires, Homer turns his dreams into reality in this incredible true story
of hope, determination and triumph. “You'll laugh with it, cry with it, and go
away absolutely loving it,” says Robert Butler (Knight Ridder News Service)

of the critically acclaimed OCTOBER SKY.

ALL-NE

EXCLUSIVE SPECIAL

OCI08ER SKY

|

2

55

* Aiming Hi?h: The Story of the Rocke
Hear the story of the real “Rocket Boys* os
Homer Hickom in his journey from a coal mining

* feature Commentary with Homer Hiti(nm

A GREAT MOVIE,

THAT WILL LIVE IN YOUR MEMORY FOREVER!"

= Larry King, USA TODAY

WIS UERARGEE” B IN

PLUS

© Theatrical Trailer

* Spotlight on Location ® Production Notes

 E. Raschke
 R. Kandel
« K. Terada
* A. Lefevble
* P.Ingmann
- P. Baptista
 T. Wehr

« H.Kumagai
 T. Kimura
* R. OKi

Thanks!
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