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2019) , EEEIXEEMENELS, MEREZED L0 T, KRKENENL, ZOREHENE S
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L2 50T, OELF., HHEAF—L2 LAY CRETILERD D,
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MIROC KA BERE &7 VOB T, FFICEROFBMEOSEIZEY #LA T2, PROGD KA,
BT IIHEEZ G T DL, BREVIEFIZRE LS RD AL TARFE L, AiikO@EY . PROG
TIE EEEENENT 5, FEERREDRNES, HEKEZRD LD T, KEAKENHEML, %
DKELZDRBNREN I SITHIERZBED D &) 7 4 — Ry 7 7 e ZARMEO T2 /[ REMENR B 2
HILD, T, WEOEEZEEL THDHRK[ET L TIERE 2RI B0, KA
EEETINVTIIREREENANTAEZELEIED, Lo T, E-BAKTaRE2EHT LI LI
S U Tl « SLiE 7 m B AR EDOMDRT A —2 L, MEREZGHHIL TRT U AEZ D ME
N5, ZNHOFEEED, B LVWMIROCHBED KA 2 WU LI TE 5 L 9 IChRT
By EBT, TETADOE, K, REAF—LONRTA—FEHRHEL, E4HE L THEHIIE L
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X 3. Bl ROGEER & AP OMIROC PROGKRRIBERETT IV ONEFEZKE L ARRE,
2EEHEE KR DOA EIZRT,

WEMIE TR, T2 2, VI a2 b—ra UREREFIH L TR L OB R~ DR A A L,
N7 Ly R B EETHEERT (BREEA2020) ([2F & ©7-, Shiogamaetal., (2021) 13, SUFEZHE)
DFEFIN 9 F K HEE 72 NSSP5-8.53F U FITHBN T, HLARHHEACERER L2 X 5 22 K (1960~
2040F CTIRORDO HBEKEZB X 56 D) % OFBMACHAIE (2020~21004) T3[EIFEERERT 5
L HERF L 72, Shiogama et al,, (2022) TlL, ET/WIZ X D FEROBAKEZL FRIOHKIC, R T
WD THE LTz,

FAEMER OB X ZOHEAEIEIE, THREMREKA X —LOKRELEE TR A~DOEEIZONTO
WFFE33EIFREE . MIROCBAFE 23 SEIFR L, SBRHMAFSC32BIF2E CTh 5,
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B (2020) BN AT ER~ERLIZEDOLH 2V A7 IZHE LTV DD ~.
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Abstract:

Large uncertainties remain in climate projections by climate models. For example, the climate
sensitivity (the temperature response to a doubling of atmospheric carbon dioxide) in climate models ranges
from 1.8~5.6K. The most influential factor in the uncertainties is known to be the cloud/precipitation
processes in models. Here, we performed climate projection experiments using the Model for
Interdisciplinary Research on Climate (MIROC) and examined the relationship between the uncertainties and
cloud/precipitation processes. In MIROC, a more sophisticated treatment of cloud/precipitation processes
mitigated the underestimation of high-level clouds. As the climate warms, the height of high-level clouds
gets elevated. Because the greenhouse effect of clouds is more effective at higher altitudes, this results in an
acceleration of global warming (positive cloud feedback). In addition, we have obtained many interesting
results in our research on impact assessments of global warming. For example, we successfully constrained
the uncertainties in future precipitation changes.

Keywords:
climate model, climate prediction, climate sensitivity, cloud/precipitation processes
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HE

KEIGIE . Fric e FEma gl IR+ (Short-lived Climate Forcers: SLCFs) (21, PMas 72 E D
ki (=7 a ) O EFEAF X MREENTE Y, MERO BN - AKFERICEEE 5.2
TW5, A TIE SLCFs OHilik & & TR - BREEFCEFH A By & L TilEed T % BREEE BRI
Teke O HEtEE S20 Yu Yoy P EEBEL TS, AREEIT, KRAMEHER ST T /L MIROC-
SPRINTARS % H\\ T, CO, = EEHEINIE D N 2 SO HEH SO HIIZ %9 2 KU e 2 4 51l L 72
L2 A COHREMNFEN T BFEED SO HEH & COXKIR EABRKENW ERH LN E /o7,
ZHIUE, oK KT AR R EKRERR T 4 — RNy 7 OFBE@REIND, £io. fEIkE D fREE
23 a2 b—3 3 VA[REZR Diamond-NICAM Z /=, =7 1 V' Wg il g OBE 9 2 e o 45
HLZE2 13 @Yoy Ial—yarziEfl, 7 AEECET2aR2585 2 2B LT
ZOFER, BIEILE O T ERBETHLENRERDE VT, TORE T 2 —Z LERKIZE
DLHROEWNELD & =7 0 Y VRERIOGAICKEREIEEL 525 2 EBbhoT,

FoT— R
RRGHRYERETT v, EBEMKJEEREYE, 7 VvREl



Je T SAGHR A - DZEABIT R 5 &« HUIsEBR BT~ D SR Al

MR E4
HFEMREARGRE T DB O KME - HIRERE~ O EF
FEHEAFEFE

BN 2 FE~SFD 4 RS

PR - ENIEREEAF T R B AR eI RO
L[EMFFEE - ENZBREEATTEPT HIBR B AR tit K S - FTH i
TUMN RFFIS 1P GERT VAR E - 223 Rl
AT B RFR PR PR 2R S + Ha Thi Minh Phuc « A2 B 55U« I FRREKR -
Hossain Mohammed Syedul Hoque « H1JI# K « o] Zl& - £ 65 - SkHACSE - K%
t—HES
FORL R R KIFENIZERT  SARBERRR
][RI ZERE B ARFL ot R ER T - PR
HHFEFE BRI i ER R fg o X 7 A5tk v 2 —  BIRES
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1. WF3EE®

AFETIE, KET D PM2.5 72 Ok (=7 VL) obFEAFT A b Thirdy ok
I IR HERDFEETIN L « AKIGER I B A B2 . & D KRKIFM M EAVE O KEIGIE (R EFm R
i) 7718 (Short-lived Climate Forcers: SLCFs) D2 VTS K O ER 57 12 T3 2R D2
EREREWNET D, ZOTDIC, BRI A r— Vx5 b LT O $EE 7 V% VT SLCFs
DR &« Hililk & & OREZAZ EEALT 5, 15O AITAESIZHE L, SLCFs HEH &4 Mk
L7 FRIRGHCH T 2 Z L 2 HiEd, £70. REMZERT 272012, i I 21—y a3 T
5% MET /L (MIROC-SPRINTARS, MIROC-ESM., NICAM-Chem) Dfffgif072ek B « Mk H 4%
BLipHZ LD, BT NHREEAREOFHOALEMT 5,

F—T—
KRG EREET )V, BEMTEGEDE. 7 /VvEEl

2. A——a vV a— 2 H HEE

2.1 FEHFIARR (202144 H 1 H~202243 A 31 H)
CPU 5[ v_debug :400.76 [VE - hours]
v_normal :426,136.29 [VE - hours]
Ft :426,537.04 [VE - hours]

2.2 FIFABEE

KREUWETERS S £ /L MIROC & =7 & Y L5 /L SPRINTARS 23f5 4 L7~ MIROC-SPRINTARS
E£5 /L, MIROC & & L7z K&AbFE 7 /L CHASER (MIROC-ESM) D K& KIEERE T VB &
ORKIBLERE AR D 3 T RERBIUBER RV EREE T Vv, KOE A+ EESEKRKKHE +ET
JL NICAM & SPRINTARS * CHASER 23 &S L 72 KAVE R/ Elnkt 7 /L (NICAM-Chem) % H
W, ENFEIUCOW TSI E 21T - 72,
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3. HFERR

3.0 B

SLCFs |27 B L7 HiEkiRER (L IZ 39~ D8RR 2 Matd 2 72 121X, SLCFs OZIZHI3 2 &
IGEEELL AL D2 k#i%f%é ZD %m%rmﬁm%rwwz%&ﬁ@\ﬁﬁ%
F L% = SLCFs D284kl ﬁTéﬁ@%@ﬁﬁ%ﬁ5Z%ﬁ%é = ZCARFZE IR, KA,
fti &€ 7 /L MIROC-SPRINTARS % HV T, CO JFEEHIMRED A Z i SO, HEH EDOHIRIZ X35
R BEFTM LI 2 A, COIBENEW I BFED SO, Y &R TOKIR EANRRKENT
ERBHBMNE R oTe, THUE, FK KT IR R EKEQT 4 — Ry 7 OFENIREI D,
£/, PEBESMRREY 2 = L —3 3 U A[HEZR Diamond-NICAM % flW /-, =7 v Y LIEMIEE K
DREETABERBICERE L2 3BV Ial—2 a2 L., BEF ST 55 R%
BHZ EEHIE L, ZORE, WA O EE R TH 5 EARNBREXRDEWT, ZD# Z
A=A RERBKIZEDHIRDBE LY &, =7 0 VLRSS RICKE R EEELY 52 5 Z &R
oI,

HFREHD

RIR E5H-Z BAICHHIT 5720121, KEFMOEY SLCFs O T IED sl 1) 2~ e
(7T w7 — f/fﬂﬁiﬁf/ﬁd%ﬁ%i ERVETH Y | FEEEICH AL GRS N TE T,
&G%u%ﬁbﬁﬁﬁ%%@ﬁ?ét ZIX. SLCFs OZAbIzkT A5 EEZE L ifES 5 2 &
NEETHD, TDOD %m%f@ﬁﬁ%vwﬂxﬁkﬁw\ﬁﬁ%Tw%ﬁwtﬂﬁﬁ@ﬁm
*T B KB AT 5 BN H 5, & Z CTARME Tld, KEHFERS A€ 7 /L MIROC-SPRINTARS
ZHAWT, SLCFs DFDT T w7 1 —R v g7 a v (BiBEE X SO, DO kIZx 15
KEICEZF~NDZ L2 HIE Lz, AT LT, RHEFMENIEFICE V=T vy Uit g imieic B
THET VU TWRELTR D) ZE T, BT VEEICET 2MAESES 2 L A HIELE L, SLCFs Z#H
0 4% D $fiEE 7V NICAM O ks EbA B L L=,

3.3 HEFE
3.3.1 MIROC-SPRINTARS

AWFFETHW T KGR ST Vi, ST T /0 MIROC6 (Tatebeetal.,2019) THVY ., =7
oY VEFHET S Z LN TE S SPRINTARS EFANFEAS STV 5, SPRINTARS (I HHEk 7,
MR, AREFET oY L, BEARECT oYL, RBET T oYL, Lo iz FEAR T
7 a Lzl TEY, 20 ORFZEMSMACHN - ELEOMAEERALMK LT 2
VOVEGIEE T VT D (Takemura et al., 2000; 2002; 2005; 2009) . A2 = L—3 3 » TOKIESy
FRREIT 1.4 FE, $REL M40 B CHE L, RRMBEFER/RESET L E L TRHHL TS 72, KB
Iy 7L Tniy, =7 a Y VBRI REI X, 1 I a2 b—va VNTEEIND
TT Y VORMIZED 2 = NIR U THRRIEEZER L, 202 X\ —2DESEED D
LTCEHEIND, BRTETATAERES I 2L — v a v LN EA B S EES I 21—
3 v DT v Y VREERGT G 10 EIX, EhEROYIal—vary TR R YL
WERFRC R S D72 & U CHE SN D, RIS, S0 FEMOAE T v 7 O% o 100 4
Thd, NGERRT T 7 H—AR KO SO, DY &IX EDGAR-HTAP ZFIf L7-, ZDftho
R lb—va UREDFMCE LT, Takemura and Suzuki (2019) K% Of Takemura (2020) (Z 72k
LThob,

3.3.2 NICAM

REREMMGTE T /L NICAM (e.g., Satoh et al., 2014) EfEA L7z K&KIBRDELET L TH D
NKAMamnmmmmlmm)%%wf =7 a Y VREERE FroeT7 v Y LVERNEEEREH
éwﬂmmm)@rﬁ%ﬁéﬂuét . 2011 4 3 AR S — R ) AT UL O B
A 137 (Cs-137) & HHIIC %Wm REEY X = L— =3 A[HEZR Diamond-NICAM
ammMmhmn)?mﬁﬂﬁﬁwmkﬁEL\ﬁaﬁfmmlm:7m/w/\;v—ya
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> %3 L7- (Goto and Uchida, 2022) , Diamond-NICAM |2, fhd =7 1 v/ )LigkE 5 L CHI A
ENTWVDHENREAFT—LZEAT D LT, =7 v Y MBS IR B 53 2 ERA R
ROEMPD LRI T 2@ O AT — 2% VT, 2130 OFE T, Cs-137 Ok {-EREIZB
THVIalb—vartTOMAEREEZ I LT, Cs-137 =7 vy ud, RO H 587
vV ERGE L, BT T v Y L OBREEBERIZHE S & L7z (Nakajima et al., 2017)

FE L2133 32— arDHr50D9 I 2b— g Tl 4 008D ENEG A —
2 (D) GCM-Type : Hifili7e T = —= VEREEH TR E L 2HKKFEETT AL THO LD A F— A
(Takemura et al., 2000) . (2) CRM-Type : (D L [F U728, BE/K DT BAL-LBLEN) 70 $n E g s
*EE LT BT T M CEEL L7z A% — 24 (Goto etal., 2019) . (3)CONV-Type : HiF gk
7T w7 A% AT IR ORE THREL L 7oAkt 72 A % — A (Terada and Chino, 2005) . (4)
CTM-Type : &7 7 A AbFHEE T /L CMAQ (Byun and Schere, 2006) CTHWHALTEHY | 2 -
K7 T 7 ARMMAL S NI T A—Z g7 Ve —F 2 HWeAx—L4) & ZNEND A
X — ATHWONATF 2 —= I EREHZ— -,

EHT, E - WHICERT28RICERT L7201, EERETHD 1T— A0 FOEMBYET
¥ 2 —/b (Tomita, 2008) %, @EEALINT- 2 E— A 2 FOEMMEEE P = — /L (Seiki and Nakajima,
2014) IZEEHAZ 1o, FTo. BRI OWRASOEHZNRDO A F— 5L LT, CCN DEIPLED 1 35
\ZHKTE T 5 Berry (1968) MWMEAERRE E L CHIA SN D23, CCN OFRED 1.79 FITIKGFT D
Khairoutdinov and Kogan (2000) Z#FJH L7z, 728, TNHDE - NEY 2 — /VIZEFHTH I 2 b
—3 3 X, CRM-Type & CTM-Type DAIZH#EH L, 4 = b — a3 »&iBILT,

3.4 fER
3.4.1 MIROC-SPRINTARS

ZIETOMFSE (Takemura and Suzuki, 2019; Takemura, 2020) 28\ T, KKEERSTET VL&
L T® MIROC-SPRINTARS % F\ T, SLCFs T W KRRIGRWE TH LT a Y IVl DT T v
=R R T e VZER L, ENENORIBRYEEHEEZZL I 2 Lz kbl
SFEEEE ) R O ERIEOE L EZR R CE (K1) . 77 v 7 H—RAIKE W T 5 Z & o
SIEDQE®REI N2 b B, 77 v 7 h—R BN T 5 2 & TRE T O R 5RE] S O IEE
AT 5 2 ERRIAEIL, EEICK 1(@DOFHETH TREEY ORI GO, —F., Mgk
7 a Y KA R TICHELT 2 0ATH D Z Lnh . KA L CTORADRKERE D% b
B, WMEBETT a Y VORI E TH D SO, DHEHEN D5 2 & THSTER] ) O AE S D
THZENIAEN, EBEIZK 1@OFMTH THEBEY OFRENGELNT, ZHE TIIRA L
TORG RIS & ESIRITRIEER H D & FHRIN TV, AR TR LN /BR T, FF
7T v 7 =R AT LTI ZOBBRENRE L 2N ERH LN E o7z, T7b b | X 1(b)
TRt X2, MBETT o Y AR EDT 5 2 & TRE LR TR RE ) O /fEAED L, #
FRIRS EA LT, 77 v 7 D—RoBdb3 2 & KK 5T O RS 5EE] 71 0 AR D3
LEBICHEPDbLT, I ERENHF VAL W oTe, ZHIX. 7T v =R DfF
ERIZH L TRATEOREE Y BEENEL L, fEOR 0T S KOEAREENE LT &
T, 77 v h—RUHBIC L DRI TR M S22 Th Db, S5, 20k H7E
PR, COBENHE X LA ED LR DD ERIZEZ A, K 1(eNIRLTZX DI, fiit
Feti— 7 v Y UHEINC &> TR EF 13N D 7223, Takemura (2020) OFEE/RFER L LT,
COx BENEWITNFEED SO, JEHERD TR LN RKEVWZ ERHL N oz, ZDER
FRZRETT 272012, K2 DX 57 COREDIEWVIC L DKUIRZL ORI A g L, f&
FEITx U CRE & T H M BSUR - i EACHINCGE - IRV R L7z, ZORER. H EKURO
ZEALNE UWRFTIIRIR Ch 0 . Tk - WK T AR R EKER T 41— Ry 7 DEETHL L
PRI X Tz,
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(@) T7aV L _ (c) BELEbA DI
wistama wmy  © R ESEOELE () ot SEBOEE (°C)

v

F
:
E g
g ] '['4 ] ) ' | oz f{ 1 ‘:t | 1
i I~ s ' f" 4.} : ~.__H + - I ] S COu= 735 ppr!'l
oo - - l'“'_\:" ] 1 ]. MT‘ —% ¥ "‘--.___\l‘ 1 I : s - } .: e
i e g

l 3 ozt =359ppm H
. '
01 [4"% + 0z | | \\w
1 ik, ..L £4 i |
azl * 50y D3 & 50, i T ® 50, - sublate i
* BC f ik . Ao ® 501 = sultate (G0x2)
i i . s ki i i "
on [T 1.0 15 20 oo 05 1o 15 20 00 T 10 15 20
Scabng Facior of Rl emession relatve 10 starcan Scaling factor of fusl emission refative to standand Emission scaling tacior nelative 0 standard

X 1. KKIBEMAET /L MIROC-SPRINTARS (2 X% ABEIRD SLCFs (BC: 7T v 7 H—KRv &
SO:: HifgtE— 7 v Y LV ORIBERHE) eHEZE X TV I 2 b—Y a3 L) T v Y VK
SR, (b) # EXKIBDOEL., (c) BE/LKE (COBE % 369 ppm & 738 ppm IZ L7ZHRE) b
ﬁ‘&ﬁ:ﬂﬁiﬁﬁ@fz{{b I N B EFEEHEDO Ay — 1 U VR C, B I 2L —va Uk
1 EL7GAIT, BEYI2L—3 3 Tq fELU)FHji@*axT%%%# EJN (a)ck(b)'C
TRBRIN T Z /777 R BBEZTAERT, TN SO, ZEZTERTHY | ()IFET SO, 24
TRERTH D, COREE 369 ppm &% E LIS RIZHMRTH Y, COIRES 738 ppm & X E
LR RITR TR L TH D, (a)&(b)ix Takemura and Suzuki (2019)2°5 D5 HTH Y . (o)
Takemura (2020)2>5 D5 HTH 5,

(a) B LEFE I (b) #6.E ﬁ-Ell‘;

{CCz = 738 ppm)

(c) b LSBT i.’gdo} HhRE AR L o (e) ML

9ONT N St N
L L .- L
60°N|- 60°N|- 60°N|-
L L | L
L 1
30N aonk II 30N
3 R — 3
20 20 _- 3
8 5+t = 8
30° ao'sh -I ao'sh
L [ [ | C
60°S- 60°S|- F 60°S -
C [ I C
| | . .
0.2 04 (117 0.5 1] 0.5 0.5 1] [ B
&&dﬂuwm ﬂmm;ﬂmhﬂm{lﬁlm] .ﬂ.hbmthbd!‘hmtwm"'}

2. REIFHERE AT T /V MIROC-SPRINTARS % FWT, ABEIRD SO, (FifgE =7 v Y /L ORIER
4K PEHEZ OICHEE L& & D (a) #HI ERBEOEAL, (b) BE/LEF (CO#BE 738 ppm) T
@i&tﬁi&@’%q‘ t. (o EKIBZELICBEI L <, BB L BERE (COBE 369ppm) D 2 D
DYIalb—varDE, 2F0, b)-@ZHFHREHILTRLELD, d) (o) &R UEHHKRR
BN EZEAE, (o) (¢) & B U L, 4T DK% Takemura (2020)7> 5 DF|HTH 5,
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3.4.2 NICAM

TEHI A RRES R 2 L—3 3 U ATBEZR Diamond-NICAM (L5 =7 YL (Cs-137) ¥ I =2 L
—va rOfERE ., BIHFER (Ouraetal,2015) &S 25 L. £30%D /N1 7 A 0.6-0.9 DFHEY
2%, 67-112 Bq m> OARFEIENME (RMSE) | <40%DFEE (1/10 725 10 fFOHIFRICIN E 2 EOH
B) Lol (MITENK) . 201 ThH, CRM-Type [T 25 BAE LN, ZOREEZES
7O T 2—= TERO FIREZ WD LB R H -7, GCM-Type & CONV-Type TlisEbl7s
Fa—= U PEREFRET L, BAERAT—LATHDLZ bbb o=, CTM-Type TIEHH
AR < RHEEMENNE D o208, RERADNRA T ANFLE L2, CTM-Type DFEENE .
NICAM T Lﬂ\é%*ﬁ#Eﬂﬁ*ﬁmmﬁﬁ&?ﬁ%ﬁbﬁ‘ﬁkiﬂﬂﬁf%é E LR ENT,

T, E - NICEGRT EERICER L, NICAM [ZH# S - Eim it /;qu%ﬁ?ﬂﬁ‘ﬁ ?ﬁ&
ez J:T Cs-137 DWEFEEENR ED L 5 B D200 %<7, 3 H 13 BOEEEIC
BHEMERE Cs-137 7V 22— LT, 213 v Ialb—yar EBHRERARRLZLE Z %\ l
3OXHIFEMENELNT-, £7-. FIHAREZR 2BV A4 MZEB W T, Rainout MiEL Y, Rainout
@Eﬁf‘ﬁﬁb\%hf:/\"?‘%—? DIEFE, &zﬁ%ﬁf“ﬁmﬁfﬁﬁ:@%?:—/W)iﬁw:iﬁ“é Cs-137 J2

BOEN T, BT — 2 EHWEHEHBE L IZEHMI L7 (K4) . 2o DOfERNG, EfEE
BfRDEY 2 — /L DEWIT H =T 1 /JV/;;%T“ODW%brPBa WL HEEE A/ & <. Rainout DIEWNK
Rainout D/XT A —F F o —=V ZIZXHE OO N, =7 0 Y )VREOEHEIIRE o7,
EWPRRRDTE Y 2 — L OE NI T AT 1V LEEDEEIME N/ NS o T- DL, ARk
EL7ZRFZEMN 3 HORAARTH 5720, BAKRENSSYEEE LV & HFRRIC L > TR X
RSN TWDEMND EHEER SIS, $EDDE, ZT7 Ay Ialb—rar Z8ETHITIEEN
Ve O EX L E RGO R BRI B> TREBILT A2 Z EREETH L LR bhoT-, Bl ED
#EHLIE. Goto and Uchida (2022) IZTAF LT 5,

HE#mE IB15B0ERESA A+

i (s @AM
—_— G

1UU - e Fele T x]
o S—— — RN

—CRM 1D

CRM1K
CRM2

—— CONV1

CONV2

—_— O3
—CTM
== CTNMD
-CTMK

1000

10 4

#h#DCs-137RE [Bq m-3]

4 2 o0 2 4 6
BREA <2 RBAREOL L1z & & DRI hour

3.2011 4£ 3 A 15 RICBBI S NI BREHE TO Cs-137 OBBEEEFIZE LT, NICAM @ 13 f#

DYV Ialb—varTHEINE Cs-137 BEDORRIIE N, BMOIBLIAERZ R L, oty
2o b=y UEER AR T, “GCM” X GCM-Type @ Rainout C, 1-3 [Z8/2 5 F = —=2 7 {7k %
X L7Z, “CRM”IZ CRM-Type @ Rainout T, 1 & 2 (ZB/p2F 2 —=U FHREEHE L, “D”IX
A S 2 L—3a v LR DERWIEE Y 2 —/L NDW6 A H ], ‘KIS I 21— g
v TR e B ERAEHNFE O (Khairoutdinov and Kogan, 2000) % FH L7z, “CONV”/Z CONV-
Type @ Rainout T, 1-3 (38R DT = — =0 V{RE &R IE u‘_o “CTM”IX CTM-Type @ Rainout T,
1 23R T a—= 0 TRBEBREL, DITERES I 2 L—ra v TR DEMYET Y
= —/LNDW6 ZFI ., “KPIIEAES I 2 L—3 g v TR 2 ERLH2R DA (Khairoutdinov
and Kogan, 2000) #7#JH L7z, Z ®XI% Goto and Uchida (2022) 551 H L= D& HAGEIC L
T3,
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) a (b) BT/ 3 7 X (c) #EBA1R (d) ML TG54 7 R
B [Bqm?] [unitiess] | , [unitiess] . [%]
B :;-9:-1 e St 0.3 G-
. |77 7 |0
. 341 0.42 — 212
1BEL BN EEL
E _31' I_I
i uu-l 20
0.24 0.03 301
G —_— 04 = i 4 i
(@ RwSE OOS-ZEADRE (@01~ T0EUROEE
- [Bq me] - Fas~] f.a’-'lr‘b'.-'ﬂ"_l:l[%] B A &Tr f}ku}!!'ﬁ‘[%]
I v7a Rainout® £ — Loag
e S A4 vk az
: -1 A
Hainout % & — i i.‘"l.ﬂi'
% [] bhTwsses2—
AmMBINC FELRE
104 803 5, 10 %
A mm EEHEBEES -0
@ |ﬂ59 % 0.59 L% (Vb Yo F
0 4 o —

4.2011 4E 3 A DA A Z BRI NICAM THE L7z Cs-137 LR & OFEFAFEEICEE$ 5 A%
P, BERMAUFEER I, (a) FIME [Bqm?®], (b) 1554 7 2 (c) FHEIRE. (d) Bits(bF)
SA T A[%]. (e) RMSE [Bqm?], (f) 0.5 7225 2 fFLANDEIZ AL Y 7 [%]. (2) 0.1 75
10 fFEUNDZEICA DY T %] TH D, AHERMEI DT T =20 Sz P TORIRD
X OETRELTEY, 7Y —ZIEATORIE NN DL L, B, ZOMIX
Goto and Uchida (2022) @ 11 #5|H LT3,
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Abstract:

Atmospheric pollutants, especially short-lived climate forcers or SLCFs, include tiny particles (aerosols)
like PM3 5 and oxidants, affect radiative fluxes and the water cycle on the earth, and have relatively short
lifetimes in the atmosphere. The objective of this project is to evaluate the impacts of the change in SLCFs
on the change in the climate and regional environment by linking it with the S-20 project of the Ministry of
the Environment, Japan. This year, we performed simulations using an atmosphere-ocean coupling global
model, MIROC-SPRINTARS, with reduced anthropogenic SO, emission fluxes under high CO> levels. The
results showed that by reducing anthropogenic SO, emissions, the increase in the global surface temperature
under a high CO; level was larger than that under the present CO; level. This is probably caused by a change
in the snow-ice and sea-ice albedo and feedback of water vapor. In parallel, to gain knowledge about model
development, we performed 13 sensitivity simulations of aerosols for different wet deposition schemes and
relevant parameters and processes using a limited-area model, Diamond-NICAM. The results showed that
the impacts of the difference in the rainout process of the wet deposition on the spatial and temporal
distribution of aerosols were larger than those of the differences in the relevant parameters and different
cloud-precipitation schemes.

Keywords:
atmospheric pollution transport model, short-lived climate forcers (SLCFs), model development
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DOFBEL LT, COyEEZ TRALANTH AT 4 EHIN S35 (4xC0o, EBRY) (2 X 2 HiERK
B, FY B TELURIOMEICETE LT e, Y AL E 7 VIR A
T COy HMDEENT Y L BICKMENDET /L E DT 20% BRERRD ZENRENT-
(Nowack etal.,2015Y) . {REE(LTHIE T /A LFREREZ B ANTZET ABRAIHEZDOH 5
i, — 5T, ZHE EFERICEX ZEWVWTE 24 Y VB ORSE TN bh 5T T
L, RfEE O BEERZ AT 272 OWEEREA LIZET AR RL IS Z TE WD, [EER
BEMFERT ClX, 24U E T CCSRINIES KK KFEERE 7 /LX° MIROC £ 7 /LIC K L FmFR A8 A L
TILFREET VAR L, 4V Y EOFER T Z4TV UNEP/WMO 4 > 72 A A LR —
FEPE 7' m ¥ = 7 b Chemistry Climate Model Validation (CCMVal) 35 XUV D%k Chemistry
Climate Model Initiative (CCMI) IZEHAL CTx 7z, D000 =721 =& O EBAFZEIEEN
O EBRIF O FRET T VITEE LG S TR oo, A%k, KELEhE2EEICA
niezvy - a UHRICET D2 RIS, BFORBELTRE T VICHEFELZ S ST
TREAEFBREZEA L, HEKIERB LA E T TOF Y U EEE & T ORGE~DEE, F 8
KL 5L OMBEER ZMAT 2 0B’ H D, [FRFIZ, WEEZEE LRV ET VLSV I 2
L—ya e DHIRIZ Lo T, REIRER D ZA KM G e 2/ L CRE~ 2L KX
TAD=XLEHLNITT 5,

33 HEFHE
331 ¥BHEAT7 74 UMIROC32{LESRBEET NV EAWVWTAY Vg L REDO R TR ER
(CCMI2022#32 28k, EBR4 REF-D2)
8 OAF R TR FEER & AT o T E BRI O T /VIIMIROC3.2{L F 5= E 7 /L ¢, CCSRNIES-
MIROC32 &\ 9 A4 FR CCCMIZ BRI N TV 5,
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PR TRIERZITOT2ODANT)T—4% & LT, ODSIEE ., GHGIEE ., JRif ik E I o 56 ElaH
(QBO) . KMBIVEAMT —% . g7 a7 —%  WREIEE - KB EEDT —
YBRHB SN, LT, 2NV THAT 5,

(M

2)

)

“)

)

ODSi& i

WMO2018DRER X OB IR E T — # 2T 5, WMO2018D 7 — & 111955421004 D
WM CH D0, EITH - TI19494E, RKIIER L CI014EFE CTHME L 727 — X CCMI L Y
BoAf &7z, MIROC3.2/b 5% fEE 7 /L Clk, CCls, CFC11, CFC12, CFC113, HCFC22,
CH;CCls, CH3Cl, CH;3Br. Halonl211, Halonl301DF —# %15, £7=. Bl & DX
5. BB COBrylRE %6 ppmviE EFHEIN S W 5728, CHBrs & ChoBryD B HIEE 2 Z 2
A2pptvICRE LTz, ZNHIERFIAIEOT —% (MEZLDOT—H) THDHR, ETLD
REE o MEREIZ IS U CIRERIICEE L CREIENTSR & 5,

GHGEJE

CO,, CHy4, NoODRERFEIREEIZCMIP6 TEDOIL TS > U A% 5, 20144F F TIXCMIP6
historical database'® %, ZFULLF20154F—21004F £ TILSSP2-4.53F U AW%E{# 5, CONEIEH
FEIZ I W TR & R UAEICER ET D, CHa E NLOVITHER R & L ThH 2 5, ODS & [RlEk,
INHITIVET L OF =X ThDHN, BT /LD MHAEI S U CRREICE L TRIERIE S
%, GHGIEEIZRHT 2 LR & LT, 2015F-21004F D[] 2 SSP1-2.6 > 7 U Ao 2 725
B3 L OSSP3-7.00F VU AR 2 - EBRr A 15T o179,

JRIE R O HPE JEGE  (QBO)

CCMI & W A STk b a ENT-QBOT — X IZLL FO X 512 L TER STV 5,
201942 A £ CII3M S COEM T — & &2 el Efk & vz A SE¥ o5 — %12 ¢ Canton Island
(2.46°S, 171.43°W ; 19534£1 H—196748 ) . Gan/Maledives (0.41°S, 73.09°E ; 19674£9 H—1975
#12H) . Singapore (1.22°N,103 55°E ; 197641 H-20194-2H) , 201943 H LAKEIE, 19784F—
011EDT — X 2D FFEH - THIZE L TC053FEYIETHORE, TDOH I HIT19634F—
201007 — Xk E e L CI00EE TOT — X DMER S L7z, fkEH & 722520194 £2053
HECIRJRGE D IRF ] — = BE Wi 23 g D I EE D > TV D,

INCYIE

20194F % TIZSOLARIS-HEPPA 7'12 ¥ = 7 MZ X A CMIP6 H OB HE- < KB R
JE (irradiance) DALY FLTF—H  ZDH%21004E F TIXCMIP6 FH O3k H K IR E A~
r VT — %13 (version3.2) & A5, 18504--22994F DHARIC 6 L CZ D XL HI2E Rk L THER
SN7=CMIP6 D7 — % % . REF-D2#tH HIC L E e #1# (19504--21004F) (2% L T,
CCSRNIES-MIROC32 CCMD it A ¥ — LD AL " LAyE] BE DU A7 ML) 124
OE TN L, BRI fEEEL H OCCMA T — & 2Bk L 7=,

% B e — 7 v L
BB T 0 Y VT — 221, BT VO MEEHREICEGT D BT — 2 L. R
LFEROSICBR T 2 £ ST — 2 LR d D,

(5-1) Gt Rt T — %

ils—7 1 V}I/@{%’%{%ﬁﬁiﬁ (extinction Cross section) N i—jﬁ&ﬁ.“?ﬂ/ E— K (single scattering
albedo) . FEXIFRMIN - (asymmetric factor) 0 H -3 « fRFESEY 7 — & (f/£87.5°S-87.5°N,
FEEESTFREE 5° 5 S km—39.5 km, =3 fi#RE 500 m) %, CCSRNIES-MIROC32 CCM®
32 AT MAEICEDE TR L2 b D2 CCMIN LISz, TN ECCMD & E -
FEZ Y > RIZNHE LT,
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(5-2) KT —#
A« RS T — 2 (#EEERT.5°S-87.5°N. FHEE/FREE 5° ; WESkm-39.5km, mE5y
fiRBE 500 m) NEftEI7-, TNEZCCMDOFRE « fE 7 U v RICHNE LT-,

N7 =%, WMEFBRER (REF-D1) Ho, BHNCESWT =¥ Th b, M
F—H %, CCMID S DIERIZHE S TLLF D L 5 ITERR LT,
+ 20144E12 7 £ CIIREE-DIHOT —% LA U,
« 20254F LRI, 18504F20144F- D4 A O H S A M 0 K3 K 9127 — Z {ERK,
« 20154E1 H—20244E12 ] £ TOMIRIE, 201450 H SEHE & 202540 H SEHEOM T,
IR U CTRIZARI Laiite O I 2 ¥ D IR <,

(6) VERIEIRE - WoKBERE
MIROC6 KK ERE AT T WVIC L HDCMIP6ERBR DT 7 v~ b —X % W5, SSP1-2.6.
SSP2-4.5, SSP3-7.0>F VAT KB EBROTING, 1T oo TN A NRNR—DF —H 2L
77,

REF-D2GH5 TIX19508--21004E D15 15-F8 70 1T o 720 IHIDO10FEBITI A B T~ W & L TE
PRI W22, IRHTICIZ 19604 LLE D 7 — 2 2 LT=,

3.3.2 MIROC3.2 fLZ&REET /LB L O MIROCS LR BEET V& V- ODS « GHG BE &

AV vERE, KB, BRY =y NOBLOROBERORENT (500 72 42 7 /L EER)

—WEEE L, BRI O A 2R OO0DSIEE R X O'GHGIR AR FEE . 5007 > 7L R
VNI A B DDTRNS0T T A N A A BEDZNS0T T
VA NI D3O 7 NV — TR UINT Lo, 2, AL ol LWV & Z8 o R ClE
ODSIE FE R AEMCGHGIE FEAEM N R AT WZ L2 ZBE L., Y v 2'EDDRVE (T3
TR =) ATAIR A L E L TN D, BLO, AV U EBEDZVE (T Uo7 R
N=) JFALIRN AR LZETH D, LW REILE SV TH T, SFEET. ZnbDsy
HORPL L 725 4 2R Ll Tk B KR, Y = v FIRE & OBMRC, M T ke
BRI & iR Y = v NIREEDODSHRE 1 L O\GHGHR FEK M 2 5~ 7=,

34 R
3.4.1 LT 74 2~ MIROC32 {LERIEET VE WA Y VB L [IED TR

¥ 112, REF-D2 ZEBRIZ X % 45°S-90°S OfEik, 9 H-11 HOWIRIZI 1T 54 v 2EikKED
1960 75 2100 FOHIMICE T 2RFELEZTRT, ZOMENG, FERICAT T Y v 2EIT
BN D & NDD, R TIX SSP2-4.5 > U 4 (R) TixA Y 2B 1980 4
LoYUZE TRIET 5 DX 2060 F2 B X7-EH TH 525, 1960 4 LU i35 A RIZZR > ThH
ELRWZ ERnbod, BENRET AOKI D72y SSP1-2.6 > U A LB CIXEHEIL X 5128
<720 —J7, IBEBEHN ADORH AL\ SSP3-7.0 ) U A EBR TIXRIEN L 225, dL¥ERT
L FEEERDPIEONOTINL Y bEIENREE L ZERTHEIND,

CCMI TIT O 7= AW ZeEBI D5 RS FL %, 2 [E D Centre for Environmental Data Analysis (CEDA)
IZRIFS TR Y (https://blogs.reading.ac.uk/ccmi/ccmi-2022 archive/) | &k & 1T 2 I3FHT 5 =
LINTE S,
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X 1. CCMI2022 #32DIFRTH|EB REF-D2 1 L N Z DK FEERIZ L % 45-90°S DFEEKTI A
-11 A DAY v EBREMEORELE L, HI4 Y VERTHEMII R T Y vrazy
b, BEhXEELRT, (F) REF-D2 EBR, GHG > 7V 2% SSP2-4.5, (#) REF-D2 M
REFEBR, GHG 7 VU A% SSP1-2.6, (%£) REF-D2 DJREEBR, GHG 27V ik SSP3-
7.0, ODS ¥ VU AT _T WMO-2018 = L T3,

3.4.2 MIROC3.2 LR EET IV E L O MIROCS {LERBEET V& V- ODS « GHG JEEE &
FVreE, KR, BRY =y FOBLOROBROMYT (500 722 7V 3EER)

—WEEE OREEDT, MEHEAY L 2EODOODS - GHGIEE AR LTz, Fhic ki,
ARt R (45-90°N) Tld, AV U BREDOZ NS0T v TR U R—TIIZFDF Y 2R O0DS
BEEERENEIT NS WS, A ROV IRNS0T W T A R —TIIARE A D R T & 1=,
HAHIZ, AV BBEODIRNT YT A = TlE, MRIEEE < KIRMEWV O T, ODSHEEEN K &
WIE PRACEREIZE (PSC) 2 LAY UiEENE e Z LIk 0, AR A VEDORD N AE T EE
ZHi5,

LARER L, RIRSOME & ORREZ A LN T 5720, 2D EDODSHEE - GHGIE EE (K AFM: D
RN 2 AT > 72D TEOFER A2/ T, K212, 3H ORI k)= & &R (63-90°N, 50 hPa) 35 K
UMK ¥ = M8 (60-70°N, 50 hPa) DODSHRE - GHGIR KA EZ R~ T, 4 2 EOODSHE
JERAEME L [FRRIC, Y B EDDIRNS0T Y T A LR —DODSHE R AFIE S M ICE N
TWb, T7bb, fFRIZANT TODSIRENEDT 5 L (KTAKM) | K EH LTk >
= v MIFH< 725, GHGRENHEMT S L (KTEhm) | K=y "BHER5, ZH0
FFBUEIMIROC3 2L F 55T 7 /L & MIROCS L P REE T /VICILEIC A b D, 72, GHGIRED
HEIMZ X > T, MIROCSLFAEE T /L CIEAIRD EF-N R 5528, MIROC3 2{LF5EET v
TIHZORBIIIZAODT LA SR,
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MIROC3.2 (50hPa, March)
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PLETIE, HEEEO FHREE T 2 R TE 20T, WICFA-if 2K ¢ 8 JEE /> /i O ODS
TR L OGHGIEERFMEZ R5, 72770, 297 —ADT X TOERIZOWVWTHEEL —EL LT
IRTZEFHE LW T, —fl & LT, ODSIEEN19954E L~ (1RIF K, BJE B Tlx19954-2000
FEHD LUL) | GHGHRE 320004 L ~UIZERE LT 6 O R PEEUE A7 72 & . ODSHREE 731960
L ~ULIZEA . GHGIRFE 20958 L~ )UIZHEIN L7258 L 0FEEZ/RT Z 21T 5, X3i1E, 34
DF U BBDDIRNS0T TV A NSO R EGE & F O b A RS, ALk A (3R
) RS EIBEAOKEIY BRI SNH0DSEE ORI LY ARG oMK Y =
v NGB Enbnd, £, 2BEEOK LY | FERMMSF SN DGHGEE Mz LY, 1k
PEREHEE O Y = NIV L b — 07, i U= v MIBRILENTWD Z ERbn5D,
3EFH DX LY, ODSIEENED L. GHGIEENEIM L72GE61E. EO2 200 EREDbE 124
fb&7poTWnD, K2 TR S 72 3G JEGE D 60-70°N, 50 hPadd ZE{k i [X3 M ik 8 P 4 A T D 281k,
EEELETH D,

PLEOFERNS . AR EHRED L Y 2ROV RNS0T Y TV R U R—=T, A
2 EODOODSIEERFMENHMIZ A O, 2> T, Y U REICR b ELY RITT M E
FE D SRR S = >~ M EREEIZ & ODSTR AR FIEDR BRI L AL D Z &b Tz,

(ODS1960, GHG2000) .
—(0D51995, GHG2000)

(0DS1995, GHG2095)  »
- (0DS1995, GHG2000) o

{1s]
1 0N
200

{(DDS1960, GHG2095)
- (0DS51995, GHG2000)

X 3. MIROC3.2 {LZE&EfEET /v (£) MIROC5 {LZEREET NV (F) 2L 5, Fk#iFE S5 ODS
BEB IO GHG BEOENIZHED 3 ADKRBEREDOEILOTFFEHMm (Y v 2ERIKE
DIENS50 7o TN A N=EH) , —BtH : ODS BEDX 1995 L~ (1ZIEHKRK) »
5 1960 5 L~V L7z B0 & b, B H : GHG EEE2S 2000 £ 1L )25 RCP6.0 )
U F D 2095 £E LU L 72 B D2 b, =B¥H : ODS BEEEAS 1995 £4E L~ L—1960 £4E L
VD GHG EEEDS 2000 4E L~L—2095 £ L~ L LTz & & OZfb, A7 EREE
CERINE) | REsmEEMmE CGERBE) 2£7 . FERIT ODS BE% 1995 F£ 1L~
GHG BE % 2000 £ L ~YVIZERE L 7= EBRO I 16 BEH A 2 27,

_08 -



CGER-1161-2022, CGER/NIES

BE W

1) Son, S.-W., L. M. Polvani, D. W. Waugh, H. Akiyoshi, R. Garcia, D. Kinnison, S. Pawson, E. Rozanov, T.
G. Shepherd, and K. Shibata (2008), The impact of stratospheric ozone recovery on the southern
hemisphere westerly jet. Science, 320 (5882), 1486-1489. https://doi.org/10.1126/science.1155939

2) Son, S.-W. et al. (2010), Impact of stratospheric ozone on Southern Hemisphere circulation change: A
multimodel assessment. J. Geophys. Res., 115, DOOMO7. https://doi.org/10.1029/2010JD014271

3) Thompson, D. W. J. and S. Solomon (2002), Interpretation of recent Southern Hemisphere climate change.
Science, 296, 895-899. https://doi.org/10.1126/science.1069270

4) Nowack, P. J. et al. (2015), A large ozone-circulation feedback and its implications for global warming
assessments. Nature Climate Change, 5, 41-45. https://doi.org/10.1038/NCLIMATE2451

5)  WMO (2007), Scientific Assessment of Ozone Depletion: 2006, Global Ozone Research and Monitoring
Project—Report No. 50, 572pp., Geneva, Switzerland.

6) WMO (2011), Scientific Assessment of Ozone Depletion: 2010, Global Ozone Research and Monitoring
ProjectReport No. 52, 516 pp., Geneva, Switzerland.

7)  WMO (2014), Scientific Assessment of Ozone Depletion: 2014, Global Ozone Research and Monitoring
Project—Report No. 55, 416 pp., Geneva, Switzerland.

8) WMO (2018), Scientific Assessment of Ozone Depletion: 2018, Global Ozone Research and Monitoring
Project—Report No. 58, 588 pp., Geneva, Switzerland.

9) SPARC CCMVal (2010), SPARC Report on the Evaluation of Chemistry-Climate Models. V. Eyring, T. G.
Shepherd, D. W. Waugh (Eds.), SPARC Report No.5, WCRP-132, WMO/TD-No.1526.

10) Meinshausen et al. (2017), Historical greenhouse gas concentrations for climate modelling (CMIP6). Geosci.
Model Dev., 10,2057-2116. https://doi.org/10.5194/gmd-10-2057-2017

11) Meinshausen et al. (2020), The shared socio-economic pathway (SSP) greenhouse gas concentrations and
their extensions to 2500. Geosci. Model Dev., 13,3571-3605. https://doi.org/10.5194/gmd-13-3571-2020

12) Naujokat, B. (1986), An update of the observed quasi-biennial oscillation of the stratospheric winds over the
tropics. J. Atmos. Sci., 43, 1873-1877.
https://doi.org/10.1175/1520-0469(1986)043<1873:AUOTOQ>2.0.CO;2

13) Matthes, K. et al. (2017), Solar forcing for CMIP6 (v3.2). Geosci. Model Dev., 10, 2247-2302.
https://doi.org/10.5194/gmd-10-2247-2017

14) NIES Supercomputer Annual Report 2019 (2020), CGER-REPORT, ISSN 1341-4356, CGER-1151-2020.
https://www.cger.nies.go.jp/publications/report/il51/

4. L0

WEEA T T A D MIROC32 VAT TV %> C. COMI HEROD T HIFER A1 T~ 720 AFIT—
# L LC, ODSEEE, GHG R, JRERJEEOREEIE (QBO) . AW 11 AFEHT —4 | sz~
TR VT RIS PRI DT — 2 Z R L 1950 472100 4R 151 FFRIDFHR ZAT o 72,
T L7ARZNR AT ADFEARS T U A1 CMIP6 & [RL T, SSP1-2.6, SSP2-4.5, SSP3-7.0 D 3 O TH D,
BRI DA AR AFI T, 2000 FFEDEARMED S FRIZIAT THIM L, GHG IREDE N
FUHFEERERO A 2RI R < 72 508, 21 HEREHIT 1960 4F LTS 5 2 S 1d7eino Tz,
TE, BRI CAY AR — VSRS B BRI 1980 4 L~ E THIET % D13 2060 2B E 7 Th -
7

YEEA 7 T A D MIROC3 2 L& T TV & MIROCS /LFET TV % FV - ODS JEFE L GHG 2
BEAARIE LTZ 500 72 U TV A LN ROMTEAT S Te,. —HEEITAT S TR D | Bk e
DAY L RRDDIRN 50 T UYL TIVALS=TIE, AV 4RO ODS RN I H bz
M, SAEFEOIRITIZ LY . FOT oW TN A _—Tlh, 4 VAR TE S A KT Tk EE o
SRS Y = MREEIC S ODS IREEERAAMEDSIIREC R 50 2 L s oTe, Ha ZZBOB LU i
BT, SAEORELLEZDEERTND & RKDFELLENC LD A 8D ODS EERFEN R 2
TV, Y BBV IRVEEDT LY TN A = 1D b Tk & RSB A AR
ODS JEFERAFHEN L2 . D ORIR SR Y = v MEEFMEARX 5, DF 0 ALk ¢4 w27
L MRS ZEL GRS) | RURAMES . ODS IREENEZ 5 LAY VAR LTV ZERSh
Tz HERTEBOW LNEKERD A AT &5 Th ODS %544 bt TV WER S D,
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Abstract:

Previous research found that westerly winds in the Arctic spring stratosphere are strengthened by an
ozone hole and the influence extends 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 chlorofluorocarbons (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, this
year, we performed numerical projections of the ozone layer and climate for the future proposed by the
Chemistry Climate Model Initiative (CCMI), using ocean off-line chemistry-climate models (CCMs)
constructed based on the MIROC3.2 general circulation model. We also advanced the analysis of 500-
ensemble-member simulations with the ODS and GHG concentrations fixed to the values expected in the
future.

To perform numerical projections of the ozone layer and climate for the future, we prepared the input
data: ODS and GHG concentrations at the surface, stratospheric zonal wind over the equator, solar spectrum,
radiation parameters and the surface area of stratospheric sulfuric acid, sea surface temperature, and sea ice
density. These data included future projection data as well as past observational data. For example, the GHG
data for the future were taken from the SSP1-2.6, SSP2-4.5, and SSP3-7.0 scenarios for CMIP6. We
performed a model calculation for 151 years from 1950 to 2100. The minimum total ozone between 45°S
and 90°S for September—November showed an increase from the minimum around the year 2000 to the
future. The minimum total ozone reached the 1980 level around the year 2060, however, it did not reach the
1960 level by the end of this century, even when the highest GHG concentration scenario (SSP3-7.0) was
used.

We also performed analyses of the Arctic lower stratospheric temperature and polar-night jet strength
and investigated the relationship between these quantities and the total ozone amount. The analyses showed
that for the ensemble members with low total ozone, the Arctic lower stratospheric temperature became lower
and the Arctic polar-night jet became stronger as ODS concentrations increased. This behavior is different
from that for the 500-ensemble-member mean but similar to that for the Antarctic. The results suggest that
ODS regulation is important for recovery from ozone depletion not only in the Antarctic but also at the mid-
and high latitudes in the Northern Hemisphere, where the year-to-year variation of the polar vortex is large,
causing a large year-to-year variation in the ozone amount and hence masking the ODS dependence of ozone.

Keywords:
chemistry-climate model, MIROC, ozone layer, ODS, GHG, stratosphere, CFC regulation
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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) that 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 (Nitta et al., 2014), which is a component of the global climate model MIROC
(Watanabe et al., 2010). This year, we performed historical and future projection simulations by using
MIROC-INTEG-LAND to evaluate the combined impacts of future socio-economic and climate changes on
water resources, ecosystems, crop production, and land use. We also analyzed the effects of future climate
change and human activity on extremely strong droughts. We investigated the changes in the frequency of
hydrological drought (abnormally low river discharge) under high and low greenhouse gas concentration
scenarios with present water resource management and estimated the time for the first emergence of
unprecedented regional drought conditions. Such extreme drought conditions were detected for several
subcontinental-scale regions, and three regions, namely Southwestern South America, Mediterranean Europe,
and Northern Africa, exhibited particularly robust results in the high-emission scenario. These three regions
would face unprecedented conditions within the next 30 years with a high likelihood regardless of the
emission scenario. In parallel with this, we proceeded with the development of MIROC-INTEG-ES, where
atmosphere and ocean models are coupled to MIROC-INTEG-LAND.

Keywords:
climate change, integration, risk management
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Abstract:

Climate change impacts on the water environment, especially water quality governed strongly by river
discharge in enclosed water areas, have not yet been elucidated, although research on rising water
temperatures has been conducted. Our primary objective is to predict and assess climate change impacts on
the water environment and ecosystem in coastal bays and lakes in Japan (e.g., Seto Inland Sea, Ise Bay,
Tokyo Bay, Lake Biwa) using our integrated river-ocean hydro-environment assessment model under the
Representative Concentration Pathway climate scenarios. Based on numerical simulations, nutrient
management as a means of climate change adaptation for each water area is discussed.

In FY 2021, to clarify climate change impacts on nutrient behavior in Harima Nada located in the eastern
part of the Seto Inland Sea, we performed flow analyses of water and nitrogen based on 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. There was
no significant difference in water flow between the present and the future climates. However, the horizontal
flow of nitrogen during summer and autumn under the future climate became higher than that under the
present climate because rising sea temperatures reduced primary production and subsequent sedimentation.
During winter and spring, a seasonal decrease in the amount of nitrogen in the future Harima Nada was
enhanced by higher primary production because of sea warming.

Keywords:
climate change impact, nitrogen flow, primary production, integrated river-ocean hydro-environment
assessment model, Seto Inland Sea
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Abstract:

Understanding the sources and sinks of greenhouse gases (GHGs) is imperative for improving the
prediction of global warming. Furthermore, the recent increase in worldwide interest requires science-based
information on GHGs to efficiently reduce their emissions. An atmospheric transport model is one prominent
tool for evaluating GHG sources and sinks at the earth’s surface using data from atmospheric observations
of GHGs obtained from ground-based stations, mobile platforms such as aircraft and ships, and satellites.
This study utilizes an atmospheric transport model to investigate atmospheric GHGs and estimate their
sources and sinks at the surface to provide science-based information for better global warming prediction
and effective emissions reduction. We used the atmospheric transport model NICAM-TM and the inverse
analysis system named NISMON-CO,, which is based on NICAM-TM, to estimate surface carbon dioxide
(CO») fluxes. Furthermore, NICAM-TM was used with a simplified chemistry module to evaluate biomass
burning emissions data by using carbon monoxide (CO) as a proxy for biomass burning. Using atmospheric
simulations and CO; and CH4 observations at the Hateruma station, we estimated a 0-20% increase in CO,
emissions in China for 2021 compared to the previous 9-year average (2011-2019). For the inverse analysis
of NISMON-CO,, we newly developed a scheme that optimizes fluxes at arbitrary latitude-longitude grids
(e.g., 1°%1°) instead of the NICAM’s icosahedral grids. Furthermore, the CO simulation revealed that above-
ground biomass data have a significant role in the estimates of biomass burning emissions. The inverse
analysis with NISMON-CO, revealed significant differences in column-averaged CO, mole fractions (XCO,)
between GOSAT and GOSAT-2, indicating biases of GOSAT-2 XCO; in the southern part of Africa.

Keywords:
atmospheric transport model, inverse analysis, greenhouse gas, GOSAT
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JUNKZISHIFRGERT AR - 22 R
ALHEE R R LGB AT e VeEsth
IR TFR AR PHEAT

KRBT AR IEFT RERR RAMEI TR elfhn T
BERERERFEEREE 77— JH Boe

HE

BRBEE & R BEO#E & 72 5 KRG W) DR ZE [ 750 AT % @i C T3 21, Bl —
ZEEN LT — 2L TFEEZFIHTH 2 EBARAARTHY, AFETITI= T ey vr — Ik
FIEEZHH LRI RKIE Y TR AT DA BET L L2 BN ET 5, ZNVE TRAIGR
W& k€ 7 /b NICAM-Chem (Zxf L C., RT7 Y%7 B~ 7 4 0% — (Localized
Ensemble Transform Kalman Filter: LETKF) #HW\W T, fE N o& o7 v Y L EiE S

(Aerosol Optical Thickness: AOT) Z[F{kT 5 Z & T, KV ERELR=T oYy VEHAE L TET,
AFEET, UL AT L ORI & fif#dT LT, NICAM-Chem OB S A L, £7 /L TR
TREMRF Lz, BARRYIZIX, LETKF 2 X5 2 kot&D AOT #[Afb3 % 2 & T, MR D PMys
RENEOREUE LIZONETT, TOME, =7V VEESHDONL T AL, T /LT
AR ENIe=T v VRIERGAT DS T ADRREMEDR L L 72572, ZOftl, NICAM-Chem T
&N 72 NO, 2 AN Tffr 2 TROPOMI Ot & b+ Z & T, 2B TOET VMIEE{T7
>72, F72. NICAM-Chem & I 72 588 A r— V% @/ fifRE CRA 95 Z L 3 TX % SCALE-
Chem ZHWT, HAT VT ADHHEWRENG L LIET ASMRESkm D=7 1Y Ly o
L—ya U FEBITE, falaARTE,

F—U—FK:
KEELRE. Bk, LETKF, PMzs. NO2, EF /LK E. NICAM-Chem, SCALE-Chem
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SUNNRFISHFIGERT DA « 22 R
Bl ST DNE NS 782 20 s
IR EREERF PTHEAT
KRBT ARG TR EERR KM EIFZEET HREEG T
BEREBEERFEEE ¥ — JH Buz

1. EER

R BT L RO L 72 5 KB L, WEMEBNIERICRZ N, 20D, KK
5 YL VE DB 225570 & R TP 2 1CiE, BT — 2 240 L7 — 2 AL FiE 2RI
L ERRARTHY , F—F FULFEOEACKH L TA— = B a— X RUEL D10,
=7 u YT — 2 FULTFE AT LR R R RIE Y PRl 2T A OfESR % BT,

F—U—FK:
KEIELE. Bk, LETKF, PMzs. NO2, EF /L% E. NICAM-Chem, SCALE-Chem

2. A——a vV a— 2 H HEE

2.1 A BRI HEER (2021454 A 1 B~202243 H 31 H)
CPU Kfff]  v_debug :0.00 [VE - hours]
v_normal :101,447.20 [VE * hours]
#F  :101,447.20 [VE - hours]

2.2 FIFABEE

AR TIL. FEERSIFIE 20 HIAKRKET L NICAM CREGUEMBELZHETHZ LN Tx 5
NICAM-Chem €7 /L% HWT, RERKOGEIR A 77— /L & RIS R 21772 > Cnb, 72,
AT HIR DI NNZE A — VD KREKIEGE > 2 = L — 3 2B L Cid SCALE-Chem %
)Eﬁb\éo
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3. MR

3.0 B

BRBEMIRE & RUERREDHE & 70 D KRB E % @k CTHIT 211X, BT — % 240 LTz
T L FEEZRIAT 5 Z ERRAIRTH D, [FULOF R Z R KIRIEE S 57012, Rk
HWLEHT — % ORE L WEEHSS, fRHRE R BETET VOFHRMER Lo-doET Lk R
IER DI, AEE L, UL AT AERIZL > T, BEETVORBES 2T 5 2 & TE
FAMB O AR LT, FULY AT AT A — S —a L B a—Z 2F ] L\ & S EAMmN A
U LETKF % HV /=, LETKF (2 X5 2 Rt ED AOT % [FMfbd 5 Z & T, MR D PM,s RN
EORERELIZONEMRRE A, 2T R Y NMERESADONAT AL ET /VTHE I
T Y VRGO NA T ADR[REMMNIA B E 7e o7, T DM, NICAM-Chem CalHE 7=
NO, Z AN Tf# 5 TROPOMI DO#EF & g4 2 2 & T, R COTT ARt 21T o712, £7-.
NICAM-Chem & [3#72 258k A 7r— V% @0 ffRE CRIA 95 2 L A T& % SCALE-Chem %
T, EWEEZMBL LT A Ial—a by EBTE, RCEAETX,

32 HRELEHB

KEIGYITBRBEMIBE & LT 1970 FEEN G HF H SN TR Y | 2013 40 PMys BREh 21§12, AART
IERE RIS -T2, TO—FH T, RRBEMEOREN LD THL=T a v
X, KRR CTKREEZWIN « 8L 2 2 &0, B0 L L TEOMWERMEEZE XD Z LI
Ko T, HIBROFIN G I L OREIC KR EREEL H 2 T 5, FEERAIZIE, HERIER (LA I
T 5 7202 PR R e R S BN 5 & IFF S 2 e KU TR [R] 1 (Short-Lived Climate
Forcers: SLCFs) WEH S TW5, EREEMME & SMEREOHE & 72 5 REIGYE L. & DORFZER
EENRIEF IR E N, ZO7d, RERVGYWE DR 225046 2 w3 2121k, Bl —
A EED LT =X AL TEEFIAT 2 EBRRARTH D, T —FEULTIET R 7T >
YT NEHEEZVLELT A, BT I 21— a v OFEITEY HEL O EEL L
L, 2= —ar Va—ZOFHNRRAI R ER D,

T ZTCOARMZEIR, =7 r Y AT —H[EHbRIEEZ R LR R R KIEG TRV AT LD A—
N—a v Ea—# ETOEELZRNET S, ZOMOHEME LT, NICAM-Chem OE 7 ViR %
MEERIZAT 5 = L 22T 5, RMEET VOBFBMENRT — X FAHLER O R 7 p—< U RATRKRELE
BELHZ b, L0EREICKRKIGRE TR 572D OG22 ET VRRIZNAETH S,
2T, PHIOERBECET RO T7T 7a—F L LT AFET AT U 7 VEOE A% B
L. NICAM-Chem & 3872 5 A 7 — /LT /LT 5 SCALE-Chem % A= ETHEIHRA
BB S, FOksEN FAR S,

33 FEHE
331 =7 Y Tr—# Rk

FEFF 2 IE 20 HAKS K& E T /L NICAM (e.g., Satoh et al., 2014) (CHE#SnN/i-=7 1V L%
FCK LT, R 7 o7~ 7 ¢ L% — (Localized Ensemble Transform Kalman Filter:
LETKF) (Huntetal.,2007) Z#i@/H9 %52 & T, =7 vy /L7 —X[FE{k (e.g.,Daietal.,2014) %17
ST, FHEIZAWBIT —Z 1%, [UELEHENEE THDH LE I (GCOM-C) IZ## -
SGLI &> % —Mm 515572 AOT Version 2 (Yoshida et al., 2021) Toh 5, FEEE S FRBEOFHH %
FhE L, #m3C (Chengetal,2021) & L CARTHIENTEN, AFEEIIRE S MM %2 13
MER 5 5 & L, FMRICHWTO 22 WELRIT — % (NASA (2 X 5 AERONET (2 £ % AOT (Holben
etal, 1998) L EREEH KKIGEUWE IS AT 2 X D PMys JREE) & Ol & #77-124T
5 ET, =T Y VEFZER AR DT T VBB Z FEMICREE L Te, BT V0 fREEIX S6km, SEE
LB EBRIZ= 7 a Y A Ekd 0 L EMEZ2R Lo 2 FECh 5, EBRRTEHIFEIL 2018 42 3 H 23
HrH 4 A9 HETOD 18 HME L7z, BEODLILNCEP-FNL 7 — X %2 F v 7 Lz, =7a)
IVOHPEHEA X MU, AAIEJEIX HTAP v2 (Janssens-Maenhout etal., 2015) . ZRAR AR &R
X GFEDv3.1 (vander Werfetal.,2006) 47 —# & L CH x2., 1R 7B X OVBER T1XE5
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IINERTHRA IR D,

332 WERAEY Iz L—va v

202041 1 0 BRAA L7 TN A TEREA  (IRF « ARREl) & LT, SLCFIZH A ERIARIC
B8 L T HNICAM-Chem T8 Z Bi4h L7-, NICAM-Chem CEtE T 2 EXADOFHEE Y = — /11T
MIROC-CHASER (Sudoetal.,2002) Z-X—A & LTV %, NICAM-Chem CitH & 7= MESIMAIX
FIERAER AR+ TH D72, WEEFEIZ5] &t & . NICAM-Chem % 2 ERI#(4 £ 56 km D FH R AE H %
W RRGREZ FE U 7o, RRICA IR, 20192 xf % & L, A L% 2 Sentinel-SPIZ 5 < 7=
TROPOMIE > H—IZ K 5 T HAVENO D SR EAR F ST BI 3 2 bl 2 52 U 7o, HEH &1
F U, AAEIFEO S OIZHTAP v2 (Janssens-Maenhout et al., 2015) . Zppfik S IFIZGFEDvV3. 1
(van der Werf et al., 2006) T 5,

3.3.3 SCALE-Chem

NASA/AERONET/ZDRAGON (Distributed Regional Aerosol Gridded Observation Networks) & -
XD SR 2 B ICRE U 7o R R KR R EL A R R COEiE L TV 5, 20200REF1 6, &
BIIROBART VT ZNZEBWT, B KRRG R ERENE#RS e & &2 V=S el
(DRAGON-JALPS) 23D LAV TUWN 5, 202003 A IZIXFH AR -l Z CTHERT U FH-OPMo s ER
Ve A — 2 AW BIHEIR A2 S LT, SO BT — & L T v Y VST T L
(SCALE-Chem) % W7z lEERGEC LR A 72 PHIE O =T 10 Y )L ~DO R BHR 21T > 1=,
SCALE-Chem® & T /UG EIXS kmE L, R A FMERIZIINHM-ChemDFE R A2FIH L=, €TV
FREEIZ. 2020F3 H1H 7 H23H Z2xi5% & L, RFERIRAI A x5 & L T{THI7-DRAGON J-
ALPSETBUI TR O N T v VBIIIEREZFIH Uiz, $eHEA v U, ABERFEO S
DIFXREASV2 (Kurokawaetal.,2013) TH D, =7 1V VLK OEEEDDILEDNEZFRD 720
W2, 3FFEOFERR (Bl : SRR, B2 BT — % 2 HO T ILIEO R VIRIEDREE S5, E3 : B
BNO NBRIATT 7 Y VOB 2RV IRBE DL 2ER) 23 L=, ILEDZE (Mt. Effect)
% (E1-E2) /E1OfEXHE T, BREFENOHPEHOME (Local effect) 1 (E1-E3) /E3DFHNT b %G1
L., HIREPMsIRE ORI 21 T2 > 7o, 7RBAMFIEARIL, Nakataetal, (2021)& L TAR L TV
Do

34 FER
341 =7 a5 —Z Rk

NICAM-Chem T#HHE S 4172 AOT DAL L7 R BLIFE RISV e E TR 572012, A
(EITIZAW TR Mt EEL] AERONET @ AOT A #diEr —# & U CHIH L=, 8 oHET
DI L7223, 2 2 COEami3EN & Rk 2 #iS &35, X1 OfEENG, @i TiE 3
A 31 B 54 A1 BIZHTTAOT &EfE2Y AERONET TEUAI S N/=28, Z o&EfElXE ks v o
Ralb—varyTLriaBanTWiehostz, FKKTHEMIEIC AOT S{E2 AERONET C
BN FUEDH D DV R 2 b—v a URERDORB KRG 2228 5 b Ll & < BBl T& 72, AOT
T T a Y VhEMEAR TH L0, ARAEFRICL D BERRKRE WM BT To T vy L jgE
NEI 725 TWTZONRIFT-ZT Vbbb 7ew, £ 2 TH BT d PMys IREOENIT —% %= Hwv
T, BT URERORGEZE i L7z,

X 2 1%, BEWEHLS & ALTUN T 12 81 B i EAHIE O PMas I EE DR RSN L EZ R LT b, 3 A
29 HOALIUNR 4 A 2 HOBBEIZEB W TR LD AOT EMEOREE LS AD &, FEH Y @
PMas EEDBHFERIZIT SN TND R, i/ Th 72, IHICET LV THEAEINE
PMio (K% 10 um AT D=7 1 VL) REEIX, E7 VTR SN PMosIBE L 0 S8l S 7
PMas JEEEI03E D > -, AOT TlRUL LD T, EF LD AOT BIE LW ERET S &, Hi FAHED
PMy s 2 FE DI/ NEEiIE, RO 2 SOERNEZEZ HND, 1 DiF, =7 1 Y VRENEWEDOFLE
WZRD=T v Y VEREGAA DAL T AThD, 9 1 D&, ETACTRIAE SN T 1/ /LRI
A DN ASA T ANRH 0 | B IR 128 LT INKEF- 258/ Nl T 5 alfEtE b & 5.,
E7-. FERER D AOT N KFHEiOHE THLH5ATH EFLOBRNZY L O 5, MEARHL
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MEROTELN, BFRLELTT, 2RILETHD AOT AT 52 & T, =7 1Y D 3RIL
SAOBIMEG A L, # AT PMas IREOBIME bR L4 5 2 LRSS,

2018F3H28H~31H 20185F4A18~3H
#f (AERONETH A |) _, 1@ (AERONET# A })
~EesY ' BB Y
—FHE% L ] —@taL |
@iz E 08 4 iE L
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T T T y !
38288 3A29H 38308 38218 4A18 4R28 4HA238

. B (AERONETY A }) KBR (AERONETH 4 )
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38 —ﬁ]‘ftibu E 18 - _E.Hta i =
—[EkaL | —FEHe L
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1. NICAM-Chem CHE L7z AOT ORI, HRIGATIL, & & KPIZ$H 5 AERONET %A k

&0

ThH D, HWIMIL 201843 A28 H~31 HE 20184F4 H 1 H~3 A TH 5D, /¥, 201843 A
28 H~31 HD#EHIZ, Chengetal. 2021)DX 6 Z5[H L, AAZFERTLE LT,

BIFE (KNS) LM (KKJ)

60

=[EHEEH Y
~[EHEH U (PM10)

X 2.

i EAHED PMas EE OBERFISAA, HEIGATIE, KBITORKTH TRy S-2E 10 Hh
OIBLOEEEINTHD, VI a2 —ra UEERIZ3I DR LTEY BHEH Y O PMas IR,
[Fkd 0 O PMyo JEEE . FE72 LD PMys 1E Tdh 5, BLHIRE ST EBREEE KKI5 Y I AR s
AT AL TEM SN D Th D, FkOE RIS OMBEIAK 2 OS2 OHFE (2018 47 3
H28 H~31 H) . EOOE RO NK 2 OB S OHM (201844 H 1 H~3 H) T
»H5,
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NICAM-Chem THtH X372 NO» OSHEEA EOET VERORIEEZIT 72, 2D NO, 1%,
TMW@M@)h)—Awfmw%nt7xv—9/¢ﬁ~*w%ﬂ%LfﬁmbtoHx@&
(b) 1Z1E NO, DA FHRER X 2R L TR Y, X 3(c)iZid TROPOMI & NICAM-Chem D BRI %
Tay NLTebDThD, BERSMAE AL L, T TOmMK L, WETOMNE WS TR —
AT IS HHREIN T, L, K 30)nbbnnd X1, NOy BENWEZA (OF T
) CIHmKFHMEEm A H Y . NOy 23D 7t 2 A (-oF 0 grECkE EOIEA ) T/ NEEAmE
MOz, FEFHEEEIL, MRS 116, FHEEFREAY 0.82, RMSE 2% 4.85X 10" molecule cm™
2 (CEHEIZHT LT I0%RREDORMENE) Thbd Z Eiboolz, BT AHFEMEICITSRED S
FHHb00, MRRIRFERTHDLENVZ D,

(a) NO {T F{DF'DMUSen‘tlneI-EF'}

TROPOMI/Sentinel-5P

0 1 2 3 4 5
Tropospheric NO2 vertical column density [x10'5 moleculesfoms]

3. (a) Sentinel-5P |Z#&# & 17z TROPOMI & > ¥ — T S iz NO: ShEREEEDEFLH 5. (b)
NICAM-Chem TiHE SN 7z NO: ShEBEEDOE LY A, (¢) NO2 (B4 5 TROPOMI &
NICAM-Chem D& X,

3.4.3 SCALE-Chem
SCALE-ChemD3FEEHDPMysy 2 = L— a3 U b, [HEZIE Mteffect) & EFEANOPEH O
ZhH (Local effect) 72 RFE S o 7=, K4121%, J-ALPSH 1~ Tty L 7= H B DMt effect & Local effect
R LTWAH, Mteffectii~A T 20 A b HIVE, 7720 A HH Y, 7T A7 5 A idLocal effect
HREWT ERZUN, K5I Mt effectd~ A F A L7225 HOFE LT20208:3 H20H . Mt effecth’
T A LT D HOHE L T20204E3 H9 H DOPMy sile 4341 2 7= L7z, 202093 A OFER B | LR
T Y NVORAEMA TWLHEE S HUE, RERNOJEHIC LY (LEEOARIC=T 7> v
DEEVLTVHIZIE, WER=T e Y VOMBIZTHE L TWAEaLHLZ Enbhot,
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Mt effect and Local effect

1 6 11 16 21
Date in March 2020

X 4.J-ALPS ¥ 1 kT L7z Mteffect & Local effect ® HE¥fE, Mteffect [T T 7. Local effect
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Abstract:

Air pollution is the key to environmental and climate issues. To forecast its spatio-temporal distribution
more accurately, a data assimilation technique using measurements is required. The purpose of this project
is to develop a system for atmospheric forecasting using the data assimilation in an air pollution transport
model (NICAM-Chem) as the next-generation 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) to reproduce the realistic spatio-temporal distribution of air pollution. This
year, we analyzed the assimilation results, extracted the problems of the NICAM-Chem simulation, and
examined the points that should be improved in NICAM-Chem. Specifically, we examined how the surface
PM, 5 mass concentrations improved by assimilating 2-dimensional AOT using LETKF. We found possible
model biases of both the vertical aerosol profile and the aerosol size distribution of the model. We also
validated the global NICAM-Chem simulation by comparing the simulated NO, with TROPOMI
(TROPOspheric Monitoring Instrument)-retrieved results. In parallel, we performed simulations using the
SCALE-Chem model, which can simulate aerosols on a regional scale, with 5 km grid spacing in the Japan
Alpes, Nagano prefecture, and published the results in the literature.

Keywords:

atmospheric pollution, assimilation, LETKF, PMz.s, NOz, model development, NICAM-Chem, SCALE-
Chem
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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 evaluated the riming process and the graupel size distribution in a single-moment
microphysics scheme of NICAM by investigating the vertical profiles of Doppler velocity using a 94 GHz
Doppler cloud profiling radar on the ground. We examined the results of the EarthCARE CPR, which were
simulated by NICAM and the Joint Simulator before the launch of the EarthCARE satellite.

Keywords:
global cloud system resolving model, precipitation systems, satellite simulator
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Project members:
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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 to improve the
prediction skills of climate models and data assimilation of satellite data. The global non-hydrostatic model
NICAM (Non-hydrostatic ICosahedral Atmospheric Model) can 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 hydrological cycles. This research aims at evaluating the cloud precipitation systems of NICAM using
satellite data and a satellite simulator to understand 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, 2020 — March 31, 2021)
CPU hours v _debug :0.00 hours [VE * hours]
v_normal :0.00 hours [VE * hours]
Total :0.00 hours [VE - 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 statistics were done using the workstation of the
Atmosphere and Ocean Research Institute.

3. Research progress and results

3.1 Outline

In this fiscal year, we evaluated the riming process and the graupel size distribution in a single-moment
microphysics scheme in NICAM using a 94 GHz Doppler cloud profiling radar (CPR) on the ground for the
ULTra-slte for Measuring the Atmosphere of the Tokyo metropolitan Environment (ULTIMATE) project.
We investigated the effect on the vertical profiles of Doppler velocity by sensitivity tests related to graupel.
We also discussed how to apply these evaluation results related to different observation window settings of
the EarthCARE CPR using the Joint Simulator.

3.2 Research background and purpose

One of the challenging satellite projects is the Earth Clouds, Aerosol and Radiation Explorer
(EarthCARE, Illingworth, et al., 2015) satellite, which is a joint mission by the European Space Agency
(ESA) and Japanese Aerospace Exploration Agency (JAXA). The EarthCARE has multiple passive and
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active sensors in the same body to investigate clouds, aerosols, precipitation, and associated radiation budgets.
It has a Cloud Profiling Radar (CPR), ATmospheric LIDar (ATLID), Multi-Spectral Imager (MSI), and
Broad Band Radiometer (BBR). The CPR of EarthCARE has Doppler capability to provide information on
the terminal velocity of rain and ice and convective motions. Furthermore, multiple sensors have synergy to
understand the interaction between clouds and aerosols and provide new insights into the evaluation of Global
cloud-resolving models (GCRMs) such as the Nonhydrostatic ICosahedral Atmospheric Model (NICAM,
Satoh et al., 2014).

The GCRMs also help the satellite group to provide information about the tests of plausible data and the
evaluation of retrieval algorithms in the planning stages and before the launch of a satellite. These kinds of
satellite simulations using GCRMs or GCMs are called the Observing System Simulation Experiments
(OSSE). For example, the EarthCARE-like radiances are simulated by NICAM and a joint simulator for
satellite sensors (Joint Simulator, Hashino et al., 2013), and they have been used to develop the retrieval
algorithm of the EarthCARE satellite.

Satellite data have limitations due to the lack of active sensors and the difficulty in long-term observation
in a specific area and in tracking the precipitation systems. Ground observations are helpful to overcome
these limitations. The ground remote-sensing observational data are relatively concentrated in metropolitan
areas because they are used for preventing disasters. The ULTra-slte for Measuring the Atmosphere of the
Tokyo metropolitan Environment (ULTIMATE) project is proposed to use these intensive observational data
in the Tokyo area together with satellite observations to evaluate and improve the cloud microphysics
schemes of GCRMs and to validate the EarthCARE satellite. The merits of these projects are related to
several active sensors that detect the vertical distributions of clouds and precipitation and provide detailed
information about clouds and precipitation. For example, Doppler polarimetric radars provide more
information about the size distributions, hydrometeor types, and terminal velocity of hydrometeors. Several
radars are used in the Tokyo Metropolitan Areas like c-band, x-band polarimetric radars, and w-band cloud
radars. The Wind profiler Network and Data Acquisition System (WINDAS, Ishihara et al., 2006) data are
available to analyze the vertical profiles of wind. The synergy of intensive ground remote sensing
observations and satellite data contributes to the understanding of microphysical processes and improvements
in microphysics in the GCRMs.

In the previous year, we introduced the preliminary evaluation results of NICAM using a 94 GHz
Doppler CPR in NICT and 5.3 GHz polarimetric radars at Narita and Haneda airports.

In this fiscal year, we introduced the results of the sensitivity tests of microphysics related to graupel
and investigated the effect on the vertical profiles of Doppler velocity using the NICT CPR. We examined
the results of the EarthCARE CPR, which were simulated by NICAM and the Joint Simulator before the
launch of the EarthCARE satellite.

3.3 Data and methodology

We evaluated the clouds and precipitation fields simulated by the NICAM. We followed the approach
by Roh and Satoh (2014) to use NICAM as a regional model by transforming the grid to focus on the region
of interest with high resolution (the stretched NICAM; Tomita 2008a). We simulated two kinds of
resolutions: NICAM GLevel 8 (GL8) and NICAM GLevel 10 (GL10). The GL8 has a minimum resolution
of 2.4 km for all the results expect that in Fig. 3.5, and the NICAM GLevel 10 (GL10) has a minimum
resolution of 700 m for the snapshot of the cross-section in Fig.3.5. We simulated three cases of rain events
in September 2019. The first case (Case 1) was the tropical cyclone (TC) Faxai. The second case (Case 2)
was the extratropical cyclone with comma precipitation. The third was a Predecessor Rain Event (PRE)
related to a tropical cyclone. The integration time for Case 1 was from 00 UTC on 8 September to 00 UTC
on 11™ September 2019. The integration time for Case 2 was from 06 UTC on 15 September to 06 UTC on
18" September 2019. Finally, the integration time for Case 3 was from 00 UTC on 20 September to 00 UTC
on 23" September 2019. In this study, we mainly focused on the results of NICAM GLS.

The NICAM simulations were initialized with National Centers for Environmental Prediction (NECP)
data with a one-degree resolution for wind, temperature, relative humidity, and geopotential data. The sea
surface temperature was fixed. We conducted simulations with the NICAM Single-moment Water 6-
categories (Tomita 2008b) with modifications by Roh and Satoh (2014) (hereafter referred to as NSWo6).

We used the National Institute of Information and Communications Technology 94 GHz Cloud Profiling
Radar (NICT CPR), which is located in NICT (N35.7° , E139.5° ). This NICT CPR is a vertically pointing
radar and has similar performances to EarthCARE CPR with Doppler capability.
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The sensor simulators used were the EarthCARE Active Sensor Simulator (EASE, Okamoto et al., 2007,
2008; Nishizawa et al., 2008) for the evaluation of the NICT 94 GHz CPR. We set the same assumptions of
the size distributions of hydrometeors both for the NICAM simulation and the Joint Simulator. For the cloud
ice and cloud water of NSW6, size distributions are not explicitly assumed in NICAM. For these categories,
we set the mono-size distributions as 40 um for the effective radius of cloud ice and 8 um for the effective
radius of cloud water in the Joint Simulator.

3.4 Sensitivity tests

In the previous fiscal year, we compared the evaluation results of the Contoured Frequency by Altitude
Diagrams (CFADs) of radar reflectivity and Doppler velocity between observations and NICAM for Case 1.
We found several issues related to the CFADs of the Doppler velocity, such as the riming process from 5 km
to 8 km in the observations. The observations showed a high fraction with a Doppler velocity lower than 2
m/s from the riming process. NICAM does not show this characteristic. The other issue was the increase in
the Doppler velocity from 4 km to the ground in NICAM. The observations do not show this pattern. We
speculate that this bias is from the evaporation and coalescence processes of rain. In this report, we mainly
focus on improving the riming process related to graupel.

We expanded the three cases using the CFADs of Doppler velocity (Fig. 3.1). Case 1 shows a dominant
riming process related to the square in Fig. 3.1 a, but Case 2 and Case 3 do not show high frequencies of the
square area like Case 1. The NICAM simulation shows an underestimation of the riming process for Case 1,
but good agreement with the observations for Case 2 and Case 3.

First, we aimed at improving the riming process for Case 1. We prepared two kinds of experiments:
increases in graupel size and increases in the graupel amount. The particle size of graupel followed the
negative exponential distribution:

N(D) = Ny exp[—AD]

where Nog is the intercept parameter of graupel, D is the diameter, and | is a slope parameter. The first
changed parameter is Nog. We decreased the Nog from 4x 103(4.E8) to 4x 10°(4.E6) every 10 times. It affected
the increase in large-sized graupel as a decrease in Nog.

The collection of snow by graupel (PGACS) is described as

e}

1 T
Peacs = Ecsg.f Z(Ds + Dg)?|Vs(Ds) — Vg (Dg)| x mg(Ds)ng(Ds)mg(Dg)ng(Dg)dDsdDg

0

where Egs is the collection efficiency, and the subscripts s and g denote snow and graupel. V, m (D),
and n (D) are the terminal velocity, mass, and number concentration of each particle, respectively. The second
parameter is the maximum of Egs called the collection efficiency of snow by graupel. The default value is 0,
which was optimized for the open ocean. We increased the maximum Egs to 0.1 and 1 as shown in Fig. 3.2
(the solid line means MEgs = 0.1 and the dotted line means MEgs = 1 in Fig. 3.2).

Figure 3.3 shows the results of the sensitivity tests. When we increased the MEgs, MEgs controlled the
fraction of graupel and the top height of the riming areas. The upper figures in Fig. 3.3 show the increase of
the top height from 8 km to 10 km in the riming areas with a Doppler velocity lower than -2 m/s. The
frequencies of the riming areas also increased with the increase in MEgs.

The decrease in Nog was related to the increase in large graupel in the fixed ice water content of graupel.
The decrease in Nog reduced the minimum Doppler velocity, which means an increase in the terminal velocity
of ice hydrometeors (the right figures in Fig. 3.3). It affected the decrease in the top height of the riming
areas. This implies that an increase in large graupel induces a shorter lifetime for ice hydrometeors from the
fast terminal velocity than the smaller Noc.

We expanded the experiment with 4.E7 for Nog and 0.1 for MEgs to Cases 2 and 3 (Fig. 3.4). The setting
related to the increase in the graupel fraction also affected Case 1. These settings overestimated the graupel
fraction for Cases 2 and 3. We think it is necessary to determine a universal setting related to the riming
process for weak precipitation cases. We will use the vertical velocity data to optimize Nog and MEgs to
avoid the case dependencies.
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Fig. 3.1 Contoured Frequency by Altitude Diagrams (CFADs) of Doppler velocity between NICT CPR (left)
and NICAM GLS8 (right) for Case 1 (top), Case 2 (middle), and Case 3 (bottom). The unit of the y-
axis is km. The unit of the x-axis is m/s (Doppler velocity).

-75 -



Numerical study on cloud systems using NICAM
(NICAMIZ & % ERK & 2T LOHITE)

1.0 T T
0.8 f
>
(@)
C F [ N
ol ‘
5 0.6 P
2 8 ) q
@ L
C .
o
IS 0.4+ -
2 L
(@}
0.2 _
-60 —-40 -20 0

Temperature
Fig. 3.2 Collection efficiency of snow by graupel in terms of temperature for the sensitivity test. The solid
line is when the maximum collection efficiency (MEgs) is set to 0.1, and the dotted line is when the
MEgs is set to 1.
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Fig. 3.3 CFADs of Doppler velocity depending on Noc and MEgs for Case 1. Top: Noc = 4.E8, middle: Noc
=4.E7, and bottom: Noc = 4.E6. Left: MEcs = 0, center: the solid line in Fig. 3.2, MEgs = 0.1, and
right: the dotted line in Fig. 3.2, MEgs = 1.0. The unit of the y-axis is km. The unit of the x-axis is
m/s (Doppler velocity).
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Fig. 3.4 CFADs of Doppler velocity with Noc = 4.E7 and MEgs = 0.1 for Case 1 (a), Case 2 (b), and Case 3
(¢).

3.5 Applications to the EarthCARE CPR

The Joint Simulator can simulate a realistic signal like the EarthCARE CPR with possible random errors
(Hagihara et al., 2021). There are two modes of the observation window: high mode and low mode. The high
mode has a 20 km observation window but lower PRFs than the low mode. The low mode has a 16 km
observation window but a better accuracy of Doppler velocity from the higher PRFs than the high mode.
Figure 3.5 shows examples of the Doppler velocities with no errors, errors of the high mode, and errors of
the low mode. The results of the low mode show a better performance of Doppler velocity resembling a true
Doppler velocity than the results of the high mode. The range between the maximum and minimum Doppler
velocities is larger than that in the high mode. However, the low mode can observe clouds below 16 km, but
it has a critical issue in the low-latitude areas.

We prepared two experimental sets, a control set and an increase of the graupel fraction from the
previous sensitivity tests for Case 1. The control experiment (CON) had Nog = 4.E8 and MEgs= 0, and the
modified experiment (MODI) had NOg =4.E7 and MEgs= 0.1. The MODI showed more frequencies related
to graupel and riming areas at 5-10 km altitude and a Doppler velocity lower than -2 m/s than CON (Fig.
3.3a, e). These results also are similar to the results from simulations of the EarthCARE CPR (Fig. 3.6a, b).
For realistic results, we applied possible random errors based on the low mode. These random errors
broadened the variances in Doppler velocity, therefore, it was difficult to see the difference in riming fractions
(Fig. 3.6¢c, d). However, when we focused only on areas of a radar reflectivity (ZH) larger than -15 dBZ, the
CFADs converged, and we could notice a change in the sensitivity tests, i.e., results without errors. According
to Hagihara et al., 2021, the standard deviation is almost 1 m/s in this case (the low mode and ZH > -15 dBZ).

We also applied the errors of the high mode, but the variances in Doppler velocity were large and the
change in parameters did not affect the CFADs of Doppler velocity. However, we did not consider the
integration effect on these results. According to Hagihara et al., 2021, when a 10 km integration and ZH > -
15 dBZ were applied in the high mode, the standard deviation was less than 0.5 m/s. Thus, we can expect
better results using the integration method.
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Fig. 3.5 Cross-section of radar reflectivity (a), raw data of Doppler velocity (b), Doppler velocity with
random errors of the high mode (c), and Doppler velocity with random errors of the low mode (d)
for the Tropical Cyclone Faxai in NICAM GL10.
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Fig. 3.6 CFADs of Doppler velocity with Noc = 4.E8 and MEc s= 0 (left), and Noc = 4.E7 and MEgs = 0.1
(right) with no errors (top), errors of the low mode (middle), and errors of the low mode larger than
-15 dBZ of ZH (bottom) for Case 1.
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Fig. 3.7 CFADs of Doppler velocity with Noc = 4.E8 and MEcs = 0 (left), and Noc = 4.E7 and MEgs = 0.1
(right) with errors of the high mode (top), and errors of the high mode larger than -15 dBZ of ZH
(bottom) for Case 1.
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4. Summary

In this report, we continued to evaluate NICAM using NICT CPR and the Joint Simulator. We found an
underestimation of the graupel fraction for the tropical cyclone Faxai last fiscal year. We performed
sensitivity tests to increase the fraction of graupel related to the size distribution and the collection process
of snow by graupel. We found that the minimum Doppler velocity was related to the interceptor parameter
of graupel and that the frequencies of graupel were related to the collection process of snow by graupel. We
selected suitable parameters for graupel for Case 1 and we expanded the modified parameters to two other
cases. We found an overestimation of the graupel fraction for the precipitation cases weaker than Case 1.
Finally, we compared these results with the EarthCARE to find possible random errors. When we applied
the low mode of the EarthCARE with a radar reflectivity larger than -15 dBZ, we found an increase in graupel
frequencies similar to the evaluation results of the ground CPR observation. However, the evaluation results
are not consistent for the high mode because of large errors. We think the large errors could be reduced by
the integration method.

5. Future perspective

We found that the riming process of graupel and the graupel size distribution affected the vertical
profiles of Doppler velocity over the melting layer. However, the frequencies of graupel depended on the
case. Ground observations have limitations on spatial representation. We expect that the EarthCARE satellite
will give more information about graupel with large spatial and long temporal scales than the ground
observational data. These evaluation results are also useful to understand the performance and the application
of satellite observations before launch.
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Abstract:

Using an atmospheric general circulation model (AGCM), we performed a numerical experiment 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
(Abe et al., 2005) 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.
Therefore, a land planet is an important example for considering the habitability of exoplanets. The results
of our experiment performed with 0 degree of obliquity last year showed that most of the water on planetary
surface exist in the form of soil moisture in the polar region with solar constants larger than the critical value
of the occurrence of complete evaporation found in Abe et al. (2011). In this study, in order to examine
whether complete evaporation occurs or not for cases in which incoming solar radiation comes into the polar
region in the summer season, we performed a numerical experiment with an obliquity of 23.4 degrees. The
results showed that soil water in the polar region decreased in the summer season due to evaporation but
recovered again in the winter season due to precipitation. Therefore, complete evaporation did not occur. We
will ensure the physical validity of our results by thoroughly analyzing heat transport and water circulation
and, based on the analyses, will reexamine the possibility of the occurrence of complete evaporation under
our land planet configuration. In addition to that, we will continue to perform experiments on solar constant
dependence and will attempt to comprehend the climate regime diagram of land planets.

Keywords:
exoplanets, land planet, atmospheric general circulation model, complete evaporation
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R 1. N7 MVLERFREEOME

NEC SX-Aurora TSUBASA

VE %A 7 Type 10AE
a7 &7 Y O FLOPS 304GFLOPS
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Overview of the NIES Supercomputer System

Environmental Information Division, National Institute for Environmental Studies
NEC Corporation

Abstract:

The National Institute for Environmental Studies operated a supercomputer system (vector processing
computer: NEC SX-ACE, scalar processing computer: SGI UV-20 and UV-30) from June 2015 to November
2019. In March 2020, the system was completely updated and a new system started operation. The current
system is comprised of a vector processing computer (NEC SX-Aurora TSUBASA AS511-64), a scalar
processing computer (HPE Apollo 2000), and a large-capacity file system (DDN SFA200NV, ES18KE,
SS9012). InfiniBand is used for high-speed network connection. The vector processing computer has a peak
performance of 622.8TFLOPS, the total memory bandwidth is 345.6TB/s, and the total memory size is
12.0TiB. SX-Aurora TSUBASA consists of vector engines (VEs) that perform vector processing and vector
hosts (VHs) that control the VEs and the OS functions. One VH has eight VEs and one VE has eight cores.

The supercomputer has job queues for regular (v_normal) and debug (v_debug) jobs. They differ in the
maximum number of VHs that can be requested and the maximum elapsed time. In FY2021, the system
utilization rate was maintained at approximately 82%-100%, and the computational resource utilization rate
by research projects was 65.6%, ranging from a monthly average of 21% to 90%.

The large file system has two areas, ‘/home’ with a total capacity of 62TB and ‘/data’ with a total
capacity of 22PB. The /home is automatically backed up. In this system, a quota limit has been introduced
for the available data capacity and the number of files that each user or research project can use. The average
annual usage rate of the file system of the ‘/data’ area in FY2021 was 28%, and the usage rate increased from
23% to 29% within the period.

Vector computer

NEC SX-Aurora TSUBASA

hostname : scvil-scv32
05 : CentOS 7

» Total theoretical operation
performance (VE)
B21.BTFLOPS

e T-gbll!lamilrl msmary Capatity (VE)
1

= Total memory bandwidth (VEI
345.6TR

Scalar computer
HPE Apolio 2000
hostname : scsll-scs28
05 : Red Hat Enterprise Linux 7 5

»  Total thecretical operstion
performance

o T ]
BEATFLOPS o

sm|ms

7 Chassis (28nodes)

|| er———r——

= Total number of CPU cores
1120
+  Tothl main memory CApacity

5.25TiB

Frontend server

- H F"E_E"I'clLianI: DL3IG0 GenlD c
/home ) e m—. 0 oo w—
62TB for Vector (2nodes) for Scalar (2nodes)

22PB
Data storage and
job execution area

Large-file system

Home area

hostname : scfrvll, scfrv02  hostname : scfre0l, scfre02

05 : Red Hat Enterprise Linux 7
Number of CPU cores per node : 40
Main memory capacity per node : 192GiB

* Changed the unit notation of main memory capacity from SI prefix to binary prefix from FY2021.

Keywords :

System overview (March 2020 -)

supercomputer, vector processing computer, large-capacity file system
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CGER-1035-"99 (Out of stock)
WATANABE M., AMANO K., KOHATA K.: Three-Dimensional Circulation Model Driven by Wind,
Density, and Tidal Force for Ecosystem Analysis of Coastal Seas

CGER-1040-2000 (Out of stock)
HAYASHI Y.Y., TOYODA E., HOSAKA M., TAKEHIRO S., NAKAJIMA K., ISHIWATARI M.: Tropical
Precipitation Patterns in Response to a Local Warm SST Area Placed at the Equator of an Aqua Planet

CGER-1045-2001 (Out of stock)

NODA A., YUKIMOTO S., MAEDA S., UCHIYAMA T., SHIBATA K., YAMAKI S.: A New Meteorological
Research Institute Coupled GCM (MRI-CGCM?2) -Transient Response to Greenhouse Gas and Aerosol
Scenarios-

CGER-1055-2003 (Out of stock)

NozAWA T., EMORI S., NUMAGUTI A., TSUSHIMA Y., TAKEMURA T., NAKAJIMA T., ABE-OUCHI A.,
KiMOTO M.: Transient Climate Change Simulations in the 21st Century with the CCSR/NIES CGCM
under a New Set of IPCC Scenarios

CGER-1057-2004 (Out of stock)
MIYAZAKI T., FUJISHIMA S., YAMAMOTO M., WEI Q., HANAZAKI H.: Vortices, Waves and Turbulence in
a Rotating Stratified Fluid

CGER-1060-2005 (Out of stock)

HAYASHI S., MURAKAMI S., XU K., WATANABE M.: Modeling of Daily Runoff in the Changjiang
(Yangtze) River Basin and Its Application to Evaluating the Flood Control Effect of the Three Gorges
Project

CGER-1063-2006 (Out of stock)
NAKAYAMA T., WATANABE M.: Development of Process-based NICE Model and Simulation of
Ecosystem Dynamics in the Catchment of East Asia (Part I)

CGER-1073-2007 (Out of stock)

NoOzZAWA 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

CGER-1083-2008 (Out of stock)
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part II)

CGER-1092-2010 (Out of stock)

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 III)

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

CGER-1120-2015
SHIOGAMA H.: Influence of Anthropogenic Aerosol Emissions on Pattern Scaling Projections

CGER-1127-2016
SATOH M., ROH, W., HASHINO, T.: Evaluations of Clouds and Precipitations in NICAM Using the Joint
Simulator for Satellite Sensors

CGER-1132-2017
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-I138-2018
TAKEMURA T., AND SPRINTARS DEVELOPER TEAM : Development of a global aerosol 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)

CGER-1153-2021

ISHIWATARI M., NAKAJIMA K., TAKEHIRO, S., KAWAI Y., TAKAHASHI Y. O., HASHIMOTO G. L., SASAKI
Y., and HAYASHI Y.-Y.: Numerical studies on the variety of climates of exoplanets using idealistic
configurations

CGER-1158-2022
YOKOHATA T.: Development of an integrated land surface model with ecosystems, human water
management, crop growth, and land-use change: MIROC-INTEG-LAND

UAR— hDE 1T, HERBREEMIIE Y % — DU = 7% A k)5 PDF FER CHIE RIEE T,
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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