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1. BZEEM

CIHETORE (KELEHTINCET 2 R EEEBRICET 2578 BT, Fian
A% - BB L TV DRI O SEE T L MIROC & VT, 82 < OBIEER LTS = &
T, COL K 2 RARIREE DR EMEER AR CE 72, ARETIZ, ThETOMELRES
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2.1 FEKEFIARER (20019454 A1 B~11 A 30 A)
CPU Iff#] v _deb (T3 7 H) : 0.00 hours
v 32cpu  (H K 32CPU =27) :16,120.73 hours
v 96cpu  (FK 96CPU =77) :109,986.75 hours
v_160cpu  (F K 160CPU = 7) :0.00 hours
At : 126,107.48 hours
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St 7L MIROC6 Z AW T, ANTIR . BB A, AAERTT a v Vs kd 556
JSE 2 JH D EER A 1TV, CanESMS O FEBRFER L ik L=, =T AFEICIFA—/S—a P a—
ZEFAV, RA MEI 70y by R —R ETiTo 7,
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3.0

RUEIESE S, ANHRIR FIZ L > TED X I IZERR DO EFHRD 722, MIROC6 % W T, 4
ERIR 0 T ER AT, IO DERT =X Eg LTIcE A, CO, &7 Y LDOMT
SUBIEE N B 72 2 7207 Tl 7e < LB PESFERR TIXRBEE N2 L35 Z & 3o 7=, CanESM5
TH CO, &7 1 Y I)VORI TR N 72 23 % OIFREIZL DA T7 3 MIROC6 7 /L & K&
SHIpDZ ENbolz,
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AFRETIL, MIROC6 % VT, 2AMNBIN -, \EDRT A, ABEFRTT 7Y kT 55
ERREE A D BB 21T - 7=, BARMIIZIE. MIROC6 D RG22 R—% > b (AGCM) & HEE
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Project name:
Studies on dependencies of climate sensitivity to different external factors

April 2018 — March 2020

Project leader:
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Project members:
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Masahiro Watanabe, Hiroyasu Hasumi, Atmosphere and Ocean Research Institute, The University of
Tokyo

Toru Nozawa, Department of Earth System Sciences, Okayama University

Hyungjun Kim, Institute of Industrial Science, The University of Tokyo

Abstract:

To investigate the dependencies of climate sensitivity to different external factors, we performed
several sensitivity experiments using the MIROC6 model. We found that climate sensitivities are
significantly different between CO, and aerosols and vary with the time in the transient simulations. We
also compared these results with those of CanESMS5 and found that there are large uncertainties in the
forcing dependencies of climate sensitivity between the models.

Keywords:
climate models, climate projections, climate sensitivity
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EHE

AT CIL, RERHIEO KKIGYERET TV LR 2 IV 42 VT RRUBEIGE %
WU KRG E OBREE « [UFEEEZFHM L, & U ATk 2 RQVEYO =R ockEI B2
ERMNRHERZ ) LS, v VT ETENC X D KREIERDE DDA OB RGET 5 2 L & B
e Lic, MREETTYU T UAERPKE T L, SFEIX, KEET /L MIROC NFHIEF L LT
5 - AR OWBRICEAMICEY AT, MEEE CICEKEBICTHRTL2HLVWVITAZ U E
— a3 YOMEEUIENRSE T LW b OO iBEmEVKIEOEIG OKIIKTF D SA 7T AREETH Y |
ZIUC KV ERZE/NGHEST 5728, RS LTRBERNES T E R TW0e, ZH LA 7T
ADWEE B L, FROKE « BEIRRITIR DIEEA X — A0 BIE L &21T > 72130, O 28
WTF—2 ZTEHT 528 TRT A=A L=, T OFEE, CALIPSO-GOCCP f# 281 L 34
H7eiBEHAKFE OFEIGNRILTE D L5120 BEEOKFIA « SRESAIZ DN T HIERET L
& b URIEIZ BB ) B L7, 29 L7222 - B/KIRRRO BN, 76T 7 /L il KaFAm 6
M (142 Wm?) THDHTT 1YL - EFRAERICHE O A0S 5E%] /) (ERFaci) 23 KIEIZRED L,
BN X 2 HEEM (-0.63 Wm?) U1V ERFaci (-0.80 Wm?) #4532 Z LN AMREIC R o7, S 5HIT,
BrAFT— DO AILE S BAKOFZBBERBA~DORF552B23 572012, EOTA 794 7 )VEAfdb
T 5B QR FE A FEBIMIS < = L— 4 COSP (CFMIP Observational Simulator Package) (238 A L
Teo OV =& HWZET VOMELERROZENIC L0 | BAKTHRMAR X — A3 FEE I L0 R
2 XD EKDBRKRSNDEERIEIA 7 — VA RBE LS R TE WD Z ERHLNI -T2, ZH
X BN DL K ORIEET VD2 TN D | BEARBEEE O KFEAM B TREE O/ N S A 7 A %
Bk THAL DR N L > TARBEMICHRET D Z ENTE D2 LE2RTHRIRETH Y, BETT LD
IE A T ADOUGEITHK L TR THIS 2R G B v,

F—U—F:
K THRERAX—L, HEBHY I 2 —F%, RKBELWERETT L, BHFENKBEEEME (short-
lived climate pollutant: SLCP), =7 1> /L - ZEXEER, =7 vy VAR RN 7
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RRIGYEE I L 5RE - [UBE~DEEFHE
EHRLE -

Tk 28 4R~ R AFIE

R E RSP R e > 5 — TR
SRBIIER  ECESET IR et v 5 — b
ISP FPRRE -
YRR RTREEHIFER, ZTRHEHS - KPHHS - HA Thi Minh Phuc - FAFTIS - 7
X
HEERTANTE & 7 7 — S T m V= 7 b F— b B
BHIEREERFR o HEAT
PRAEAL P —T ¢ —7 A WRIF V=7 U L i RIS
VKA RIS L OB B AR TR R AN PR
HORER R SREEFHREOTIF Karkour Selim

1. BIFEERY

REIGGIFAEPRHTIZIR ST, BB 28z TR 2720, HRAZRELE 72> T 5,
FIoRKIGEEIT, RREREE L HIKBEIC OB L X 5 2 Mo Tl Y, REIGEWE Ok
H 2 RIS U U2 B A f 2 N3 5 72012, I CldkdE & KRG EHLIE RS H 2 (CCAC:
Climate and Clean Air Coalition) <° Future Earth & N> 72 [EFEHI 2B #A B H EoTns, FAET
TZNHDOEY IS LI T m =7 & LT, BREGEEMEHEE R S-12 23R8 26 42REIZ B
BEAL, MB O T U A ZRE L, 20T T U AT K DR - KU Hn &2 5 iE 7 L TfT -
T2, ZOX IR RO FTAMETIT, S-12 Vv v =7 bOSKMEFEEH S 588 O KGRI IAR
HIFERREIC SN L, BB O KRG Elins T 7 /L Lk x 2P0 U A& FVWT, KRR
Bl Ul RRUG Y E OBREE » KU EZFHI L, 427 A3t 2 KEUG GO = kookEiEIZ B
T 5 EREMRERZ N LS, v AT BT IVHERIZ LD KRKUGYE DA OFRBIME A RGEST 2 2 &
EFHME LTE, FHIAFEIL, ZNETOHRMREZEAT, [UETTANEFLLTODE -
AR EZ SR T2 LA ET 5,

F—U—F:
K THRBRAX— A, HEBHY I 2 —%, KKBELEWERRTT LV, HEMKEELEME (short-
lived climate pollutant: SLCP), =7 1Y/l « EXEER. =7 v Y VERIREETI T

2. A—,8— o — &K ER

2.1 EHEHEFI AR 201944 A1 H~11 8 30 H)
CPU IK§[H] v_deb (v 7 H) : 357.57 hours
v 32cpu  (Fx K 32CPU =7) :62,534.28 hours
v 96cpu (B K 96CPU =21 77) :1,384,304.38 hours
v_160cpu (F K 160CPU =217") :364,769.78 hours
At :1,811,966.01 hours
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2.2 FIFA#EE

AWFFEHE I, FAEENIS I = L—% COSP W&# S /- KR KGR £ /L MIROCversion 6
(MIROC6) & =7 1 )LE5 /L SPRINTARS 73454 L7- MIROC6-SPRINTARS E7 /L% FIZH
WTC, WA E AT T,

3. WFERER

3.1 B

Bl et 7 vici, BT & & ik U CEED R/ NI TH 5120, BKOHE - 58 0
BEE, BT v YL - ZFHAEH ORI I EIZREAI 723 T ADRHE I TV D (Quaas
etal., 2009; Suzukietal,, 2015) , Z#LiE. E - BKIZBIT 2 MR 2R AR L TV R B
BEINTZET VT FRENHNON TS Z EIZEKRT D, LM LBEAETIE, E - FBKIZETS
HENEREINTETNDD, ETAVHNTRETHE - BAKOIY VI X OENOITHED
R EGOEREFIEEZREOICEECT DT ENAREE 2D | AFEREICS W THH LW
E - BAKAF—LORBEHEL TE 72, £, KUEET VORFEFEVEDIRGEM BE & 7 2 i B8l
T —2ORMEEF DR T 5720, FEBHI L I = L—4% (COSP: CFMIP Observational
Simulator Package) |22 « K DFBRAZWT 2 MB OFHII A NV v 7 Z4AATe 2 & T, ET
Jb - BUAIE O )& % /i < R 2 HEE L 7=,

32 HRELEEW

TR VN RY =0 THIEEZ SNDHE - BARKOMYEBEROME T mE X (=7 r YL -
E - BEAFRALER) 13, FEREIED R  MBEDPEMECTH D7D, RERREET L (GCM) ([Z31T DK
RKOARMEENEFEFZD—> L 72> T5% (Quaasetal., 2009) , ZDOAREMZRFIKD—2IZ, BEKETH
TETIFR< . BWEKE LTHYHF-> TWDENETOND, 2 TAIFE TR, BoKkETHL,
F OB RSB EET 2 LT AZ VP — g VAR L. ERAAEL O GCM 23z %k
BN, T ARWRETHEEFH —-OENET D, ETVOFMBZHT- > Tid, REEEENT —% %
EHT 52 & CHIHET VOARFEFE R 7 v R CHINE 525 2 &£ ¢, FiEL-~ v TcomElbs
B, TOBRICAMNTIR 200, BT VN TREBII E RO Y N — V2 BBT 5, FHEE
M I = L—# COSP (Bodas-Salcedoetal,,2011) L\ 5 Y —LThHhb, LiL, E - KKkoOFZBREE
PWT H7-DIIE, BBV ART— W E T A — U U 72T O, @R fRRED ) D3 B
KEndel, ZEOBEIERZE - T2 ETOR MRy 7 EipoT, ZOMEEARE
BNZHERET BT oo LOX —7 > R D FRIBROZET A N v 7 % COSP IZfARiATe Z & T,
BT VMR oM L w7 ABROMEEZ BN E Lz, FEOETY 7k 2 —CH[EF|
AREZRY — L & L TCOZ=N—H LT WA AR 5 B0 f A% Sk L 7=,

33 MR
(1) MIROC6-SPRINTARSIZEIT 5ET LWE « AKX X —LDBZ & iR

BERN - BT 2 THMARE LTEALEZ &T, KREK - EAK - EKITMA, BN - BER250
L 72 KB BR D RFTEIFE RO LA K 0 SIS RBLT 5 Z L W ARBIC /e o 72, ZE - BEAK/RT A XY
P—ra v OEAEEFHBEL, KOPER—AR T o ARBANAGEIZR>T2—FH, W DOh
DIFETIINA T ANEAL U2 Z ENEFEE E TORETHBH LTz, B2, @@ HKREO
#4 (SLF: Super-cooled Liquid Fraction) DXURMKIEMEDSA T 2 & ZHUTEK T HEE&EDOHH
PYEDNRA T ATH D,
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MIROC6F#RE! MIROCG6F#HRE
(B8l ; Michibata et al., 2019a) (EFHE)
1 T 1 T T T
Ty Cﬁ\LIPSO — iy CALIPSO ——
@ Tropics = Tropics ———
= p.g HMid-latitude = pg FMid-latitude —
5 Arclic CED Arclic —
G Antarctic E Antarctic ——
© —
g oel Global E 0.6 Global
2 k=]
= 2
3 %
T 04 F = 04
2 3
g 2
g ozt 2 o2
g a
= =
@ @
n 1 0 e L L L ! L 1
230 235 240 245 250 255 260 265 270 275 230 235 240 245 250 255 280 265 270 275

Temperature [K] Temperature [K]

B 1. (£) BREOBATFHREZAF—LBLC (F) K - BEOMWEIBREOB R % DOREKTHE
RAF—HIZE>TY I a2 b— b SNZBHEKFEOEFEDORIBEEME, 7L —D  =— T
BB T — & % AW TE B O SATSEIC L % U R U —23L (Choietal., 2010; McCoy et al., 2015) |
At & OFRIE COSP (T & % 7 /L2 Wr D FE B O a5,

BAFE LRI D/N—2 3 > OREKTHA A ¥ — A (Michibata et al., 2019a) Ti, FEBIH & bk L
T SLF ZBEZ /N L T2 (® 1 AE), BF /428 SLF 28/ Nl 5 & . #ERAN RS L
TEBRICE KRNSO EKIC T 2= AN T D EICLDADET 4 — Ry 7 BB RICKRET S5 2
LlZoRNS = &ﬁﬁﬂ%é%v@wé(ﬂmmahmnao:ﬁbLKSLmevWTXﬁVEDEJEI
EIK &L BN IAFT HIREFHEICB N T, IR L BRI D fafIk A KIEDE NI X ﬁ*#
H.{ 7 % Bergeron-Findeisen 7' 2 A Z WM KIZEKBL L TN DH72DTHDHEEZ LD,

F T, AT TOEETE T L Ok B (Lawson and Gettelman, 2014) #5512 LT, /KEA
JEHONRD A r — AR F M BIEIC AN TR E T o7, £, BRYPONN—T 3 U TIHE
KPBBEE~DOEBNREHRET HEICKRIEB L OEEIKGET 2R ENRBIHEEZREL TR,
“K#%M*A®ﬁ§®@ﬁﬁﬁ%ﬁémfwﬁ#oﬁtw\_ﬂ%®%ﬁ®ﬁ%%%ﬁfﬁ@
ST, EBHIT, TRV NNEY 2L EOEAEE LT 57295, SPRINTARS THREKFHE LT
7otk — ﬁﬁﬂﬁ%&k%$ﬁ%ﬁw~?/T%FTéiOﬁﬁﬁ o O

FELOFHEEIZ L Y . SLF OXUREKFHEZHEBINC L2 Y MU — SV EBESHICRBLT HZ &
WHREE 72 o7~ (K 14), SLF OKIRMEIEED A 7 2%, %< D GCM 32 % i oA 7 &
D—2Toh b7 (McCoy etal., 2015) , FEKTEMA X — LT K5 ET /LD 5l O BEAL % 2Rk
T2 L3, BRI AT D R EMEOHMIC KX R A - 6T 2 LS5,

T, BRI AN—Y 3 COBKTHRAA X — LB LOEROZEIR A F— MIEED A 7’
ZAHLPETHY ., GCM OILANAL T AD—D2>ThdH 5, FEEEOHHMIZIB W7 T. £ic
E%ﬁéﬁfﬁ&ﬂﬁf%@ﬁﬂt-%ﬁff@$@ﬁ¢ﬁﬁﬂ47X#%%#kﬁofwto
_hi%i@ﬁw SLF ODNRA T ABIOEANSEE~OREN R TEL/EEERK LTV D
EEZOND, E - BKRREO - EHOFREEOR R, By LZETo FEENEI & EAICRELT
ERAR LY ﬁoti#\¢mf\% CHERPEOEENEML, 2EEORHTHME LIk

ZWRET L LD b 8% I WETHI ENTE T (K 2),
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TOTAL

HIGH

1208 180

BOE 1206 180 120W  6OW

L=1

MID

LOW

&0 50 (.51 T0
CALIPSO/GOCCP Cloud Cover [%]

2. (&) CALIPSO-GOCCP BEBR, (F) MIROC6 B/AKZWHEI X ¥ —A, () MIROC6 &
KFHRURAF—DIZLDBEBEOKRESS, LENO TERIZHRDODWENLENEERE, FEESE,

IEESTY TEEE%TT MIROC6 DE R RZBM S I = L —% COSP 2 & 0 BT

EHIT, BAKTFHRBMAR—LORME LT, =70V ANEHEMOLENEF EEZTREDOKR
XX (7 ey EMHAEER) oW TH, KVBENICUI 2L —FTDH2 ENTELRE
WD ZEHLHLMNI o2, K3 1%, =7 Y v - EMEIERIC X 22558 % /) (ERFaci:
Effective Radiative Forcing due to Aerosol-Cloud Interactions) (22T, FE/KZZWHY « THRAIICHL
V% 5> MIROC6 E7 /L OFERZHEBANC L H5HE LB LI D TH D, WK A F— 2L
I%. ERFaci ZAIZHBAFHME (—1.42Wm?2) L TWD DIk LT, B FHAAF— 2 (-0.80 Wm?)
FHEEBIINC L AHEEME (-0.63Wm?) ZREHHLTHY, GCM IZH 1T 2@/ A A T AD—D
THDHTZT B NA~DRENKETELME (Jingetal., 2019) ZEET 5 HEI@< = & 29
ERTH D,

ZORKFE LTE, ERETA T D accretion (K712 X AERLOFIRAMKE) NEDORKE A

—VIUG L TRBTE L2 L & BEBEOBRDRITER T 5 RIS DIRENRO TG4 REL
AREIC R~ ENFEREE 2 E,ZI“LZDO
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05
R |
B 0
£z, i
& E os ’
£ ]
g8 "
N } ='
- || BeB8 @
a w + Begd »
[~ 45 | oChenatal 2014 ! KKOO e
H E £ Christensen et al, (2016) LDO4 =
[1 Chriglansan el al. (2017) SBO6 L]
« Dowglas and L'Ecuyer (2020) ¥ KK0O ACCLMT
+ Retrieval comection KKOO dN_l;..=0 .

WERA BADEE BkTEL

B 3. =7 uy - EREERICHS BB EH ) (ERFaci) OEREFHE, (F) HEBNIZK
HHfEEEE ZN DY b Y — VUHIER (FEONT) DERFaci, MIROC6IZ L5 (Hik) FEKZHE
BB LD () BAKTHREET WIZ X D Dautoconversion A — A & HW 7 FEBRFS IR, 7 /1
Cffi ] L 7zautoconverson A ¥ — L% B 7 —D 7 1 v b THBNZRT (BE6S; Berry (1968), BE94;
Beheng (1994), KK00; Khairoutdinov and Kogan (2000), LD04; Liu and Daum (2004); SB06; Seifert and
Beheng (2006)), KK0OA ¥ — A% o & 572 531BI1525 (ACCLMTH &L UNdNclace=0) (22T
IAMEEFETIEZNLLEF K L7V (Michibata and Suzuki, 202002 X 0 51H)

Q) BEBHI I 2 L —FCOSP2UZHEAT B BAEBRBROFIMEY —VORK

LT TV DARHeFEME DOFIREE K OWERERGET- O O B BH R LM EL L 2 2 00, 2B TE
REZER I RRE DB 21T 72 > TV AR T — % Th b, L, mEEVV—D00E NI
TWEEIIWIEA M Z L THEESNZ, WbhbWwd U NI —L7 THY | FEET VIR
TWPRAR L AR AT O T2, BT AL AICEEE Y — L E—DY R — L%
8L CNEE Z R 7= B & & Lei 21T 9 3238 5 (Masunagaetal., 2010) , € 4L%& AIREIZT 5
V= VPN EBH I 2L —F T, KMEET NI 2 =T 1 TlE Cloud Feedback Model
Intercomparison Project (CFMIP) 723 HHls & 7¢ > TRH%S - $£4t L TV %, CFMIP Observational Simulator
Package (COSP) 73)A < FIfl 41TV % (Bodas-Salcedo etal., 2011) , COSP [ZHL{E, ISCCP, MODIS,
MISR, CloudSat, CALIPSO 2D 7 F NI a2 L—F ZAERKTHa— FETHERINTEY | f
BB L HEET NVOBAN R KA LT D700 EDImEiE" & L C#iEd oY —r e L
THEDIT 5L TWD (Swales et al., 2018)

BUEEETT ANREFICETLE L TWAE - BKOFBREOR Y %2, COSPE HAWTRZIKT 5
e, Bl ZIXREENV & > Y —Tdh D CloudSatx N T2 SpEAEE D BRI AR AI R CTh 5, £ DS, &
v ENAT—TOY N —NVEERT D720 BIEET VDO T U v KA —/L (~100km F2
) O TR L TCOSPNTER 7 —/v (~Hkm F2E) OV 7T WMo L CAELZIT 5 -
O (K4) . COSPHINEEDOREN R E 72D | ZEDESE LSO 21T 5 BEDOR LR v 7
Lo TV, £Z T, COSPARIKIZAMT A2 V7 R EDHDEMDIATL Z LT, L—F—T A
=XV T NI LOEREGATEESENNT 52 R ®ROMEHERPELND L O 2
fiERT NV —F 2 DRI A TS, ZAUT XD . COSP—H — L H IR BB K3 2 [/ % [a]5kE
THZLENTE, OB RERKRILTH, V=Lt LTDZ= =P LTH A o OWESE A
fBL7-,
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MODIS & Mclaudsa
ol b -—— 3) Warm-rain diagnostics (if Lwr_occireqg =.frue. .or.

= = Lcfodd true. then
Column : _ Subcolumn n— ; )
inputs /’_ a_,_..,——' gt : ME(}D;S —— Scan single-layered warm clouds
- - G 1% == fracoul = 1 (only stratiform)
....... - Cloudsat dBZe > -30 < dBZe, not multi-layered
-SCOPSs fracout ==warm-top (Tiep = 273.15K), noice
W e -1 - Outputs:
Ak Y Lwr_occfreq =.irue. Lefodd =.true.
e =
o cc. frequency o ontoured Frequency by
‘—.‘_-_______.—- ____ Occ.fre f __ Cont dF by
warm rain regimes Optical Depth Diagrams
Q. How often does it rain? Q. How early does it rain?
N D Rl A || 1op 4 cvaporation  collision
o IR A o
P Rl 5 o mﬂm?‘u
" B =an g r
1) Subcolumn simulators 47 |tab Pore or eking || |condensation  precipi
= = o 30 20 0 L -
l s Ol N OB M B W N 8 R.Eﬂccti\"it)’ [dsze]
: Performance constraints - i
25 Giolmtnn siinulabors 5 Process-level fingerprint

X 4. COSPIZEE LIZBOVWROA v T4 2By —VOHEFIEOMKK, COSPOHIIx—21Y
A b ®DLwr_occfreq® L < ITLcfodd % .true \Z5%ET 5 Z & T Y OF W2 A NV v 7 HAHE)
IR SN D, TOEHE . MODISE L ('CloudSaty 2 = L — & O i ;77 HEIIICONIZ 72 5,
MODISH X O\CloudSatD1EH D —J8DKEO R EfTRIZR E LT L, T o O/EEY 7
NERHDEND, 2= —IZBUFEDO A7 ) T R EHAWTHBOZE A MY v 7035515
(Michibata et al., 2019bD X1 LV 51 )

Blalz, FEELIA T4 Uiy — 1 OE 2R3, COSPOH Jjr— 2 Y Ak TLwr_occfrec
77 7% L< iELlefodd” 7 7 DWW true. & L CHRE SNT=34 . MODISE L (*CloudSat
R L—ZPNHBMICEE L, ZNEND T T TIHE, BAKREBE DK 2K L ON
BKRNORKSNDRET A 7 A 7 NVESREFNCAHUE LT A T 7T L34 > T4 V2l &
N5, Wittt —F o DODANNT—4 & L% 1T Hl->7-MODISE X UCloudSaty 2 = L — & D1
WE I, BMHOKEOAHAZZK O L LTHL, ¥ —7 v MR 228oY > 78 a i
By b, HOESNDHEEY ISR L TR ) 7 N2+ 252 8T, =2—%—FH
B & T DHEDSARDBERNEOND, A2 TA 2y — T, T TITERFIRDCOSP2D /) — A
a— RIS HRFOET Y 7 Z—CHRIHAREZIRIETH % (Michibataetal., 2019b) ,
FERARED T D, BT NVOFIIZIT 5 72O DSMT — % & 7% % CloudSatds L O'MODIS#LHIZ
K DMEIT — 2 BLOBRLERA Y V7 MEL G TAB LT\ % (Michibata et al., 2019¢,d) , A
VI A R OEANTEE D FHRE T A P OBINK0.8%FEE TH Y (E BB FEFTSX-ACE A — /%
— AV Ea—H AT A ETHE) (oA 2 —T7 2= EIZBWTHEM LOREIZ ARV &
TIN5,
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(b) 12 S Re < 18 (c) 18 £ Re < 35

). (0) 5 5 Re < 12

; A=Train 07 A=Train 07 Train Hﬂ
& 201 20 =;n
HESA L K
R [
g 40+ 40+ z
1
- 0.8

" R ———— T T s'n 6‘0 T T R ——

30 -20 =10 O 0 20 -30 —20 —'IL'I 20 =30 -20 -10 O 10 20

{(d) 5 = Re < 12 e)12§F{e<lB (f) 18 £ Re < 35

T WRoCE 0G| O T F0CE 0AG] O T TOCE DIAG] .I!
u.
201 20 =a
.E
.l
40 40 2
1
05

0% 30 -T0 6 10 20 250 -0 -10 20 %% 50 o 06 1o 20

{(g) 5 £ Re < 12 {h) 12 = Re < 18 (i) 18 = Re < 35
T OCE PROG 07 ocs Prog] O] OCE PROG i
10
204 20 B8
Bk FEE 8 £
= 401 40 2
1
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) ———

E’D DI T e Pr——
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Eu-#
=30 =20 =10 0O 10 20
- 3 Reflectivity [dBZe] Reflectivity [dBZe]

L—4 —RHEFIBZ.

X 5. (EE%) CloudSati X O'MODISEEZEH], (FEB) BABMEAX—LA, BLWY (TE) BAF
IR X — A2 L > TEHEDLNTZCFODD, L — % —HNF72 < -15 dBZe 1FIERAM:, -15 <
dBZe<0 |Z FVU X/ (M) . 0<dBZe IZEKRMEDO L — L LHRBISND,

WY — v & T T~ o5 A F 2 XSI2R T, KISIE, L—F —KFAERORE T T 7 AL
@ﬁf“ﬁlf\fL%iﬁﬁﬂ%ﬁotﬁt%mﬁéfﬁ%mLfmét@\ﬁ@#%ii
EHEOHREHELZ AL LXK TH D (Nakajima et al., 2010; Suzuki et al., 2011) , ZiLiE
Contoured Frequency by Optical Depth Diagram (CFODD) & FE[EH % AI#E/LT15 T, MODISH 515
BT ERIA IR (R.) OBINNCHES T, FERFEAMEL V=000 KU XL« BEkIED L P— L~
ERETA, EOTA4 79 A 7 EBLE LTS (K5a-c) ,

— 7 THRIKZ I OMIROC6IZ & > T4 5 7=CFODDI, Bl CIEFEEK L V— A% /R LTV
HEH/NZVRL U TNZEBWNTHBEARSNOEBRMNBB L T D727 L TR (X5d) . &
BT ICRBITHILENA T AD—D2ThH 5 “tooearly too frequentrain”  (Jing etal.,2017) D[R] %
IRETORERTH D, BAKTHUAT—LICLD VI 21— a3 Tk, BB L i LT
PNA T AP S ATV D Z & ASCFODDD b BIRICHIWT T = (X5g-) | fERBIET L ToIiE
AT AT T ERKDOBEE « TEDRELE | ﬂ3‘f/? Liz=7 m /)L« EFEAEH ORED W
IZOWT, KVEBFEMNRY I 2L —a URNARICR 70, ZHUE, BKOFmR & ke v
F—INZ DM OFRZESMME (Jingetal,2019) (2K LT, BKEZ THTH I LB —DOMRKIZ/LD
ZEEEWT S,

ZOLHIRBKA N v ERAWTEREET A EMT D2 L TAEEEDORENE.
Bk 7' v 2 2B O FEE LV THIR L, KO BLERRATAZ Y EB— 9 VOBESE
TV A BRI X DR — R B fRIC BT 2 O L iIfF SN D,
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Abstract:

In this project, one of our purposes was to estimate the impacts of air pollutants on the environment and
climate through air-ocean response using an atmosphere-ocean coupled model based on MIROC and various
emission scenarios. Since these scenario experiments were performed until last year, in this year we have
improved the cloud and precipitation components in an advanced version of the MIROC6-SPRINTARS
global aerosol-climate model. The new parameterization features prognostic precipitation. In the previous
scheme, there were critical biases in the dependence of the super-cooled liquid fraction upon air temperature
and the consequent cloud fraction. To this end, we have reconstructed the formulation of ice and snow
microphysics and optimized some tunable knobs based on the satellite constraints. These efforts led to
significant improvements in both the super-cooled liquid fraction and cloud cover distribution, which are in
good agreement with CALIPSO-GOCCP satellite observations. The new prognostic precipitation scheme
also well simulated the magnitude (-0.80 W m-2) of the effective radiative forcing due to aerosol-cloud
interactions (ERFaci) relative to satellite retrievals (-0.63 W m-2), whereas the traditional diagnostic
precipitation showed more negative ERFaci (-1.42 W m-2). Furthermore, we incorporated warm rain
diagnostics based on the CloudSat and MODIS satellite simulators into the CFMIP Observational Simulator
Package (COSP) to evaluate the representation of cloud-to-rain microphysical processes in GCMs using
satellite observations. The tool suggested that the prognostic precipitation well captured the onset of
precipitation, which is consistent with satellite observations. These results emphasize that the prognostic
precipitation scheme makes an indispensable contribution to the improvement of the reliability of climate
modeling in a manner that reconciles common biases among climate models at a fundamental process level.

Keywords:

prognostic precipitation, satellite simulator, air pollutant transport model, short-lived climate
pollutant (SLCP), aerosol-cloud interactions, aerosol effective radiative forcing
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BHE:
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VBRHEIIEICRBE TR IS Z EnD, I E THIRERFEA~DOEBICOWTIEIH E Y HE
HENTWERoT2, L LARRLITE, 4 v —i K- TrbAaRLE B o v R ik S 2
DEBNGHE A~ RS EENER SN, 4V U EEH L REEFOBENER SN D LI
2ol RIRHCIEEAL & A4V BELOBHRIZ DWW T HIFFENERIC /> T 72,

AR TIEA Y v BEYE CIREN R ZADRREEACIZ L DA VTEDEE A T = X LD
HE LB LT7r xR EBRIERICET 2 E2BNET D, SFEEIL. RRIBERS
MIROCS LK T V% AW =T ) A FBRIC XL DA U & KU TSR & | e~ T4
MIROCS {bF5EE T V& oA 8D ODS R LY GHG BRI Z I G NN 572
WD 500 T YT IVERE T T,

MIROCS5 KEHFLEFE AL FEET T V& HWIREN RS A D RCP6.0 ¥V A2 & S5< £k
FHIERR T, 2m KR 1960 4 —2100 SEOHAM K 3°C_ LR Lz, WHERESTET /L0 2m KURITHEE
FT7 T4 /TR TICIE LBV, T ARH Y | F72, 2100 4-F TO_EHOAHMENT/INE )
o7, FEfR9 A —10 H DA 2B AREIX 7 D€ T WV Clillk/e i &R L,

WEEA 7 T A AEFRWET T V& AT 4 280 ODS B E R L UV GHG RIS
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FENRKREL 72D, GHG BEKRGFHEIIS Y RonT, MBEFOA4Y v EERIEEE B LD
R AR Uz, E 72 A 390 < KRR o 7o, AEMRIEE Tl o4 < 8 & EICHE S A
VU RBEOFE 2 BN RKE S FEICAEBIEOROE L G5WEN A LIV THEMER A Y & O
M 2 BB 2 T, AL O TR T Y TV A R — TR 72 ODS R EEA R LTV D 2
ED | ABEIC BT BB A Y U BE A Z 5 RN K 91T T A0 ODS IBEL L E T
FTDHZENRETHLZ EBnbrol,

F—U—FR:
RKEEERASILEREET V., Y VB, REE. MIROCS, 71 U %E
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1. WHFEERY
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ZEIZRY, AV U EORKIERNR TR | pERE - ik - iFROREEE) & OBIRAZ 5
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2.1 FHEHEFIRAERRE (201944 A1 H~11 A 30 B)
CPU FFfli] v_deb (T3> 7 H) : 0.00 hours
v 32cpu (5K 32CPU = 7)  :1,808,756.69 hours
v 96cpu (B K 96CPU = 77) :0.00 hours
v_160cpu (5K 160CPU = 7") :0.00 hours
At : 1,808,756.69 hours

2.2 FFAHEE
MIROCS5 KEUFERE SRR T T L& A= 1950—2100 FEDOHIRNZDOWTOF Y B DItk
FHIFEEREIT -7, £7o. MIROCS #EEA 7 7 A L HRULPEEET V&2 VT, 4 v EiEY
'E (ODS) IR EIRENRAT A (GHG) IREZEHOMEIZIRE L1229 r—AD 500 7 7L
EBRAEIT T2,

3. WFERER

3.1 =

F N IEEBEICL D7 RN R LAY VEIXREOIRLE RETWnWD, 4
VIBREIZFICRBE TR A Z b, ZE THRERHE OB O ONWTIEHE Y BEE
BENTWR o=, L LEBSITE, 4 v h—ic X - TRk g E o Rk S %
DN KIRE A~ ST LENER SN, 7Y VELH) L SELEH OGN EHRSIND L)
7otz [RIFFICIEBEIL & A4V BELDOBURIZ DWW T H IR /e > TE T,

AFRETIEA Y VEEYE R BN R A DOWREEIC L DAY VBOEB) A T = X LD
HZERBL T 7 kR EBBRICET 2 E2EMNET 5, SFEEIT, RRUFERES
MIROCS 5T T V% V=T U AERIC L B4 V8 L SIEDFEE TSR & HEA 7 T A v
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MIROCS 5T T V& WA 8D ODS EERATIER LN GHG IREERFIEEZB O M 57
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V% Z & (Thompson and Solomon, 2002)% 23454 S 4L, 7=, HEKIRBR(LICES#E T 54 VO
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—F T, INE R RICEX A BN TE 24V VEO RN b A5 EE T VI,
KM L DM EAER Z2 AT 5 - DM A LT BT ADRL I A TETW5, ESLBRENZE
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Abstract:

The ozone layer shows signs of recovery. Because ozone depletion occurs mainly in the stratosphere,
ozone change has not been regarded as an important influence on the troposphere and the surface of the earth.
Recently, however, it has been pointed out that westerly winds in the Arctic spring stratosphere were
strengthened by an ozone hole, and the influence extended to the troposphere. This suggests the importance
of ozone change for the surface climate. Also, research on the relationship between global warming and
changes in the ozone layer has recently become more active.

The objective of this project is to contribute to measures for curbing CFCs and global warming through
understanding the mechanism of the ozone layer change caused by changes in the concentrations of ozone-
depleting substances (ODSs) and greenhouse gases (GHGs). For this purpose, we performed numerical
experiments with the RCP6.0 scenario for GHGs and WMO-A1 scenarios for ODSs using the atmosphere-
ocean coupled MIROCS5 chemistry-climate model (CCM), and also 29 cases of 500-ensemble experiments
to clarify the dependence of the ozone amount on ODS and GHG concentrations using the ocean off-line
MIROCS CCM.

The temperature at 2 m altitude rises about 3 degrees Celsius in the period from 1960 to 2100 in the
scenario experiment using the MIROCS atmosphere-ocean-coupled CCM based on the RCP6.0 scenario of
the GHGs. As for the temperature at 2 m altitude of the ocean-coupled model, there is a low bias of
approximately 3 degrees Celsius in comparison with the ocean off-line model, and the temperature rise until
2100 is slightly small. The spring total ozone minimum in the Antarctic during September-October shows a
similar change from 1960 to 2100 in both models.

In the 500-ensemble experiments using the ocean off-line CCM, the 500-ensemble member mean of the
total ozone minimum in the Arctic spring indicates a dependence of both ODS and GHG concentrations.
However, the 50-ensemble member that has the highest total ozone minimum indicates a small dependence
of ODS and GHG concentrations. In addition, the westerly wind of the Arctic polar vortex is weaker and the
temperature in the polar vortex is higher than the 500-ensemble member mean. On the other hand, the 50-
ensemble member that has the lowest total ozone minimum indicates a large ODS concentration dependence
and a small GHG concentration dependence, such as those for Antarctica. Also, the westerly wind of the
Arctic polar vortex is stronger and the temperature in the polar vortex is lower than the 500-ensemble member
mean.

These results suggest that ODS concentrations should be lowered for not only the Antarctic ozone but
also the Arctic and Northern Hemisphere high latitude ozone, where total ozone shows a large interannual
variation and little ODS concentration dependence in weak polar vortex years.

Keywords:
ocean coupled chemistry-climate model, ozone layer, stratosphere, MIROCS5, CFC measures
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1. EEB

AR T, BRI 255 - ARER - KER - BAEY - THIFIHZR EOfk TlZ TS 2
EDOTELETNEGENT D LR, TNOLOET AERE LIS 7 /1 MIROC-
INTEG-LAND DOBH¥%1T 9, B LIkx T VAR LT, £2kAr— 1D I a2l —T 3
VEITV, [RIEEEIN T2 T Y R T OREEIR R OGIEIC O T O EITo, 2
W20 ENBREEIMRIRFENE T v 7 7 A TREEE TR - 22 - XPBROM A2 52 L
Te HIER B DR B) U 2 7 1B 2098 | SCHR PR R AKEE T VEmEf T v 75
L TIRBIFER « [UEIRE - 7 4 v B 7= L A NMEDORY] | | BREAEREMERAHEER KA
R KRB AR 2 X DIRE DA AN S OBURFHE & kTl e EomE7 vy =7 MZE
I DZ L aBEET D,

F—U—F:
JELE), ETAHAI. VA EH

2. A—,8—a Lt a—FFHEE

2.1 FHEHFIARRE (201944 A1 H~11 A 30 A)
CPU R§ffl v_deb  (F3v 7 ) : 1,009.89 hours
v 32cpu (5K 32CPU =7)  :13,736.06 hours
v 96cpu (K 96CPU =77) :0.00 hours
v_160cpu (K 160CPU = 7") :0.00 hours
At : 14,745.94 hours

2.2 FIFABEE

e RS LT A5 v (Fef£5 L MATSIRO, K&JRET /L HIGWMAT, [
WARESRET L VISIT, HHIFIHET /L TeLMO 72 ) B X OpEEHE A €5 /L MIROC-INTEG-
LAND #FIH LT BEREITV, A—R—a L P a—X FCEIESE 700 a— R
Fa—=r 7 ANT—=F0EELZFERHLT-, ZNLDOETFLEFAL, BEFHRERE X OT
KTRFERAZITO Z LI LY KUEEEN ) AV ICET 28k% Rt 21T o T, KR HROCHEE (F
i% 31 A2) 1%, MIROC-INTEG-LAND % FJH L C., 08T VAR AL 7 oY= 7 & (Inter-
Sectoral Model Intercomparison Project, ISIMIP) (27 —# Z 42t J~ 5 7= O OFEFBR 21T/ o 7=, [
WET VB LOBEERETT VOHREIZITELE LTAI T —HE2RAL CHE 2T 72, &5,
FEiAE & ET /Licxt LT, KK - MEOKEIRRE E WEIE R R 256 ST Bk 27 Akt E
£ /L MIROC-INTEG-ES DBi% Zfikfe L7-, HiERS A7 A#AEF /L MIROC-INTEG-ES (.,
R MR EFRIH LZFE BT o7,
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3. WFERR

3.1 =

M B L £ 7 /L MATSIRO (Watanabe et al. 2010, Nitta et al. 2014) . /K & JR-E 7 /L HO8 (Hanasaki
etal. 2008, Pokhrel etal. 2012) . [zl AEHE R £ 7 /L VISIT (Ito and Inatomi 2012) | /E4#)-E 5 /L PRYSBI2
(Sakurai et al. 2014) +HIF|HET /L TeLMO (Yokohata etal. 2020) Z@EE(LT 25 & L bic, Zh
b &S U Ei#E &7 /L MIROC-INTEG-LAND (MIROC INTEGrated LAND surface model,
Yokohata et al. 2020) ZBH¥E L, WEFII LR T RIERZ1TR o7, FERTHIZERRIZIH N T
i, BEOHERFEL T VA EETNMCEZD E LB, BREOEBRKEET ML > THELR
TRREETRIFEROFME R L, TTVOBERFIE L TEHEZDZLICEY, HaRF L KETRIOAR
MEMEEZEER L, EFAYIa2b—1a ko TELONIERE, B T s 7
2= 7 K (Inter-Sectoral Model Inter-comparison Project, ISIMIP) (Z#2ffk L, ISIMIP T#F 5 7=
BOEFAAEREZFH LT, [FROKTTIEDICET L TR EIT-7-, F7-. BEYEEFREET
JL MATSIRO Z31F KA L7 B ADWREEITV, KA LRARIC X DI T A&
L FNICE B Y HIERIRDOZBLICONWT OO 21T o712, & 52, AT T /L MIROC-
INTEG-LAND (2 KR&-F CTOXIREE & WEIERIBIREET VA GG LI HIER S 2T AAET
)L MIROC-INTEG-ES (MIROC INTEGrated Earth System model) DBA% %17 - 7=,

32 HREEB

ZIETOMRT, KUEEENTHE D FEROKER - LHFIF - AREROM DO 2727230 (nexus)
ICOWTCHHIiT 2 2 & OEEAER SN CTE e, BRI, KIEEEN, B e - A
78 & Offx 72 NRTEENC 5 2 DB OV TRl 289828, < mE&hT&iz, Zo—F
T, LRI EO NBTEBIOZS, B LIRBIEHRIL DT o ZAHERIIREEZE X 5 2
LxRBELT, [UEEHCHG Z DOV TEH, GfE - HIERS AT LET NV E2 T, ik
IR IR Z N TCE T, ZOX O AMIEE & ARREOL(LZFRRFIZEE L, TOMEERZ
PS5 2 & OMEMENTRER ST E A, BRBRE & AREBOE T LV ARA LT, ZoME
\CHUD FLA TZRFZE IR A 2y, & 2 CAFGE Tk, AERESR - KETR - LHUFIH - 1EWRE % 5 C©
XDETNEMETHI LT, [UEEZETICBIT S 1M - K - ARERHOMAEER %,
ReFEMZED CTEBMICIHMET 5 70— LIS T V2B L., £ T U A
SONTY I alb—a Ul EITH,

33 B I 21— g v

MIROC-INTEG-LAND (Yokohata et al. 2020) DFEEIL, H#i DRERZFEET /L MIROC 12, HER
ARER L NBNEBEIET VDA SN TWDH R TH S, MIROC 1L T WVHAkRK 0 =7 b
(CMIP) IZH#kZ L C& 72, KK - ME - [EEAESET L Th D, MIROC-INTEG @ HIIX, X
Ey AT L E NMIREIOMBE/ERZRBETHZ L THD, 20D, MAETTAVDE —/—T 3
VO, ARNEEhO FHRYCh HERO A ExG L LA Z1T 5, AFZETIE, CMIPS 127
— X 2217 > 72 MIROCS.0 (Watanabe et al. 2010) (23 T, [#EHET /L MATSIRO 7201} % 31T
S 5 (Nitta et al. 2014), =@ MIROC FEfE T /MIZ, PR ET /L (VISIT, Ito and Inatomi,
2012) ZfEG S5, MIROC Z~X—R(Z, PEgICET 5 AREREE & ARNEEET V2 /MG LizT-
. ZDOFETINE [EEHETET /L MIROC INTEGrated LAND surface model (MIROC-INTEG-LAND)
E4FT T,

MIROC-INTEG-LAND [Z8iF 5 AMIEEET L E LCiE, ZNETICHEFEL BB L TE 2
AEREm-KEJEE T L (HHGWMAT, Pokhrel eta 1. 2012) . {E#)E5 /L (PRYSBI2, Sakurai et al.
2014) #FIHT 5, HIGW-MAT %, MIROC THW 51TV 5 2ERFEEE 7 /L MATSIRO (2, ]
JUDE DEUK 72 81T X 2 BRI /K i E 72 & o ARITEE) (Hanasaki etal. 2008a, 2008b) Z 54 L
7ETNTHD, £/, PRYSBI2 T, 484% (wheat, maize, soybean, rice) DUX&EAFHHET 5 2
ENRTED, DT, AFETIEAMIC LD L#iFIH %25k 3 2 L HF €7 /L (Terrestrial
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Landuse MOdel, TeLMO, Yokohata et al. 2020) ZBA% L, Z4% MIROC-INTEG-LAND (Z#5&
%, TeLMO Ti%, 7'V v FICBIT DM GEWE L0 FREHEY) | Bomth, fisk (B
FJOYEEH) mHEE., 2O HHRIHOM O transition Z5HE 5, [fFROEH ML 5 2. &
M, R, AR, oMo o HHAIA O E . 5 x 50 Transition matrix & L CERRT 5,
Transition matrix %, {REZNRT A7 EOYWEIN L 23R T 572012, BEEKAERERET VTR S
N5, FEEREE TIX, TeLMO 239 BHUZEBM T T TH o720, SFEEDOBRRIZ LD . A 4K
BHEM DT= > DR Z THT HE 2 — 2B LT,

MIROC-INTEG-LAND TIIFFER TRIO 721, Hix a7 — 2 ZFH L T\ b, BRE
IZiE, KEJRET /L HIGW-MAT TIIKTEZEL, {EWE7 /v PRYSBI2 TIL/EMIEDHINE &
7o b HAfRE A, EHIFIHET L TeLMO TIHEBRFEES GDP 2 EZHHALTWD, fko
HSRRFET — 1%L, AIMIZ L% Shared Socio-economic Pathways (SSP) (2% &-3< Representative
Concentration Pathways (RCP) = & OFFFEFES: (Fujimori et al. 2017) Z=F|HT 5,

Pk #5777 MIROC-INTEG-LAND (%, A7 —# (CPU30=7T) ZFIHL., 14EHT=V 40
DRRECHENARETH D, EETTAMALE Y n Y =7 b (CMIP) CHBFIAENT 5 B3l £ 7
MAE 70 Y =7 F (ISMIP) TIHRELSN TV DA B R 2 R L, mEERERB X
R PR 2 BIT Rl BER RIS, BT V2 Lz, SFcEE CER3ERE) (21X, ISIMIP
phase2 O7'm Y =7 MZ, KEMOWEFIELR, [ THIEROMERZ TR L 72, ISIMIP2 T
X, BRx REREFO X FPEEINTE Y SR IT5E T1661-23004-12 & 52, ISIMIP2
TIEAA T AFIEENTZ4DDKMEET ML D HEWRRT — % BEA S5 5, MIROC-
INTEG-LAND (¥ Z V& 3FMEICRE X 7 o A — D o 7 LieT —Z &2 FIH LTz,

PEIGHE AT MICKREA - MEEET NV E RS ST HERS A7 A4 E T /L MIROC-INTEG-ES
I3, X2 bBE SX-ACE/Aurora ZFIIJH L CRHEZAT 5, HIERS X7 AHEEET L OREIRITZ 1T 2 5
255121, CPURRaTZAIM L. HEHT- D 100 RRE CHEAENARETH D, £7o. ks
AT LAEEET IV CRE - WEE - RO TEFHE IE 5855121, CPUI60= 7 Z#FH L, 14FH
720 1 FERETH 5,

34 FER

FERDRIEER) L A RFEOEICE D, TIEONERIE L, ABHE & ARARER ~EN
ELDZ eI TS, FIEDIE, &k - =% — « i - RE 7R L BIAW DI ITER 2
IR 2 NOE T, BRI L, B 2T ADEICT L o TERERBKISMED DV IXERE) S
DO—DThHY, #HERT AT AEBOBMRIZIT, T O 72 EELB R R TH D, AW TIE,
THAEHBINE & U CHBAEMBREEZ Y, BREZEORIE L L THETIZ > BEOE N E ST
U7z (FEpEIEH 2015) . BEARMIZIE, 5 B0 B EEMENRBEL T L 2o /IcE0H =5
WHE TR Lz, BECIEH B EBELZ AV, %27V v REIC 365 HAETOHBEA O
% F7>, RCP2.6 & RCP8.5 & CTHIX - HEZEE L ENK 1 TH D, RCPS.5 IZHIT 5 fElk
EYEORERSIIE, 26 Mtk 21 HASEEAME A 278 U, BEOE & S50 I3 72 R8s &
%o TAE B EEEBEE o BB A 1. 42T o Hulsk THRIE O BIME R 273 b i TiER <, ok
[EPEER « REs, W7 7 U 7p L. 21 e A B 72 BN &2 R 9 sk 3 FfE 3 5, TPCC ARS L
A— MZiE, FIE2IFEMITITZIE LW ERE STV DAY, ARENT CIEMEIIC X - TITaH
REAEBZ 0 9D L EARL TS, —J7, RCP2.6 Tk, &< Ok T 21 fifdhigic e —2
Db, ZOBELENRD LTI 2R Z R LTS, ZOREE, 21 I\ T
IZ RCP2.6 ®J773 RCP8.5 XV b FIXOHAEMNRKE L R LMD H 5,
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Abstract:

Future climate changes possibly affect ecosystem services, water resources, food production, energy
supply, etc. It is important to understand the interaction between the changes in these complicated factors. In
the present study, we have developed an integrated terrestrial model (MIROC-INTEG-LAND: MIROC
INTEGrated LAND surface model, Yokohata et al. 2020) which describes the natural biogeophysical
environment as well as human activities. In MIROC-INTEG-LAND, a global vegetation model VISIT (Ito
et al. 2012), water resource model HO8 (Hanasaki et al. 2008, Pokhrel et al. 2012), crop growth model
PRYSBI2 (Sakurai et al. 2014), and land-use model TeLMO (Y okohata et al. 2020) were coupled to a land
surface model MATSIRO (Takata et al. 2003, Nitta et al. 2014), which is a component of the global climate
model MIROC (Watanabe et al. 2010). The output variables of each sub-model were exchanged with other
sub-models during the time integration. The time intervals of variable exchange were from hourly to monthly
or yearly. The water resource model HO8 considered the irrigation process (water withdrawal from rivers),
as well as dam operations in large rivers, which affect the state of the soil moisture and the river flows in the
land surface model. In this report, we present the future projection of drought frequency using the numerical
experiment data by MIROC-INTEG-LAND and other hydrological and land surface models. We show that
the drought frequency will increase considerably (21 regions out of 26 global regions), which indicates that
we need to prepare for and adapt to the hydrological changes in the future.

Keywords:
climate change, integration, risk management, terrestrial models
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NOTRFERICBE RN 2D, T o U TR %21T 5 R CIERIBKE DA ORI £ -
ToMS, ARESCHERE . HENE DA IO W T T 2D 5,

6. WIIERRRFER

6.1
w’

mEREER (EHEbHY)
A, AL AL, B, AR (2019) W N YESTIREE 0O 75 A AT T T L OREEE & 2006
~20155IC BT D R OEEER. LAFZSGm KEB K T5) ,7512),1 421-1 426.

A, B, A, KA, BN i, BRI, s, FEEsEoT, Sl (2019)

W EIR G 8 N ORI 1-BhRE. L= EZE, 51(1), 21-30.
https://doi.org/10.32142/engankaiyo.2019.8.004

6.2 3EERE (EHRL)
7L,
6.3 OEERFE

B S, ERGES, B RS, BKIL TR (2019) BRI BT MR~ OBK - 15 AT H O

o

N L DREREAC. HAMEFS 2019 FFEMFALR, RAITHRE, 127.

RIS, THERS, R EA (2019) RCP8.5 27 U AT IS S WHANBIC I 1T DRI KR « Ay DK

WIS BN RCETHI. AV 72 2019 FFEHFAZ, TR, 126.
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Abstract:

Numerical modeling of suspendable particulate behavior in the coastal ocean has several issues to be
addressed, although that behavior is very important, as it governs long-term water quality, sediment quality,
and ecosystem. Our primary objective is to enhance the prediction performance of models for long-term
coastal ocean environments by improving the numerical model of bottom mixing and subsequent suspended
particle behavior. The developed model will be applied to marine environmental problems such as
eutrophication, radioactive pollution, environmental assessment of deep-ocean mining, and prediction of
climate change impacts.

In FY 2019, to clarify climate change impacts on primary production and water quality in the Seto Inland
Sea, we performed numerical simulations under the present (the end of the 20th century) and the RCP8.5
future (the end of the 21st century) climate conditions using an integrated river basin — coastal ocean hydro-
environment assessment model. The simulations indicated that sea surface temperature (SST) in the future
increased by 3—4 degrees C from that in the present. The SST warming was particularly significant from
summer to autumn in the center of the sea. In these seasons, the SST warming reduced the primary production
seriously because of the high-temperature stress of phytoplanktons, and nutrients increased, therefore, in the
surface layer. After that, when SST dropped, the abundant nutrients enhanced the primary production. The
state of higher primary production in the future compared with that in the present continued until spring,
supported by SST warming. As a result, nutrient concentration from winter to spring in the future was lower
than that in the present.

Keywords:
climate change impact, primary production, nutrient, numerical prediction, the Seto Inland Sea
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EHE

GOSAT-2 1%, FH2 b EHERIRELNRE T A 2B 5 GOSAT Ol - ke Z2 B & LT 2018
10 AT BiF Sz, GOSAT-2 7uy =7 "IN AMZFET S CO, + CHy KA
A2ER COy » CHy WU EHEE Y v ¥ 7 FOXgEmM EZHIEL, AETIEING ey 7 bo
TERICIWTREE L I D BT LV AT LAOBSE, Bk, EH, BLOWHEL ET 5, 45,
) =7 v VOAAHEEEOBIN T — % & OWEfENT, 2) —BRLRFIREZFIH L 7o gk~
1 X7 N OWESENT, 3) GOSAT 7 —# ZfliHl L7z GOSAT-2 €T /L AT LORER, 4) 77T -
KR LEEICBT DA Z VEIREA X MIBET L/, 5) 1 & RR U T BRI 2 0
Mro REICBOMEAT, £7-. ET AV AT LAO—FIZOWTIL GOSAT-2 7122 =27 F TOEF
A & BAA LTz,
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oA
GOSAT-2 £ERIRBE/BTT VT AT LBHFE

ML
SRR 30 AR~ oA EE

MERERE  ENLREMFRITHIERBR BRI St o 2 —  HE 3
LFEIFEE © ENLREMEITHIERERBEA 02 o % —  FERIVEST - s - SRS - A EFn
e - 3% HiE - =EAER

1. EEB

RN A E T E TW5% ] (Greenhouse gases (GHG) Observing SATellite, GOSAT)
1%2009 4 1 A OFT EF LR, 11 FE2 0 L7-BI7ED “{bkE (CO) BEIUAX Y (CHs) =
7 B D 2R BRI & fke L T D, 2018 4E 10 A 121X GOSAT D%k GOSAT-2 DT H
FIFAEE L. GOSAT 76t < i 2 7= GHG =% U v 7 Ok & . Bl B0 E e
BHAEEAL~TT 72 B0 FHLA T O TN D, BIEIX GOSAT 3 L U GOSAT-2 @ 2 F& o [ REiE i 23
FEhE ST\ b, ZHHHEE GHG BUIICB\WC, GHG KAEFHRE o X7 FOEEZE D,
TS B RBIFERNIE~NGEHT H7-01001F, 7o g 7 MEHER THEL R LEHEET LA AN
7o S BRI HS°. GHG WU PEH B HEE /R DRk 2 7o BT LV OKRSEIL b £ B TH D, ANFRETIL,
GOSAT-2 7t ¥ =7 MIBWTERENS GHG BL R T 1 V)L R&WEETT V&2 fLhe L
BAEWRET VO - BRBRE2FEK L, 0¥ 7 hOEHABICKHIE LIZET VY AT LD
IR Z RS U BB T — & 2 AW T2 2K CO, + CHy W HEH BHE & 12 B 0 4.0,

F—U—FK:
BEMRT R, HEBH, KK@ETT NV

2. A—,8—a Lt a—FFHEE

2.1 FHEMFIRARFE (20194481 H~11A30A)
CPU IK§[H] v_deb (T v 7 H) : 1,620.22 hours
v 32cpu  (Fx K 32CPU =177)  :2,580.42 hours
v 96cpu  (F K 96CPU =77)  :130,629.88 hours
v 160cpu (F K 160CPU = 77) :31,963.59 hours
i : 166,794.11 hours

2.2 Fl| AR

AR TIL, GOSAT-2 7m ¥ =7 M THMHT 22T 7 /L NICAM (Nonhydrostatic
ICosahedral Atmospheric Model) % HULMZET AT - BAR 21w 5, NICAM % JEIZ L THZE S
72 GHG K%t 7 /L NICAM-TM B X7 1 v )L K% Hi%E T /L NICAM-SPRINTARS O
BRe o AT LBEREEZEML, TN 5% GOSAT-2 7=/ MIBWTEMENTAZ L2 HBNE
T 5, £72. NICAM-TM Z HWTRERIRBIN A HEET D ETRAIR 72 SEBRIE R T H D Bk K
PEHERICB LT, BT v 77 S OHBIRNT 21T 5, WEAEEE £ CHH & o) T & 7o fali A fE
FRETFLB I OALEREHEA X2 R IZOWT B IEEA T 5,
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3. WFRERER

3.0 =

AFEEIT, GOSAT-2 Yu v =7 MIBWTREE R HEHDOET NV AT NE T - B L,
TEHERZ AT 7 ARH 2 ESLBREM T A — R —a v Ea—% (X7 bV - 2T, LI,
NIES-SC) FIZ#fii+ 5, ZOFFALI AT LADOFRLERT DM NICAM-TM 5 L O NICAM-
SPRINTAR T 5, MiET /LT GOSAT-2 L-~UL 2 Fa X7 NOL&BIiERE LRI - &
W2 Z . NICAM-TM (ZHfENT o AT A% #E L7 NICAM-TM 4D-Var [Niwa et al., 2017a, b]iZ
GOSAT-2 L~L 4 7By N LIRD Y AT LA THDH, SEEITIZNODETILOR%E - ik
IS HE EHIT, GOSAT-2 7u &7 MIBWT—HET IV AT AOEREM %A LT,
Fo, R LEETA VAT LAEZRA LY vt AE~DIGH 2D 5 L FFFIZ, NICAM-TM
DFBRIEHRD—D>TH DMK T v Z 7 NN T O T % 95,

32 HRELEH

2009 4= 1 HIZHTH B v GOSAT OBLIBAAELARE, Hi EBLAIZ  Cli sz itiE4+5 2 &
DNEETH ST REKD CO, BEO CHy IREDMOMELNH G028 720 | RFBFFERFTEICT T D
GHG BT — 2 ORI b —ke & 7 o1z, ZOFERZ52 1), GOSAT #7H LT LI S, GHG %l
Az AR E LEBENEEITH EF 5Tk, GOSAT-2 IZ, GOSAT (2 L % T3 7 GHG DOF
B OB Z TRl - ke L. JEEEC ANMTEEIN RBIERICH 2 D BEEHT I L L HICR
R & RAERENCB# T D EORICEBN T 5 2 & 2 HMIZ 2018 4 10 AIZHTH EiF s,
GOSAT-2 7m ¥ =27 FTiX, COy+ CHy KHEHRER ED L)L 2 T a7 h, £EK CO; -
CHy WU EHEE D L~V 4 7T X7 FORBZTELTEBY ., BIEZINSTa X7 FORN
BRI 723888 - Y 2D T WD, L-UL 2 Fa X7 FOEHEFE CIIEREHE LT COo, -
CH: EER I OB T 0 VW ofifEmae., £7-1-UL 4 Fu X7 s OER T REREET T L
B LU, EIEEOERIERZLE LT 5, KFETIE, 215 GOSAT-2 Ve =2 MZ
BT s MERIZE W TRE LR DB ENRET Ve RERRBIFRET L AT LE LT
WAL, OB, BB, BMICHY T,

33 HEFE

AEICB T 2T VBB L OB ILEIC NIES-SC ETfT->72, GHG *+ =7 1 YV )L D22 ]
SIARHEE I KK HEE T /L NICAM-TM 5 L (N NICAM-SPRINTARS % V% 728, NIES-SC ET
BAFERBE 2980 L7z, 2D KREUETT MITACEAHMEEE glevel=5 (F9223km) | $HiE 40 JB, B
MR 20 4y 2 FEMEICBA 2 7-, 728, GOSAT-2 7uvy =7 MIBIFHEHEATH, 2D
MG CARET NV AT LEEHT D TETHD, KKBEET VDT v V7 ARSI IZ
IXRRIT 55 FRMFEMANT JRA-55) T—X =M L7,

34 FER
3.4.1 GOSAT-2L )27 a ¥ 7 NeBiE®

TNETITHEELEZY AT L2 HWT, NICAM-TM%Z 1+ J Z &2 M LTV %, SPRINTARS
DHEH N LB L 27— 2 L E5b® T, HIC1EOHEET, 2h 7 —0BAHE#K 7 o Fx
YREDA U HE =T A AT 4 L7 MY LT, GOSAT-27 — X ALEEM v A7 A (G2DPS)
~NTIDEBRER RORUEZIT > TV D, Z OERIEE BIZGOSAT2L X227 m ¥ 7 NMEORE
HicHWBRTWn5,

GOSAT-2 Ll 2 Fu X 27 MIEBITH SPRINTARS DL EHR & L T, NICAM-
SPRINTARS % W\ ==7 v v Ve BE M OB 2 3506 L 72, NICAM-SPRINTARS 2 HEE L7-—
T a Y VR S AOD %, MODIS 3 X TY Assimilation SPRINTARS @™ AOD & beifig L7=, %15
& T 5 E I MODIS 23 532 nm, NICAM-SPRINTARS & Assimilation SPRINTARS 7% 550 nm C
b5, X 1IZKEREZTRT, MODIS AOD BEVMEZ R~T 7 7 U AHRE, o > RAEEE, P ER
FER, T AR NG IE, B LN < U TG T T BT HEICE B EIRIC V) T, NICAM-
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SPRINTARS % [Al#kIZ AOD EVME CHIELHSE TS Z EBMERTE T (WA THEEHAZRL) &
RIZ, AOD % 10 FE#Z & (60°N-60°S) (28 L7= =T MODIS AOD & OFHREfZREE H Z &
WHERE L7=, % H ® MODIS AOD & OFHBAFR#IE Assimilation SPRINTARS ¥ J T8 NICAM-
SPRINTARS & & 12#42 0.7 LA | Td - 7=, Assimilation SPRINTARS /% MODIS AOD (Z [Fl{t. L 7=
TITH LN, ZOFEH & RIFEE OFBIRE A NICAM-SPRINTARS |3~ L7,

WO LI & LT, TEBFREL (km!) OFEIERE AR Z CALIPSOL X371 &7 | &g L
T2o ZOfEMTICIBWNT, #i BN S 1226 kmE TOAODZ HWTHEMEAL L 7= I BUREEN B4 Af & ff
A U7, WIS LTV A ALK RO AE PR CIREBUR B OB AR R E <, 2D
OFE TIZET VM OENKE L 725 Z L8 Koffietal. (2016) TITHE STV BN, AWFZRIC
17 % CALIPSO & NICAM-SPRINTARS D Z2E & 1 km LA T OBEFEN O AR A BRIT I3 72—
L7z, F7o. BMKKORBERRKEVET AV I, B7 7V i, PR7 7 U Bk Tid, £l
SPRINTARS D FHEHIMEAMEW Z & 3Koffi et al. (2016) THIE SN TWAN, T A U I AR 2
FEIRIC 1 HNICAM-SPRINTARS Dt 1%, Koffietal. (2016) (2 X2 FEF /M DT FHNITIL
FOERNEL N,

EL D LT 2 S 2 BIAE I NICAM-SPRINTARS THEE L= 7 1 VLSRR IS ) A G2DPS
NEF NSRS 2 72 O OERIRH OFEH 217> T 5,

X1.AOD ®2 H (k) BXO®8A (TF) BT nAM#EK, £55 MODIS, NICAM-
SPRINTARS. Assimilation SPRINTARS % R,

3.42 GOSAT-2L_ 47 a Xy NcBiER

BRI SN D A A~ ZDOBRBEBRFEIZ BT CO,. —biRFE (CO) . CHy R &,
KEF~HHEN D, GOSAT-2 L~L 4 711 X7 hDEEK CO, « CHy W HEH EHEEH O R ICEH
WT, ZOFHFMRAKRIZE D COy » CHyHEH EIF LB AR A K 72 EBRIESR TH D, GOSAT-2 7 r T =
7 NTIIZED—E & LT, Biio 2Rk K E 7 1 47 R OFERRIZE Y #lA CX 7= (Shiraishi
and Hirata, 2019) . Z O/ AK T 0 ¥ 7 NI T2 BHBFER, A A~ RBEE, KA~
VRN TF—=ZOMBEDREICEVERDO T a7 RRRIEER TS, LvL, BEfFEOBM A S 7
0 &y s E DB TR, EoFa s hOFMAKSKEYEHBOBBRMEN SO AR5
ZEIEREETH D, £ T, COX° CHy EHEARKRHF TOFMMPEL . KREIERE ITIZ I 725
BRI END COIZEREZ YT, AR T X7 N0 Z2ikA 5, fi#H Tid. NICAM-TM
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A U CRRAR A S B 2 S e e BRI & KA CO IBELHH 2 HE L, KRAUBEBHT —%
& DR 24T > T2,

BAKSE COPEHHEIZIX, AT r &7 F & L TR FIHEN TV D GFED £ X Y GFAS (20
Z. GOSAT-2 7 u v =2 NNTHIAHER SN PEHE 7 2 427 RO, GEL. GWL,
MEL, BXOMWL @ 4 ¥, §te o7 X7 el Lz, 727 FOFEMIIEKT
%73, GEL, GWL, MEL. MWL DZEWIEA L7 BTSN B L ONA -~ ZEEOEWIZE
K35, ZNHOMAEDLEDEWIZEDY  2ERAVEY L COHEHEICIZ v X7 MET 18.2-
52.0 Tg CO month! DEWR R 5N 5, ZNHDF &7 Mz VT RA COMRELEE #HEE L.
T ORER BB R AT G o & —DNABRT 28BN T — %, BLUOEESNT—4 T
&5 MOPITT L)L 3CO KA ERBIET — X L Ol &2 1T - 7=, BIHEIRIT — % & Ol T,
K S DB L Z T I WBHS I e #7 MICAEBEREWVTR N oT=, — . T 7
ANRA » RRUTINLE L, RO EZEL T 28RS T e ¥ 7 SMEOE WA
Flckhniz, —flL LT, A4 > K337 O BukitKototabang (BKT) ¥ k (0.22S,100.3°E) TiZ,
2013 AED 5 2015 FF D 3 EMIZH 1T 5 KR& CO IEBNT — & (HfH) & DklgizsvC, HEIR
Bix7 v &7 FET038-071 OFEWA RSN, SRIORBRCHEH LKA K T &7 Fo
WEMIARAG BE 1L GFAS 23 3 BEf. 2N LIAMIET 1 HTh D, BB ENEVY GFAS M b EW
FABMRE A7~ L, fhild GFED=0.44, GEL=0.57. GWL=0.38, MEL=0.52, MWL=0.39 Th -7z, =
DFERMN S, BRINIRET D2 HRRAKZHIT 2 L CRMMBEBEOR SNEELRERNO—DT
HDHZENHEHIEND, £2, BRAK T E T FREIZBWTYH, COHEHEDHEIM DR SI121X
A CX 2 VIEVWRTEET LI ERbhoTz, BUEIL, K0 EHMOBHT —% B X OET L
TERE D Lol it % e h T b,

WIZ, X 2122015 4 10 2815 MOPITT &, LESEfbT iz CERMENI T — & LA D
7o 72 GEL & 7z CO KU ERIREE 34T (ppb) 27”9, MOPITT CO XA EEREEIZ B
TS DEBNGAE /e T~ ik, 77U hhddl, R xdBaed s L-fEkicisnT
EREI AR TE S, GEL ZHW=ET AHEEIZE W TH 2D O TILERE O CO %fE
SEHRENFER TE CWA Z Exbnd, [AEOHAIE MEL 2 W= T AHEE CTHIER T
7228, GWLBIXO MWL # W= T AHMETIIT ~ Y 807 7 ) A h sl COERE# O
FHHMENMEN -T2, COREBHT —% L Ol Tl GEL 8 L ONMEL N BIF72fER 7o 7
23, BEIE CO, B L O CHy O FHMEICOW T L RIBROIENT 21T > TEB Y, TN OO EEE
L72 ETGOSAT-2 L~ b 4 7' X7 NOFEBRIERICHER T 2HBHRAK T 0 77 FE28RET D,

o S0 100 150 X0 250 30 o 0 iy 150 200 250 LI
X0 ippb) XCO ipphy

X 2. 20154 10 A28} 5 MOPITT () LHFEMAK X7 P GELZEE L EIZHEL
72 CO K[AEEIBE (ppb) DEFRDAXK,
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3.4.3 GOSATT — # & AV /2NICAM-TM 4D-Var> 2 7 L DRER

2010~2013 FEIZONWT, AN D COBET —X %22 T3@Y OFHEEIT- -, M BT
— X DI EER L=/ — A, ACOS-GOSAT T —H4 DA EfER Liz/r—A, WihFDT —X 2 L
Tl —ATH b, znEhm i — AIZONWT, =1 2775 k) Bl #(%Twi7 i)
B LTz, TR IS 20, M EEHIT — % & GOSAT 7 —4% OZNEikc i fif
Wik o 513, BUAHLE OB A2 7R L2 CO, 7 T v 7 ZEEHNRE S 7=, NICAM-TM 4D-
VarlZ L5 CO, 7T v 7 AHEEREHR & . NIES GOSAT L-~UL4A CO, 7% 7 b (GUv02.06) O
AT TR, £, 77 v 7 ADMEIZHOWT, MEDT T v 7 AHEE T AT LA TTT —
ZET AR B D 00, HAERK CIImE TH— 4 —OE VN ENZ L3Rk, oF
D, HZLOHEE T T v 7 ADZERIRG L, L4A T X7 MER Y 2T AT 64 fEl;, NICAM-
TM 4D-Var T 10242 8l (7272 LZEMMEEZE L T\ D) EliE TRE < B S0, NICAM ¥
AT ATHEENR CO, 7T v 7 ARHETEDHZ ENMERINT, K32, BHFEZ—F7 7T
DHETE 7 7 v 7 ADOWiRIN &Rk, M BT — % O W= HEE TiE, SEN B A D 72
W2 EMB BT T o 7 AN DFERNDNNE o T, — 7 GOSAT 7 — % &b = HE Tl
BT — 2 OROHEEM LV  HZEOWINGRL 720 | NIES GOSAT L~UL 4A a7 |k
WS RN E S LT,

TransCom region 7 ( Boreal Eurasia )

-5
|

CO, Flux [PgClyr]

-10

=== NICAM Priol

=== NICAM Po: t rfac

=== _NICAM Pos! eri e+GOSAT
= = NIES GOSAT L4A

T T T T
2010 2011 2012 2013 2014
year

X 3. a2 —F 2 7I281F 5 NIES GOSAT L4A-CO: Fu &7 + (BA#E) & NICAM-TM 4D-Var
DHEE CO: 7 T v 7 A (FE#) DOHE, FEEHRIT NICAM-TM 4D-Var D7 5 v 7 A#EETHW
72 CODHBRT T v 7 A, FERIIH LBEIT —Z 0AZ2RAOWEHEER, FRERITH BN
& ACOS-GOSAT 7 —# O 5 & AW HEERE R,

344 TUT « KRBT DCHESREA XV MBE$ 5 0T

T OT REDE FIIALET 2 KEED Bz Tid, LIRUIREZRICERED CHy B ST
W5, ZOEEEIIRIE B EHN S O CHy HEIMNC L2 b0 EZ BN, 7T v 7 A
DA T =X LNERIZEN D EERERE R0 D D, WETICZ 0BT — % OIFHE2 G 2hIEY
AT T= DI, BREA XY FOTTOAHBMEZ SO S LRI, T 7 /L OREEIRZECIRE A H
AL EHLNPUOHEREL T MERD D,

F 3. NICAM-TM @ CHs &> =2 — LN EEUNTHERE L T\ A 2 L 2R+ 5 7=, Hh FELRT
— X LETNE DB Z T o T2, £ ORER, FEHEE 2 LIZONWT, BT ANEATHE & [F
BREICHBETETCWAZ E2ER LT, 61, HA—/ N2 7[# D CONTRAIL-ASE #H| T&
STz EZEOFEEHEEICONTYH, FEEFICBWTETABRER L TWD 2 L 2R L
72o LinL, Eﬁuﬁﬂuﬁ@éﬂtl%omb%tiéﬁ%fuowfﬁ EFT LD IKAR
EIZk->T, TOHEHEMICENHS Z L boo7z, NICAM-TM THE L7Z 201749 H 12 A
DOEER) 10 km (28T 5 CHAIRE A DWW TENT L=, %45% B IZ5EH0E S 4172 CONTRAIL-ASE
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BIITIX, 15°N £ & 30°fF3T1Z 2000 ppb Rt O @i BB S vz, A4 30km O
FIHKEA (glevel-8) & HWI=HE, BRI SN-ERBENET LTI EHRINTWA D, K
iR T 240km DET NAET (glevel-5) ZAWVWZHAE TR, ZNOEBEEIIED L & HARKICHEI
STV o7z, 240km 205 30km F CTEMEANIHMBIE 2 EIF TITo R BEER G, 2 b
TEREA X N EFHT 20307 < &b 120km OKFAMGEZ TS5 Z ERNbhoTz,

Z DOFEER NS 1E,. CONTRAIL-ASE (., 15°N & 30°N & T, ThFNRA 5 CHy S E 2K %
AT ENHERIND, 15N DA RUFHE EOBEIZRIC oML TWD Z &h

O, FEEXE EOWEIYNE WA — LV OBRGIZ L > TELTWAH Z ENRBIND, —77,
30°N @ H AT O @I E NS B A DRI ITICALE LTV D720, BTEEENC X
STELTWLAEERS D, o, X7 I7T 4 vva EETHRBEOESHNAE T TH

D, ZOEREZETINYIBEL TEL TV D AEELE 2 OND, BB, N7 T7T v 2 EED
FHREITA RO T T T aDBHN L SNIZKED CHa AV R« B A—12 85
FRIEMERRICE TR I v 7ENTREENTZHDTH DL EBEXHND,

X412, Fi0 CHy @R EICHSOWT, NICAM-TM O 7 P a A > b« &5 /0 &2 W CEB 21T
ol RA TR, Kda X0, 1SNFAHEDA v R 2B FZEOEEEICOWTIE, v Y
FHEENDOT T v 7 ANRKELSFE LTS Z L, £/, 2 HREEOERF CTHIZE GBI A F
TEELTWAZ ENbhotz, FrCHENS 22 E TIRIFEEIC I HUNTHESINLTWS 2
ENRTEND, 2O D, BMEMNRICL2EWENRETE L TND I ERRIIRBIND, —
J7. 30°N O HAFHT O EEEIZOW T, K4b IR T LA v RN T TT v, HEMN
b EZEANLERESN, TO%, PEREICE > THARITDE TBIE L, &&ZICKREHE Y dhn - TEl
BEETERELTWAI RS, 7797 ADOHEGEERAL, FEEA VR N 755
4V a2 DEENRRRETHDLZENbND, ZDOZEND, AV R EU 2= b OLIEE LS #i
BRIEENC L D EZE~DOEOmE D, BHSNIZEREA X MO A D=L L TEET
DT ENDNoT,
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X 4. NICAM-TM D7 VaAf v b« ETNVE>THEISNZGEEA XY MIxtd 2 HBEFORE R,
B FEIZENTH., BEEZESHOEBERE (B T8HA ETORMEZRT) OKE, HE
WENZ Y, FTERIIEELRICHTIMER I T I AOREE (7 bV xT7 T w0
) &Y, (a) . (b) IZFERFN 201759 A 12 BITBIT 5 15°N i, 30°N £ TOEH]
Xt A RERERT,

3.4.520154F 1 ¥ RR T T MK KT BE$ 2 BT ~DE A

X 5 \ZWfRMT S AT 2 NICAM-TM 4D-Var | & » THEE S 7=, 2015 4E 10 H OHET 7 27 1)
WCBITDRFET T v 7 A (COLE CODERIT T v AT, REMPHETRT) OoAizRd, 2
DAVE, 2015 FORHBFE L =—=3] &of%ébt%%kk#t JICELIZFITH
5o BSdME, HIEMED 7 T v 7 AT =2 TlE, A~ N T EOREEHCH U~ X o BOrHEED
T\7?772ﬁ@%kﬁoTw6:kﬁbﬂéo:®ﬁ%%%@ﬁ@7?y7%?~&ﬁ\A
THREBHONFE Y MODIS 12X D KEARy ARy M2 & L LTERBY, FEEIC
5 DM TR KSENIAE L TN Z Enbho TWD, ARBFFED M Tk, _n%k“
SDRFET T v 7 ADGAAIFTIFEAEENLLTEB LT (X 5b) | ERif2IC K 28GR &
SR ED LTS5 TVWE, —H T, HE7 T HROSEOREHBEICOWVTIE, WIHETIZ9
—-10 A oIz %T@CT%ot W%t L, ¢%ﬁ1iwmmckﬁw%mé<%mémtoA
mém%m%mwtmrMﬁf% PIHMEIC AR SEIR 2 B 2354 (C NO) (X 5e) LIsk
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BHHINTBY, 20 &b, KN T - 7281117 — 4% (CONTRAIL-CME) (ZZRM K KD
BN EENTNAZ ERbD,

(a) prior . | (b.) posler.ior (C_(?‘G) (c) posterior - priqr
S |
i o . t
ol o
- = M L
100E 120E 140E 100E 120E 140E

100E 120E 140E

K 5.20154E10 HDORFETIT S v 7 2 (CO & CODEREHT S v 7 AT, REBETRYT) O, ¥)
T (():2BFEAFHME. d):FAMAKEIRW) & WIS X7 A NICAM-TM 4D-Var C/&
LI-HEEME ((b): FIEEDZRMAKEIR & LT GFED & GFAS OXEBEZ AW BE. (e):¥]
HAED S BRI RBIRZBRWOZEE) 277, (b)) E(@DEEZRT,
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4. &9

A TIL, GOSAT-2 7u v =7 MIBW T 2 RRIRFBRET NV AT LEFRETD
T, HRET VB, ERIEWBRE. TT LB LOERFERORER, T LY AT 20OEME
K OWFE, 2 TOWRIZHBVTNIES-SC #FIH L7z, 72, EOBBICBWTHHE L7225 FHh]
SR TR, FEAPRO K 5 % NIES-SC L TiT-> 72, A% 1 L T NIES-SC LITHEZE Sz
T INY AT AL, GOSAT-2 L-yL2 7 a7 FOSBIER TH D CO,. CHyy =7 1Y/ LHEZE
MOMMHEEE DO E I AT L LCOERANBEY . £72. LUV 4 7 a X7 FOABICH
JeRBR L EEH Th D,

5. SO ERE

AFRECHER L EHRIREMHRTT VY AT L% GOSAT-2 7uv =/ hE LTEFEMT D
Z LT, L2 e X FoOSEERTERE EMMIC G2DPS ~EfkT o L L i, L4 T ey
7 NOFHARZFHBE L TWD, ZbD7 X7 bi, SBERRENEERIFZECMERIERZ{LAE ik
WX A K EORY MAZ TN T A7 ORME R E L TR O~ 2B CIERH s D Z L%
LTS, Fio, ARREOH THENED b KRKREET L, =7 1 Y VEET L,
Pl AR RERET L, AR PEHEA X MY AR &Y m 27 N EIL, GOSAT 'Y
—AOHIL BT, FRTL5ART e RO, ABIEE QAR WAV ESE CTHEY
EHEND Z 2L T D,

6. WIIERRRFER

6.1 3EERE (EHDHY)
2L,

6.2 B EEX (EHL)
2L,

6.3 OEEFEER

A S, FRRPEN. #E#%E Bk (2019) Impact of GOSAT data on CO2 fluxes in the NICAM-TM 4D-Var
system —Towards GOSAT-2 Level 4 product—. HAKEFE 2019 FHEEFLAS, 2019 FEEFK
2 TR LE, p.214.
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Project name:
Constructing a global carbon cycle model system for the GOSAT-2 project

April 2018 — March 2020

Project leader:
Makoto Saito, Center for Global Environmental Research, National Institute for Environmental Studies

Project members:
Yosuke Niwa, Tazu Saeki, Kazutaka Murakami, Richao Cong, and Tatsuya Miyauchi, Center for Global
Environmental Research, National Institute for Environmental Studies

Abstract:

GOSAT-2 was launched in October 2018 for continuous development of the spaceborne measurement
of major greenhouse gases from space, which was started by GOSAT. The GOSAT-2 project provides
various data products such as column-averaged CO; and CH4 concentrations and global CO, and CH4 flux
estimates. This study develops and tests the models used in the GOSAT-2 data products to get the best
possible results and operates those for generating the products. In this fiscal year this project included the
following studies: 1) comparison of acrosol model estimates with observations, 2) comparison of forest fire
emission products with observations by using atmospheric carbon monoxide concentrations, 3) test of the
GOSAT-2 model system using GOSAT products, 4) analysis of high methane concentration events observed
over Asia and the Pacific Ocean, and 5) inverse analysis of forest fires in Indonesia. The model system
developed in this study has been partly employed in the GOSAT-2 project.

Keywords:
greenhouse gases, satellite observations, atmospheric transport model
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FOROREERKHEERITEAT  SnARERER « iS5
FHIML 22 TE PR FE A L ERBLHIA JE & o % —  fAKE = + Chong Shi

EHE

BRI & KRR D8 & 72 D REIHYE OWFZE /0 Ah & mkis T T3 212k, Bl —
HEEN LT — XL TFEEZRAT A Z EM AR THY . ARETII= T vy L7 —Z [l
FEERA LR IR RGBT AT D EBEST L 2N E TS, ZhE TRAIGY
W& gk /b NICAM-Chem (Zxf L C., Rr7 v Y%7 b~ 7 4 0% — (Localized
Ensemble Transform Kalman Filter: LETKF) ZHAWT, fE OGN 2R tETHH T 2/
NVIEFRIE S (Aerosol Optical Thickness: AOT) Z[Afb9 5 Z & C, LV @EEERT vy LViG%
FELTE, LoL, AOT X377 Y VOMEREERETHI =D, T—H[AHbEIT/R->Th,
T RYVERESAE ) ES HHETL2OFEH LV, 22T, =7 e Y LORESAIEHRE b O
T a Y LEE%RE (Coefficient of acrosol extinction: Cext) DI EZ AW, =7 2y L5 —4[FH
k& 7=, NICAM-Chem O 2EKMR A H W, [FbT 22T — & & LT, MWihiEfE
MODIS/TERRA 7615 H 72 AOT IZHN 2 T, fifiliE i & CALIOP/CALIPSO 72> 545 H 4172 Cext &
Wiz, TOFER, CALIPSO (2L » THELNT- Cext Z[FHLT 5 Z & T, =7 v Y ILEEN A H
BMERE EL, L2 D LT 5 2 L AR TE -, & 51T, &M d CALIPSO (2L 5 Cext
L. HH o MODIS @ AOT & ZflAGbEFILIC L > T, LY ERHEOHERIELNLZ LD
WDz, ZOZ LiF, MATHELEHETVRVMEN T RWEEGET O HET — ¥ %22 F
SHABEDEIZRE L, B—OHRIZT TIXER LR oz T v Y L PRIERECICER D 2
LERLTWD,

F—U—FK:
KKIGFLWE., RKIEETH
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WHFEREA

7 a Y NT— R ETER LI RRIELTHEIS R T b DOEE
FMEAFEE

PR 31 AR~ TN 3 AR
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State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical
Fluid Dynamics (LASG), Institute of Atmospheric Physics (IAP), Chinese Academy of
Sciences (CAS) Tie Dai, Yueming Cheng
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FORRFRKUEERTZERT SRR - S S
FHIML 22 TE PR FE A L ERBLHIA JE & o % —  fAKE = + Chong Shi

1. EEB

BB R & R O L 72 5 KAV BT, RZEMEBRERICRE VD, T0H, KA
5 Y DI ZE A0 & S TP 51, BT — 2 20 LT — 2 RLFEE R T
HIENAARTHY  F—FRULFHEOBACR L TRA— = Vo — 2 BNWUHEE 72 D725,
7T —Z AL FEERA Lk AR RGBT AT AT 5 2 b A N E T
%,

F—U—F:
KKIGLWE., RRIFEETH

2. A— 8— Vo — & FI Bk

2.1 FHEHEFIRAERRE (201944 A1 H~11 A 30 H)
CPU ¥l v _deb (T3v 7 H) : 1,144,26 hours
v 32cpu (A K 32CPU =277)  :0.00 hours
v 96cpu  (Fx K 96CPU =27°)  :90,106.02 hours
v_160cpu (Fz K 160CPU =27°) :0.00 hours
it : 91, 250.28 hours

2.2 FlFAHE
AWFZEHRA TIL, FEFRJ12F1E 20 AR KK E T /L NICAM T RAIGYME % 35+ 5 NICAM-
Chem EF/VZ AW, WHIEHEZ{T/2> T\ 5,

3. WFERER

3.1 BE

7 a Y ILOESAIERE b O T 1 Y LIEEREL (Coefficient of aerosol extinction; Cext) @
B EZ AT, RRIGYE LT T /L NICAM-Chem (Z%f L C, RATT7 v YT b~
4 L4 — (Localized Ensemble Transform Kalman Filter; LETKF) (Z X5 =7 v v 75 —X L%
7oA BT, FDORER. CALIPSO IZ X » T BTz Cext AT 52 & T, =7 1 Y LERE Sy
MARBMERT L, FE2 2 £<BMT5 2 L3R TE 2, S 51T, CALIPSO (2 X 2 LI E
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Bhigni=d . & CALIPSO (2 X 5 Cext &, HH D MODIS @ AOT & ##lAA/bE7-FIkIC
LoT, LUVERBEOHRENEGEONDZ & BHENDT,

32 HREEH

KRETGGIBREMEE LT, 1970 FENDEH SN TRV, 2013 0 PMys B&Ei 212, BHA
THRRERASMEICLR>TE L, £TO—FT, KKQUGEWEDOREN 2O THH=T 1Y/
ME, REHT, KA RIEELT 2 2 &0, ZBOgMZE L TEDMWIELEZ D Z &
IZ& o T, HERO SIS L ORI KR E % 5. 2 T 5, I, EESMICE, HERERE
{EZMHIT D720, RN AR AUCEIN D & W S 5 EFmEUER 7 (Short-Lived
Climate Pollutant: SLCP) 237EH & T\ 5, BRI & KUEFEDOHE & 70 5 RETGYE I,
ZEREBMBIEFIZREI NV, TOTD, KRKIGYWE ORFZER] 340 % ks T T 5 12i%, Bl
F—=B N LT =2 b FREZRAT A2 Z N ARARTHY . T — X FEULFEOE AR L
TA=NN—a B a—XRNWEAELRDZD, =7 Vr —2EULFEZ B U R IR
YT AT WEAEET H L2 AN ET 5,

3.3 AEFE

FEFFIF0E 20 HAAKS T- K& ET /L NICAM (e.g., Satoh et al., 2014) ([ZHFH I N/-= 7T 1/ LE
T LT, RET T v 7 iv~< 7 4 V4 — (Localized Ensemble Transform Kalman Filter:
LETKF) (Huntetal,2007) #@#M322& T, =7 vy L7 —X[F{t (Daietal,2014b) %175
oo TNETIZ, =7 AT —ZREbEzEHALRVW 7oy Ly I alb—y g UL TL,
BEBEDO T I 2 L— 3 (Daietal, 2014a) RCHARAL KGR L LcEBSEOY I 2 b—2a v
(Gotoetal.,2015) #4T>TEY, TOET ADERTHRKKIG RSB RKIGY R &2l fmBl T
D ENMENDENTND, EkETOTT By AT —Z UL Tk, WfEf#FE MODIS/TERRA
(Levy et al., 2013) <°FF L2 AH/OE OV (Yoshida et al., 2018) 72 EDFRIZL > THLILD
QWILET R Y NVETHDHTT vy L ERE X (Aerosol Optical Thickness; AOT) % V7= (Dai
etal, 2019) , LA ULAMFEIL, MlliEfH 2 CALIPO/CALIPSO ([ L > CTHLND 3 RLTT 17/
NETHDLTT 1Y WEERE (Coefficient of aerosol extinction; Cext) % [A{bZE%% & L7z (Chenget
al., 2019), AOT(=1(x,y)) 1L Cex (x,y,2) ZHIFH IO KK EindE THE LZMEICZR>TEBY, £0
BRI L Hic s,

z=top

(x,y) = ] Coxt(x,y,2)dz (D

z=surface

72¥, AW THWE NICAM O 7 AV /KEMEEE 13428k 220km & U7, x40 2016 4F 11 A T,
REBINCEP-FNL T — 2 &2+ vV 7 Lz, =7 a Y )VOdeEA X2 F U, A&RIFEIE
HTAP v2 (Janssens-Maenhout et al., 2015) |, #FRMAKEIIL GFEDv3.1 (van der Werf et al., 2006)
THY, BB X OMHER FIXZET AN TRAESED, —FH., BT VORIEZH W=D,
FREIE 2 MODIS/TERRA @ AOT C, NRL (Naval Research Laboratory) (& & = CTHEflk S 47z 6
METH D, =71V L7 —XZFE{TiL, CALIPSO @ Cext & MODIS @ AOT ##lAGhHE-=
T a Y LEfb ATV, BRI 24 B A £ L Ls, T Ui 20 & Lis, RMRICHWD
WMEZEOMAEDLHICE LTI, R 1ICEHLZEBEY TH D, £1OERBOENEFHLZ L
T, 3 kT uVvEEZHAWERILOEEE ., B 582 %2 HWIZRILOMAE DT TED
HEERard 5 2 ENAlfe L 725, £, T—XRHLICEET 2 /37 A — X ORFEEMEZ D
TDDRRERERGITo (R2) . ok, BRrmEZHWERIEFEL ZNETHEVEHI
NTELHT, AFEOREN RO REmE VR 5,
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# 1. KR TITo o7 v V' IVFE{EEER,

SR 4, Gkl CALIPSO NRL MODIS e 78
FR (FreeRun) X X x --
LETKF-CALIPSO o o X 1 IRffH
4D-LETLF-24H-CALIPSO o o x 24 W
4D-LETLF-24H-NRL o x o 24 F#E
4D-LETLF-24H-CALIPSO-NRL o o o 24 W
4D-LETKF-24H-CALIPSO-night o A (only night) X 24 B
4D-LETKF-24H-CALIPSO-NRL-night o A (only night) o 24 [REFH]
# 2. FULICBEE T 387 2 — 2 IZx3 2B ER,
JERJE S BR4 ARk ShE R PT L THEek - HEH &
(km) (km) 8 (%)
4D-LETKF-24H-CALIPSO 200 200 100
4D-LETKF-24H-CALIPSO-HL500 500 200 100
4D-LETKF-24H-CALIPSO-HL1000 1000 200 100
4D-LETKF-24H-CALIPSO-HL2000 2000 200 100
4D-LETKF-24H-CALIPSO-VL 200 1000 100
4D-LETKF-24H-CALIPSO-Dust 200 200 500

*Tf\‘f CALIPSO ClRMEL7=fERTH D, Fz, RFMbLEIEXT —Z bz @M T 5% 4 XE2RLTE
. FOERTITESGNICEL ST LD T, Fl2IEAKERIEED 200km O8E13. FEEITIT 730km
@#4% IEEND T v RExg s LIZFEEIT 9,

34 FER

B 1 iE, RS HICK T A= 7 oy (Cext) SnENAAD Y I = L— 3 UfER L CALIPSO #l
HFEREZRL TN D, _@lﬁ 5. CALIOP (2 X » TEBNT= Cext Z[Afkd 5 Z & T, fEEICE
BT a Y UENE AR BRI LTS 2 ERH LN E o T, BlAIR, A A~ A REE
(Biomass Burning) HTiL, Fb7e LOFER (K1 OFFEHR) i/ NEmER Th - 7203,
CALIOP Z[Afbd 2 Z & THER (1 OFRERSE) BeEsiiz, L, SAM (F7 A U 1)
TIXEHE AT > Th, CALIOP OFER L OEITETLERE D oTe, ZHIUTIEMRRTOTT VAR &
B OZEN, ToH T EAEEEL Y b RE WD, FbIC X > TEENR SN o T &
Ezond, LEEnoT, BT 2ENCET VAR (FRAER, K1 OEFER) OUENLETH
0. ASEIOESIZERRS L L7 2016 4 11 AL A~ 2ARENSHEH SN AT a VL&D
/NGl A ST D MEDVURIB ST, MOTEBIZIE TS, FHkICX > TERH E D o3
BRWEELH LN, FOREITITCOET NVEEOBEMENR S 20D LRI T 281017 — & 73
DTN Z ERFET I, FUEBERIZ D E< 0o TS Ll Ccx 5,
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M 1. HFROFERICKIT 57 a0 S AHBREROIRE DT, Y7T1E SAM (South America), SAF(South
Africa), SEA(Southeast Asia), NAF(North Africa), WCN(Western China), WAU(Western Australia),
IND(India), ECN(Eastern China), WEU(Western Europe), EUS(Eastern United States), NWP(Northwest
Pacific Ocean), NAT(North Atlantic Ocean), CAT(Central Atlantic Ocean) CTd» 5, FDEWMIK DT
S LB ADEDRERETH Y, £ IR LEALEITHE S, FHRIE Cext DIET, A
I% CALIOP & OfR75%5~9, [XiE Cheng et al. 2019)DX 7 NHHHELIZHDTH Y . KD
JEFld Cheng et al. (2019)DX 3(a)lZFR# H 5,
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ESIZEMEAEREZRGIET D201, X 2 BT eEkE Lk 2 BT vy A EBRE D
BISRE i Rs Uiz, 22Tk, K1 i%zﬁTb\fxb\éé%ﬁf%é W CALIOP 7 — # % [
{RITHW DBINESR (5284 D% (Z-night Z3B01) b r L TH Y, BRI O CALIOP 7 —# Mﬁsum
A7 —4% L3252 LT, FUBIZIIERH LWz L7-8URT — % 2 W it 21T - 72, X 2 &
735 4D-LETKF-24H-CALIPSO-night (f§f&#%) & 4D-LETKF-24H-CALIPSO-NRL-night (Z{af) |
SF DKM D CALIOP (B OF — & AW fERITEE 0.6km LL N O 7 v Y LERE A & X
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Abstract:

Air pollution is the key to environmental and climate issues. To more accurately forecast its spatio-
temporal distribution, a data assimilation technique for air pollution using measurements is required. The
purpose of this project is to develop data assimilation into an air pollution transport model (NICAM-Chem)
as the next-generation system of the atmospheric forecasting system. So far, the Localized Ensemble
Transform Kalman Filter (LETKF), which is one of the data assimilation techniques, has been applied to
NICAM-Chem using Aerosol Optical Thickness (AOT). However, since AOT is a 2-dimensional product, it
is difficult to improve the 3-dimensional aerosol distribution in NICAM-Chem. Therefore, in this study, a
new 3-dimensional aerosol extinction coefficient (Cext) was applied to the assimilation system of the global
NICAM-Chem. The measurements were obtained from MODIS/TERRA-retrieved AOT and CALIPSO-
retrieved Cext. As a result, the data assimilation technique using Cext improved the vertical profile of the
simulated aerosol. In addition, a combined assimilation technique of CALIPSO-retrieved Cext during the
night and MODIS-retrieved AOT during daytime resulted in a better performance. This demonstrates the
new successful assimilation of aerosols using multiple products from multiple satellites, suggesting that the
simulated aerosols in the forecast system are more accurate.

Keywords:
air pollution, forecast of air pollutions
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Abstract:

This study aims to develop a new air quality prediction system which covers systems from meso scale
to urban scale. The system will be used as a research platform for the weather and atmospheric environment
around urban regions. A state-of-the-art data assimilation system is constructed by using the regional
atmospheric model SCALE-RM and local ensemble transform Karman filter (LETKF). In this FY, we
evaluated the computational performance of the SCALE-LETKF. We also developed SCALE-Chem, which
is a coupled system between the SCALE-RM and NHM-Chem. The SCALE-Chem showed a fairly good
performance result in the model inter-comparison of atmospheric 137Cs from the Fukushima Daiichi Nuclear
Power Plant accident. The simulation results of the model also showed good agreement with the ground
observations of the aerosol around the Osaka region.

Keywords:
regional-scale simulation, urban-scale simulation, aerosol, air pollutant, data assimilation
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Numerical study on cloud systems using NICAM
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Masaki Satoh, Atmosphere and Ocean Research Institute, The University of Tokyo

Project members:
Woosub Roh, Atmosphere and Ocean Research Institute, The University of Tokyo
Tempei Hashino, School of Environmental Science and Engineering, Kochi University of Technology

Abstract:

Our goal is to evaluate and improve the simulation of cloud and precipitation systems simulated by a
global non-hydrostatic model, NICAM (Non-hydrostatic [Cosahedral Atmospheric Model), using satellite
observations. Various types of cloud systems are formed depending on the environment on the earth,
influencing human society via extreme events including heavy rain and strong winds. Also, the change in
radiative forcing associated with cloud systems is one of the largest uncertainties in predicting climate change.
To evaluate and improve the simulation of cloud systems by NICAM, we perform cloud-resolving
simulations for regional and specific meteorological events using the NIES supercomputer.

This year, we joined the international intercomparison project of global cloud-resolving models. We
intercompared the cloud properties of global cloud-resolving simulations over the Atlantic Ocean. We found
that the domain-averaged Outgoing Longwave Radiation (OLR) was similar in each model, but the vertical
profiles of cloud fractions were different. We evaluated the cloud fraction of NICAM using a Joint simulator
and satellite observations like CloudSat and a Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation (CALIPSO) lidar.

Keywords:
global cloud system resolving model, precipitation systems, satellite simulator
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Project name:
Numerical study on cloud systems using NICAM

April 2019 — March 2020

Project leader:
Masaki Satoh, Atmosphere and Ocean Research Institute, The University of Tokyo

Project members:
Woosub Roh, Atmosphere and Ocean Research Institute, The University of Tokyo
Tempei Hashino, School of Environmental Science and Engineering, Kochi University of Technology

1. Research objectives

It is important to reproduce realistic cloud precipitation systems of numerical models in order to improve
the prediction skills of climate models and data assimilation of satellite data. It is possible for the global non-
hydrostatic model NICAM (Non-hydrostatic ICosahedral Atmospheric Model) to simulate global cloud
systems explicitly with various levels of temporal and spatial resolution, and it is expected to be the next
GCM to predict climate and hydrology cycles. This research aims at evaluating the cloud precipitation
systems of NICAM using satellite data and a satellite simulator for the understanding of the physical
processes of clouds and precipitation.

Keywords :
global cloud system resolving model, precipitation systems, satellite simulator

2. Record of supercomputer use

2.1 Devoted computing time (April 1- Novmember 30, 2019)
CPU hours v_deb (Debug) : 0.00 hours
v_32cpu (max.32CPU cores) :0.00 hours
v_96cpu (max.96CPU cores) :0.00 hours
v_160cpu (max.160CPU cores) : 0.00 hours
Total : 0.00 hours

2.2 Details of supercomputer usage

The NIES supercomputer was used mainly for the calculation of radiances from the NICAM results
using a satellite simulator. Several sensitivity tests of cloud system resolving simulations were conducted
with a stretched grid in NICAM. The visualizations and statics were done using the work station of the
Atmosphere and Ocean Research Institute.

3. Research progress and results

3.1 Outline

In this fiscal year, we joined the DYnamics of the Atmospheric general circulation Modeled On Non-
hydrostatic Domains (DYAMOND, Stevens, et al., 2019) project. We intercompared the cloud properties of
global cloud-resolving simulations in the DYAMOND project over the Atlantic Ocean. We found that the
domain-averaged Outgoing Longwave Radiation (OLR) was similar in each model, but the vertical profiles
of cloud fractions were different. We evaluated the cloud fraction of NICAM using a Joint simulator and
satellite observations like CloudSat and a Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation
(CALIPSO) lidar.
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3.2 Research background and purpose

Global cloud system resolving models (GCSRMs) such as the Nonhydrostatic [Cosahedral Atmospheric
Model (NICAM, Satoh, et al., 2014) are widely used for understanding cloud systems and projections of
future climate. These models have cooperated with satellite missions to test retrieval data and data
assimilation before the launch of a satellite.

These models have uncertainties derived from their cloud microphysics schemes. Recently, various
methods have been proposed to evaluate and improve the cloud microphysics schemes of GCSRMs using
satellite data. GCSRMs and retrieval algorithms have different assumptions of microphysical properties such
as the size distributions of hydrometeors. One method to avoid uncertainties resulting from this difference in
assumptions is radiance-based evaluation using a satellite simulator, because it uses the same setting of
microphysical properties as GCSRMs (Masunaga et al., 2010; Hashino et al., 2013; Matsui et al., 2014).

In the previous fiscal year, we evaluated two microphysics of super-cooled water clouds in NICAM
over the Southern Ocean as a single-moment scheme using a Join simulator (the NICAM Single-moment
Water 6-categories, Tomita, 2008b; Roh and Satoh, 2014, hereafter NSW6) and a double-moment scheme
(the NICAM Double-moment scheme of 6-Water categories, Seiki and Nakajima, 2014, hereafter NDW6).
We found good agreements of super-cooled water clouds near the boundary layer by NDW6. We investigated
the reason for the better performance of super-cooled water clouds in NDW6 compared with NSW6 and
improved the NSW6 using the NDW6 results.

Recently, many GCSRMs such as NICAM have been developed and used for simulations with a few
kilometers’ horizontal resolution. It is important to intercompare GCSRM simulations and investigate the
characteristics of clouds and precipitation. The first intercomparison project for GCSRMs was the DYnamics
of the Atmospheric general circulation Modeled On Non-hydrostatic Domains (DYAMOND, Stevens et al.,
2019). According to Stevens et al., 2019, the intercomparison of GCSRMs gives shape expectations and
guides future developments by understanding cloud microphysical processes and representations of turbulent
mixing.

In this fiscal year, we investigated DYAMOND data for cloud properties using satellite observations
over the Atlantic. There are three typical cloud types: shallow cumulus, cumulonimbus, and congestus (e.g.
Johnson et al., 1999). In this report, we investigate the vertical cloud structures over the Atlantic using
DYAMOND data. The purpose of this study was an intercomparison of GCSRMs and an understanding of
the characteristics of NICAM for the performance of tropical cloud simulations. We try to discuss the
possibility of evaluations using a Joint simulator and satellite data.

3.3 Data and methodology

The DYAMOND data were initialized on 1st Aug. 2016 with the same ECMWF 9 km reanalysis data.
The total integration time was 40 days. Nine models participated in this project: the global non-hydrostatic
model of the Météo-France (ARPEGE-NH, Bubnova et al., 1995), the GFDL Finite Volume Cubed-Sphere
Dynamical Core (FV3, Lin, 2004), the Goddard Earth Observing System (GEOS, Putman and Lin, 2007), a
non-hydrostatic model discretized over an icosahedral (ICON, Zangl et al., 2015), the ECMWF Integrated
Forecasting System (IFS, Wedi, 2014), the Model for Prediction Across Scales (MPAS, Skamarock et al.,
2012), a Non-hydrostatic ICosahedral Atmospheric Model (NICAM, Satoh et al., 2014), the System for
Atmospheric Modeling (SAM, Khairoutdinov and Randall, 2003), and the Unified Model (UM, Wood et al.,
2013).

Four models did not use cumulus parameterization (ARPEGE-NH, ICON, NICAM, and SAM) and the
other models used the shallow or full parametrization for clouds. The simulations except for the UM
simulation were done with less than 5 km horizontal resolution. The NICAM, IFS, and ICON simulations
were done with coarser resolutions for the sensitivity experiments.

We used daily OLR data from the Clouds and the Earth’s Radiant Energy System (CERES; Wielicki et
al., 1996) with one-degree spacing. We used the merged CloudSat/CALIPSO data (DarDar data, Delanoé
and Hogan, 2010). The 94 GHz radar reflectivity, 532 nm total attenuated backscatters, and simplified cloud
mask (Delanoé and Hogan, 2010) were used as observation data in the DarDar data.

We focused on the domain over the Atlantic with 30°W — 50°W and 0°N — 20°N and the data on the
11" Aug. 2016.

We evaluated the cloud fractions of NICAM using CloudSat and CALIPSO signals using a Joint
simulator and will discuss the findings in the discussion section. The sensor simulator used was the
EarthCARE Active Sensor Simulator (EASE, Okamoto et al., 2007, 2008; Nishizawa et al., 2008).
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3.4 Results

Figure 3.1 shows the horizontal distributions of daily OLR on the 11" Aug. 2016 for the CERES
observation and the NICAM, IFS, ICON, and GEOS models. The CERES data show a convective band near
the equator and a large convective system over the American continent (60° W-80° W). The four models
reproduced similar large-scale cloud systems like a convective band over the tropical ocean and a lager
convective systems over the American continent. The CERES observation data with daily OLR data and with
a horizontal resolution of one degree is useful for understanding the large scales of cloud distributions.
However, the CERES data have limitations for small scales of cloud systems and the lifetime of mesoscale
convective systems. It is necessary to use merged 11 mm brightness temperatures which have smaller
horizontal resolutions than 5 km and 30 min temporal resolution. A satellite simulator is needed for the
evaluation using 11 mm brightness temperatures instead of OLR.

LONGITUOE

100 120 140 160 180 200 220 240 260 280 300 320

Fig. 3.1 The horizontal distributions of daily OLR in CERES (a), NICAM (b), IFS (¢), ICON (d), and GEOS
(e) in 11" Aug. 2016. The unit of contour is W- m. The white box is the analysis domain.
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Figure 3.2 shows the vertical profiles of the domain-averaged mixing ratios of cloud water and cloud
ice at 00 UTC on the 11th Aug. 2016. All simulations reproduced the triple modes of cloud systems, i.e.,
shallow, congestus, and deep clouds. The distribution of cloud water describes shallow and congestus clouds.
The peaks of cloud water amount in shallow clouds are between 1.5 and 2 km altitudes in the DYAMOND
data. The peaks of cloud water amount in congestus vary from 4 km to 7 km altitudes. It means the dynamics
of congestus are different in the simulations. IFS reproduced the highest peak of the cloud water amount
better than the other models. Most of the models reproduced the 5 km altitude of congestus. The distribution
of cloud ice shows a deep-cloud mode. NICAM shows a large amount of cloud ice near 14 km. SAM and
GEOS reproduced a lower height for the maximum amount of cloud ice near 9 km. SAM and GEOS included
the precipitation ices and rain in the cloud ice and the cloud water categories, which affected the increase of
cloud water and cloud ice amount.
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Fig. 3.2 Vertical profiles of domain-average mixing ratio of cloud water (a) and cloud ice (b) on 00UTC 11th
Aug. 2016.
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Figure 3.3 shows the vertical profiles of cloud fractions. The observation was based on the simplified
cloud mask (Delanoé and Hogan, 2010) from the merged data from CALIPSO and CloudSat. In the
simulations, we defined clouds with a mixing ratio of cloud water and cloud ice larger than 1 mg/kg-1. The
observation shows the triple modes of clouds as vertical profiles of the domain-averaged mixing ratio. The
shallow clouds are dominant compared to congestus and deep clouds. Although the simulations reproduced
the three modes of clouds, the fraction is different in each model. For example, NICAM underestimated the
shallow and deep clouds compared to the observation and the other models. ICON reproduced a higher
fraction of shallow clouds than the observation and NICAM. IFS and SAM reproduced higher congestus
clouds than the observation and the other models. It means that the distribution of the OLR is similar, but the
vertical structure of cloud systems is different in each model.
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Fig. 3.3 Vertical profiles of the cloud fractions among DarDar, NICAM, and ICON (a), among DarDar, IFS,
GEOS, and SAM (b) in 11th Aug. 2016.
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The choice of the threshold of mixing ratio affects the cloud fraction (Fig. 3.4). We tested three different
thresholds in NICAM. When we reduced the thresholds of the mixing ratio, the fraction of the high and
shallow clouds increased. This means that the detection of clouds is important for the evaluation of the
vertical structure of clouds.
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Fig. 3.4 Vertical profiles of cloud fraction in NICAM with different thresholds of clouds.

The variables of DY AMOND data are not enough to run the Joint simulator. The reason is the shortage
of output data on hydrometeors. We ran tests only for NICAM. We used the merged brightness temperature
and CALIPSO/CloudSat singles for the evaluation.

First, we compared the horizontal distribution of clouds using 11 mm brightness temperatures (Fig. 3.5).
A convective band was shown in the observed brightness temperature, and NICAM also reproduced a
convective band near the equator. Shallow clouds were found in the northern part of this analysis domain.
The simulated 11 mm TBB showed an underestimation of clouds and a small size of high clouds compared
with the observation. These results correspond to previous vertical profiles of cloud fractions like the
underestimation of shallow and deep clouds.
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Fig. 3.5 Horizontal distributions of 11 pm brightness temperatures in the observation (a) and NICAM (b)

on 00UTC 11th Aug. 2016.

We evaluated the vertical profiles of cloud fractions using CloudSat and CALIPSO (Fig. 3.6). We
compared the cloud fraction between CloudSat and NICAM using the same threshold of radar reflectivity.
We used the threshold of -25 dBZ for cloud detection by the cloud radar. The cloud radar is more sensitive
to precipitating ice and rain than the lidar. The cloud fraction observed by the cloud radar was similar to the
cloud fraction from the simplified cloud mask from CALIPSO and CloudSat. The fraction of CloudSat above
14 km was underestimated compared to the merged cloud mask of the DarDar data. The cloud fraction of
NICAM showed similar patterns to previous analysis such as underestimation of high and low clouds
compared to the observation. The observation shows surface clutters of observation. The cloud fraction of

NICAM did not show any surface clutter for CloudSat.
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Fig. 3.6 Vertical profiles of cloud fraction by cloud radar (a) and lidar (b).

We compared the cloud fractions between CALIPSO and NICAM using the same threshold of the 532
nm total attenuated backscatter of lidar. We used the threshold of 5x107/m!/sr"! for the cloud detection of
the lidar. This threshold is a relatively large backscatter for clouds to detect optically thick ice clouds and
water clouds. The observation of CALIPSO shows a high fraction of shallow clouds and congestus clouds
with liquid phases of clouds. NICAM shows an underestimation of cloud fraction for shallow and congestus
clouds by the lidar. It means an underestimation of backscatters compared to the observation. One reason is
the underestimation of liquid water content because of a fast transition from cloud water to the rain category
in NSW6. We think the evaluation using CALIPSO is one of the best tools to improve the autoconversion
process from cloud water to rain in our microphysics scheme.
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4. Summary

In this report, we compared the cloud properties of DYAMOND data over the Atlantic. The horizontal
distribution of OLR was found to be very similar to most of the models, but the vertical structure of the
clouds had large differences among the simulations. The cloud fraction was affected by the threshold of cloud
detection. It is important to use the same criteria between satellite data and models. The protocol for the
output is not enough for using a satellite simulator like the Joint simulator.

We evaluated the NICAM results with CloudSat and CALIPSO using a Joint simulator. We found that
NICAM underestimated the cloud fraction of shallow and congestus clouds compared to satellite data.

5. Future perspective

This study implies that it is important to use the same criteria when intercomparing cloud properties. A
satellite simulator like the Joint simulator is one of the best tools to use the same criteria and evaluate the
results compared to satellite observations. However, more variables and information are needed to run the
Joint simulator for the DYAMOND data except for NICAM. We need to suggest a list of output variables
for the Joint simulator to the GCSRM community.

We think one of the hints about improvements is the diversity of vertical cloud fractions in DAYMOND
data. For example, we can increase shallow clouds using the results of the overestimation of shallow clouds
in ICON and IFS.
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Abstract:

The effect of seasonal change on the quasi-biennial oscillation (QBO) was investigated using the
chemistry-climate model (CCM) of the Meteorological Research Institute (MRI) by fixing the seasonal
change in CCM simulations. The MRI-CCM of the T42L81 version could realistically reproduce the QBO
in wind and ozone fields of a 29-month period in a climatological simulation under annually repeated sea
surface temperature with seasonal change. To this standard model simulation (control run), four anomaly
simulations (perpetual runs) were made by fixing solar declination on the 15" of January, April, July, and
October for about 20 years. In the three perpetual January, July, and October runs, the QBO was maintained
and persisted although there were some differences in periods and amplitudes among the three runs. On the
other hand, the QBO in the perpetural April run, began to weaken after 15 years and the downward
propagation of the westerly wind stopped at about 20 hPa, resulting in the ceasing of the QBO. The cause of
this disappearance is related to the background wind in the upper troposphere, which filtered out the
parameterized gravity waves propagating upwards to the stratosphere.

Keywords:
quasi-biennial oscillation, stratospheric ozone, chemistry-climate model, seasonal change
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— B VAT A ETa RSN LU THER L, W7 — 213t E R Tt 3 5 7 — & fight i
— Rk LT &2 B 272 o 72,

3. HAERER

30 HRELEE®

INETORABEERICLY, HEREFREODEREAFHFOMENESHEREIN TS, D
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Abstract:

An atmospheric general circulation model (AGCM) experiment was performed for a land planet
configuration: a bucket model was applied to the whole surface. A land planet possesses much less water
than the ocean of the Earth and is considered as a possible kind of exoplanets. It has been discussed that a
land planet can maintain liquid water on its surface despite a less amount of surface water for a wider range
of solar constant than an aquaplanet whose entire surface is covered with the ocean (Abe et al., 2005).
Therefore, a land planet is an important example for considering the habitability of exoplanets. Abe et al.
(2011) performed a land planet GCM experiment and showed that surface water is maintained for solar
constant values below 2333 W/m?, and that complete evaporation of the soil moisture occurs for solar
constant values larger than the critical value. In this study, we performed a follow-up experiment of Abe et
al. (2011) in order to reexamine the critical value of the occurrence of complete evaporation. The model
utilized in this study was DCPAMS. A bucket model was applied to the whole surface. The value of the
planetary rotation rate was set to be Earth's value. The value of solar constant was increased up to 2400 W/m?.
Two kinds of states were used for the initial states of the atmosphere: one was an equilibrium state obtained
by aquaplanet experiments similar to an experiment by Abe et al. (2011), and the other was a runaway
greenhouse state. In neither case did complete evaporation state emerge. Almost all the surface water existed
in the polar regions. However, further investigation is necessary for examining the dependence on parameters
such as obliquity.

Keywords:

exoplanets, land planet, atmospheric general circulation model, runaway greenhouse state, complete
evaporation
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Overview of the NIES Supercomputer Systems

Environmental Information Department, National Institute for Environmental Studies
NEC Corporation

Abstract:

At the National Institute for Environmental Studies (NIES), the NEC supercomputer system, SX-
9/A(ECO) (for the vector calculation server) was in operation from June 2013 to March 2015. From June
2015, anew system, SX-ACE started operation. Also, SGI UV30 was added to the scalar processing computer
from November 2016.

The system was configured of an SX-ACE (for the vector calculation server) and other central machines;
SGI UV20, UV30 (for the scalar calculation server), NEC Express5800 (for the vector front-end server), SGI
Rackable (for the scalar front-end server), and DDN SFA12K-20 and NEC iStorage D3-30 (for the large
capacity file system), among others. The network utilized an IXS and 4X InfiniBand FDR.

The SX-ACE had a peak vector performance of 98.3 TFLOPS (256 GFLOPS per node), and had the
following features:

- 24 TB of main memory (64GB per node)
- inter-node crossbar switch (IXS) interface at 8 GB/s

The scalar calculation server (SGI UV20, UV30) had the following features:
- two 4X InfiniBand FDR at 13.56 GB/s

The large capacity file system had the following features:
- large capacity file system (approx. 1.6 PB of raid disk)

However, the operation of SX-ACE was finished at the end of November 2019. We are now operating

a new system, SX-Aurora TSUBASA A511-64 from March 2020. The operating report of the new system
will be published as a part of the NIES Supercomputer Annual Report 2020.

Keywords:
SX-ACE, SX-9/A(ECO), vector computer, scalar computer, large-scale memory, large capacity file system
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Project
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NAKAYAMA T., WATANABE M.: Development of Process-based NICE Model and Simulation of
Ecosystem Dynamics in the Catchment of East Asia (Part I)
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NozAWA T., NAGASHIMA T., OGURA T., YOKOHATA T., OKADA N., SHIOGAMA H.: Climate Change
Simulations with a Coupled Ocean-Atmosphere GCM Called the Model for Interdisciplinary Research
on Climate: MIROC

CGER-1080-2008 (Out of stock)
SHIBATA K., DEUSHI M.: Simulations of the Stratospheric Circulation and Ozone during the Recent Past
(1980-2004) with the MRI Chemistry-Climate Model
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NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part II)
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MAKSYUTOV, S., NAKATSUKA Y., VALSALA V., SAITO M., KADYGROV N., AOKI T., EGUCHI N., HIRATA
R., IKEDA M., INOUE G., NAKAZAWA T., ONISHI R., PATRA P.K., RICHARDSON A.D., SAEKI T., YOKOTA
T.: Algorithms for Carbon Flux Estimation Using GOSAT Observational Data

CGER-1097-2011 (Out of stock)
NAKAJIMA K.: Idealized Numerical Experiments on the Space-time Structure of Cumulus Convection
Using a Large-domain Two-dimensional Cumulus-Resolving Model

CGER-1098-2011 (Out of stock)
UEDA H.: Atmospheric Motion and Air Quality in East Asia

CGER-1103-2012 (Out of stock)
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part IIT)

CGER-1108-2013 (Out of stock)
KoMORI S.: Numerical Simulations of Turbulence Structure and Scalar Transfer across the Air-Water
Interfaces

CGER-1114-2014 (Out of stock)
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part V)
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GoTO, D., SCHUTGENS, N.A.J., OIKAWA, E., TAKEMURA, T., NAKAJIMA, T.: Improvement of a global
aerosol transport model through validation and implementation of a data assimilation system

CGER-1138-2018
TAKEMURA, T., AND SPRINTARS DEVELOPER TEAM : Development of a global acrosol climate model
SPRINTARS

CGER-1143-2019
MAKSYUTOV, S., ODA, T., SAITO, M., TAKAGI, H., BELIKOV, D., VALSALA, V.: Transport modeling
algorithms for application of the GOSAT observations to the global carbon cycle modeling

CGER-1148-2019
NAKAYAMA T : Development of Process-based NICE Model and Simulation of Ecosystem Dynamics
in the Catchment of East Asia (Part V)
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http://www.cger.nies.go.jp/ja/activities/supporting/publications/report/index.html

Many of the reports are also available as PDF files.
See: http://www.cger.nies.go.jp/ja/activities/supporting/publications/report/index.html
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