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RAEAIE « TERR
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FOR KRR KHEENTTERT PR
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FORLKRFAEPERARITZERT itk - A ELEPIES - BrH AT
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1. FFZEH

AWFFEARE CTlX, &UEET /Lthe Model for Interdiciplinary Research on Climate version 7 (MIROC7) D% % it
DD, THETOFRER ETHRIE SN TS/, K& - HHE - BT 0 ADOEEAMIROCTIZEA L, £ bHA
1Tl < BRZHREE LT MIROCTIZ L A5EEiMEREDm & B4, 7o, Mg ofEs&KEeT Mc L 5
R —1 T EATO, FRCEARRST DT A5l A= TR WA BT 5, WFFTR R,
EFREATRE CTHRET D LT, RISHD1Y HWIETREET 5, £72. MIROCTIZ L % KA S) THI
FBRT — Z 1L, 2029 ITHER I D KAEZ BN RE T 2 BUM ]/ SRV 8 TUGEEAT 8 5 F(Intergovernmental
Panel on Climate Change 7th Assessment Report, IPCC AR7)) CHFIHEN D FETH D,

F—U— R KURET VRS, KRBT, VA= 7 IPCC

2. RA——a V¥ a—FFHERE
1.12.1 EHEBER ] o234 81 H~20244E3 A 31 H)

CPU Ffff] v debug 343.4 [VE - hours]
v_normal : 800,351.0 [VE * hours]
 : 800,694.4 [VE * hours]

2.2 R FABE

ESLERBERETEAT & & T B ARDHFIE 7 L — 7 H3BA%E L TV D RUEE T /VMIROCT % VN C | BLE R
BUEBR L IR TR A T o 7o, BT /VICEIT 2 KK - E - BEEO T 22 ADOREL, ZO/RT A—H
EERTHBREERZITV., ZTROHE T 0 2AOKERBIMRESCRELT FRI~O BB LR -, X
V) R FE OO R AU E 7 L Nonhydrostatic Regioanl Climate Model (NHRCM) H 4 L. 1EBZLO 5
~OEBERRDLER BT, TETAERIZIIA—N—ar Ea—ZEH\\, AR MUWERE7a v
h=Y RY—RETITolz,

3. MR R



HER- NS AT LD T IOVEIFIC L 5 K AEL B

3.0 B

AW CTIX, KT T VMIROCTD B D 7=, HERDOMIROC6TIL, #ilxiX, ERBU A
TANDH Y, G AT DZARFT DX N — L RE AT AN EN =3 VX —2, £
ZINOWMRLE DA T AN - 7=, MIROCTTlX, ZE - BK - i 7t A7 2% - %45 2
EIZED, ZNDDONALT A% RIBIZUET D 2 LI L7z, MIROCTIZ X 51850405 O L5
EBRHLITV, 2NE TORBEERZHUNCRITE L Z L 2R L, 5%, BERROMER &%
fifik LT, IPCC AR7THIHT HMIROCTDORS A HICHED 5 FETH 5,

Fo, ETAVOKRK T B ANKRELEE TR G 2 2 EEEOFAE (Oguraetal. 2023)°, KUELE) 4 FE
it 2 72D DKL T > > 7V FEER(Shiogama et al. 2023), & 7 v A — LV EEBR BT, XU A
= )VEBR T, FRCAAHIOBEA~OEELOFELZ TEMIZHL NI L, ZOHBEHREDDY 5
R T by MTE EOTRIE LIZEREA2023),

32 HRLEW

IPCC AR7IF20294FIZHRIND TE THD, HATIE, 199000, B KT - [ENLERBEMF SR T - M
WFZE B H A A PO T . RERKUEE T VMIROCZ BRFE L, KA B T 325k 41T > TIPCCIZH kL T&7z
o IPCC AR6TIZMIROCO63FI IS A, BIfEIX, ARTIZIANT TMIROCTZBH¥E 1 T D,

MIROC6IZ, KURSCIEKZRE DARNE3A0 , FHi A #) | 4F 4 Z8) /28 OBUERFHLMEN m< RO ERE
DD ENFET T AR THIERED E\WE T L Th D (Fasullo 2020; Tatebe et al. 2019), LAL, %-2o03% 4
HI72 AT AB 5> TV, fil 2 1E . MIROC6D = F/LF — I[N KT IT R E 2 A T 2038 5 (Wild 2020), K&
BRI DR GG HIER ~D A =L — 23 BN L~ TIOW/mP R D © |, HIERDS DT ~D 7R
A D = 3L — S 10W/mP R /) T D, MIROCTDBHFE Tlk, =R/ F — LK DA T A% L
BTHIEEBL TS, ZHETOMERE T, #HO LI TET KA W R T e A0 B (L8 AL,
KT AOM BEOEE A I LT, BT VISR EE B ORBIEEZ A ESE5,

T2 T, 20234E FE I HRD AR ATZ BRFE R O MIROC7(MIROC 70 & ME.55) (2 & %18 25 75 B 32 BR (historical 2 5R)
IZBITS, BERBEORBIMEREL , o TV AR S IZ W THE T 5,

33 HEFE

ZALVETOMIROCTBAFE Tl MIROC6 5, JOREHZRE - [F KT B ADE A | FU A% — LD R HT, i
PEIRA R0 K O R E Dk B 21T TET=, 20234E 1%, MIROC7alZ L Dhistorical 325k 4 H fii L 7=,
BT — 22 S KBEDOAS, RRF OB ARE B HLOZT Y/ v DTIviar | +
RS2 E 2R RS L TH 2 BEDORBEEBZ FHEL T 2IRME1T0, TORREZBINT — 2L
5L T, BT NOB IR AR FRH T OMEREE TN 5, KEET L OBFIZE ST, historical 2R (235
WL B EORBEEEBZEUNIRKELTH281E, BT VICEDFEE TRIOGE#EMEICEDLZEE /R ETHD
(Hausfather et al. 2022), F\ /=817 — %1%, GPCP2D /K &, GISTEMP<°HadCRU D #1135 {ii.. CERES
DT X =LK ERA-InterimPIRASS BN T — 2728 CTH D,

34 R

BB EET L OREFEE KB EB 2T, BT —ZIZ/ZO5, 18504 H20144F £ TRIRD I
FLTOSEETH3, MIROC6EMIROC7aC B FHLEIL TV D, MIROCTald, MIROC6% HLik T H&, FilddD
TEAKEL RS TND, ZHUE, IRBBALDOHEIT I > TENE DD L TR (L E IR 28 F(E 7 +— RN
v 27) %3, MIROCTa CHRL 72> TN DINE Th D, ZOEDEFNIOZEIL, FFIZMIROCOIZ RO FEEDIH
INSAT ZAD ek EEBIRL TUD, MIROCTalE, MIROC6IZ L N TRIR A BB HE AR LY
BTV DHEE 2 HiDH(Hirota et al. 2022),
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T2 (anmly frm 1381-2000, Syr rmean)

— WSTEMP
——Hndmlg.lélﬂi-m:l?ﬂ'ﬂ]
i 1981 -2000=18.5%C

J 1981 - =18,
1— sm-m-:rﬁ

——MIROC Tuf 1981 =2000=1

sbcoebte-egese

1900 (520 1940 (960 (980 2000
M1 2= D4R o 2 KR ZE T (°C), 1980-20004E 1476 D 7447~ 3, GISTEMPLI(H 5247
HadCRUBHI(GEAGHR) . ERATFFAEHT (7 AU5R) JRASSTHAENT (R S8) . MIROC6(F ). MIROCTa(FRHR).

KIZ . MIROC6 & MIROC7a 0 1986-2014 4F- O 5 fig *V- 151 35 D FR BLE RE A& i ~ 5, 212, MIROC6 &
MIROC7aPhistorical EERIZF1T 5, K E, IR ANAT A B (LW SAT A, I (SW)HUH S
AT A%, MIROC6EMIROCT DR K534 DB E D /32— AHBIE, 32 410.91£0.88 Th 5, &k
AR D S IRFAZE(RMSE)IE, MIROC6732.54°CC, MIROC77%32.51°C TH D, W NDET /L, BLE
DRI ERIR A ZIEF LB TETWD, —F . KGO AR T 2SWHS =L —& | #igkH»
DI HSILOLWHS =L F—(F, MIROCO TRERNAT AN DD, /AT ADRERELEIL, SWELWD
WL 10W/m2LL ETHY, RMSEIZZ N 17.78W/m2E12.98W/m> CTh b, ZiuLit ook EET
DR THIEWRBMERECTHAH(WIld et al. 2020), L2>L, MIROCTaTlk, SWELWD /AT ZAD S EIL,
ZINZEI-1.76W/m2E2.89W/m> T, RMSEIZZNE18.73W/m?E6.36W/m> Téhs, MIROCTa Tk, MIROC6
D, TR = EOEHN KL ES N2 RN DDND,

TUATA LWHIH Tr 72, SWHA AP

MIROCSH

MIROC7a

~ [mmy/dy] [K]

[W/m?]

2 MIROC6EMIROCT7ahistorical FBRICI51T %, BEAKE, HIZRKUR ANAT A, B (LW AT A S
(SWYBUER AT A,

MIROC7alZIZFRES 5% > TUD, X312 K VE 11 i fid B (Atlantic Meridional Overturning Circulation;
AMOC)D AR B %% 7~ 3, MIROC6 Tl B KA AN20SVEEE DIRE 38573, MIROCTo Tl 10SVELFE Tdh
%, BLIEOAMOCDIRE[T20SvEL | THY |, MIROCTalZIZAMOCRFHN AT AN 5, £l2, KEHET-F
7111 £ (Pacific Meridional Overturning Circulation; PMOC) DRI %D k& &%, MIROC6 TIEL8SVIE 2D
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Dapth ()

»
<
A,

Dapll (WA

AMOC

¥E B NN N BN BN r&ﬁﬂ&ﬁu[gq]
X3 MIROC6EMIROCTa K PE L7 B (AMOC) DU AR BIE (S ).

R FE (K T2kmiAg 172 YD FEIRE T V&2 VT, BRI OB B2 ERIBIZ(LIZf£E - T & DRk
BACT D200 EHRE L, TOREIL, X7 by b ORI RE~KRLAIZEDOL I U A7 ICHE
LTV D DO ~2023"(ER5EE 20232 T, —RIZHIA < A L7z, BRI X DIRBL OB O
FHIE T A= UHFGE . XY MARIC K DT A MR L EFICHEF A2 D T D,

BEIER

Shiogama, H., Tatebe, H., Hayashi, M., Abe, M., Arai, M., Koyama, H., Imada, Y., and Kosaka, Y., Ogura, T.,
Watanabe, M. (2023). MIROC6 Large Ensemble (MIROC6-LE): Experimental design and initial analyses.
Earth System Dynamics Discussions, 2023, 1-28, https://doi.org/10.5194/esd-14-1107-2023.

Ogura, T., Webb, M. J., & Lock, A. P. (2023). Positive low cloud feedback primarily caused by increasing
longwave radiation from the sea surface in two versions of a climate model. Geophysical Research Letters,
50(20), https://doi.org/10.1029/2023GL104786.

Fasullo, J. T. (2020). Evaluating simulated climate patterns from the CMIP archives using satellite and reanalysis
datasets using the Climate Model Assessment Tool (CMATv1). Geoscientific Model Development, 13(8),
3627-3642, https://doi.org/10.5194/gmd-13-3627-2020.

Tatebe, H., Ogura, T., Nitta, T., Komuro, Y., Ogochi, K., Takemura, T., ... & Kimoto, M. (2019). Description and
basic evaluation of simulated mean state, internal variability, and climate sensitivity in MIROCS6.
Geoscientific Model Development, 12(7), 2727-2765, https://doi.org/10.5194/gmd-12-2727-2019.

Wild, M. (2020). The global energy balance as represented in CMIP6 climate models. Climate Dynamics, 55(3-
4), 553-577, https://doi.org/10.1007/s00382-020-05282-7.

Hausfather, Z., Marvel, K., Schmidt, G. A., Nielsen-Gammon, J. W., & Zelinka, M. (2022). Climate simulations:
Recognize the ‘hot model’problem. Nature, 605(7908), 26-29, https://doi.org/10.1038/d41586-022-01192-2.

Hirota, N., Michibata, T., Shiogama, H., Ogura, T., & Suzuki, K. (2022). Impacts of precipitation modeling on
cloud feedback in MIROC6. Geophysical Research Letters, 49(5), ¢2021GL096523,
https://doi.org/10.1029/2021GL096523.

4. & (B00TFLE)

WHAIPCC AR7IZ A1) CTMIROCT D RS b TN 5, 2023 FE 1%, B OMIROCToIZ X 5=
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LEREETNVERAVWE2KRK[ERAET 2WERR & [EREBICET 5058
FEf AL

Fn 5 4EfE

AUEREE - ENCERBEIERTHIER > X 7 AsE (L RIS
L[FEINFIEE - ENLERBEATFERTHIER o 2 7 AfEl B 9500
ENZEREEFIUATHIER o 2 7 M GElk o TE

1. EEB

KEIEERR Y DETT Y v 7B L OGWEES & OMBAEFA O E D 5 1-0, HBERFEERES Lz
MIROCS, X T MIROC6 (L FRUEE T /AZKiEkE ~ & £ CORKILER T D ATIISREIET V%
i« BT 5, ZOFTFMICEDEEY S 2 L— 3 VOFEEAVT, KRS LELET), B
FON RRERE D D R~k & REPER NS X DR OKEEZ A ST 5,

F—U—F:
{LZREET V. MIROC, EfEBEL. Y VE. RKMERY. REE. XiE

2. A——arta— R AEE
2.1 FHEEMERIFIRERT (2023424 A 1 H~2024 3 A 31 H)

CPU Fff#] v _debug 360.1 [VE -« hours]
v_normal : 1,446,484.9 [VE * hours]
F+ : 1,446,845,0 [VE - hours]

2.2 FIAME

ACPARFR I E T42 O MIROC3.2 {L55U5EE T /L, MIROCS /L% EE 7 /b, 38 LT MIROCG 1t
FREET N E A TBEERREEES LB RSS2 LOEREIT 12, BHEBEH Y 72
L i 5 ® MIROC b5 € 7 /L % iV 7= Chemistry Climate Mode Initiative (CCMI) -Phase2 Hf1E
T (A g & KE O E B E KO T II5EER) OfENT 217\, Jilak&E T1T > 72 MIROC
LR MEET LT TA2 DIEAHMEE &2 W T [AIREO EERFE R L ik U=, F7=, WiEL 771400
MIROC3.2 % FVNC, Bl & xHickE o [ o' Eils & KUEZE B ~DOEBEZ TR 572D DER Y
1To Tz, ARG IE D MIROC6 L5 MEE T MZ K D CCMI OHELTFEER 21T WMRB 12 K 53
WG R L7z,

3. WFFEHER
3.0 B

SR, MRS H Y 72 Ll o MIROC {b55f5EE7 /L% Hv /= Chemistry Climate Mode
Initiative (CCMI) -Phase2 #EXEFEER DFEHT 2170, RITFRE CTTT > 72 MIROC b F5UEE 7 /L C T42
DR E 2 T RO EERAE R & ik U7e, E72. WFEAS 7 74 D MIROC3.2 b5 fEE
FTNERNWT, K737 VER (1000 7% 70 2 U oR—3FE8R) 2170, BB & xtiiE
O OYE I & KIEEE~DOEBEOMRN 21T > 72, S 512, KPEAREE T42 0 MIROC6 {62
REET V% T8S IZEMRB (L L. CCMI HELESEER 24T WML 12 L 238 2 5Fl L 7=,

32 ERLEW
IERE - TP O KRB i, BB O ALIEER S T 5 Brewer—Dobson fEE: (BDC) .

-12-



CGER-1173-2024, CGER/NIES

SR N BN T D A4 o EYE PR E N R A %D KRGSy SHRE 26 D & g E T
DA B UBREIZ K D KREROMG, PEE~EE BT 5 K77 b oA X2 M2 X DNOXIEEH K
WD A R DRERC, i 8 ~ 20 £ TORE % 7RI A 7 — VDO RKREBN DR B AT %, BDC
LR 2> & il B BN AR TR & D KRR ENC L » THEE S D 728, KK E) 2 BEE -2 HiE - EEsy
FioxH B DR ER « JZESGORELZIT D, 2O X D ICEBERE ORI RE O LN Z B LB 2
DAVTE A, 1980 LARE, plfE 2 & 3t ~DF 5 bikim SALH L 912720 (B 2 1XHaynes et
al. 1991V) | ITAETITA Y VB O A LIz i it O 5582 « KAESCHREMRER ~ D% (Son
etal. 20082 ; Thompson etal. 2011%) . JRJEE /> & hift BB BVH 5k O )RR B ~D 822 (Noguchi et al.
2020Y) 7o EHIERICHER SN D L DIl TE e, 7o, BREEA Y 3t e S A il 2 i
WA L, P A Y v &ICEEE 525, 2O X510, WEMRER L XUEREZBRET 512X, 2RA
A FET DAL - B - W e e A OB R TR,

[ESZEREETZERT Cld. ZH E TCCSRNIES KA KTEER E 7 /L PMIROCE 7 /W KL i 4 A
LT RIEET V2T L, 4V VEOFRRTHIZATV, UNEP/WMOA Y & 7B A A 2 |k LaR— |
RERE 77 ¥ = 7 b Chemistry Climate Model Validation (CCMVal) 35 X U Ok Chemistry Climate
Model Initiative (CCMI) IZEHBRL T 7=, £/, LDOA—NR—a ¥ a—H% A7 AR HEIZB W
T, R OMAEAERZRAT 2720, WELZHE LIALFERIEET VOB EITo 12, 5%I%. WE
PEER & KU B OB OMRMEIZE T 5720, ik i a8z CRUBEICIRAT 24 Y U iEmE
KRR, BB RE D ORISR T D A4 O E kA D 7o O O E R, i HE~ZAE
BITOKREG 7w kAR NEIZ R D REERN S DA ATREZRE T VB A ED D, Tk,
KREPER TR EAEE), B O, &R & itk o B oW e & KEMERDIZ X D FEOKER
OISR R TR O ARHEFZEEZE ST 22BN E LTS,

33 HEFE
3.3.1 MIROCSLZERFEE T NV &2 - I-CCMI-2DHERER L7 T4 e F T4 Y)

AR FERE Tk, M Z RS A L7 KR4 FETA2 DMIROCK T 7 /L & # 4 « @ g b LT, S4EE
IXEAR T T4 VREE L TWAHATA2OMIROCSET L2 - T, CCMITHERE SN -A Y Vg &R
EDPFRTHIZESR (REF-D2, 1950~21004F) %1772, D=8, WEE A7 T4 VREE LizlH
FEDEBR BT o712, A U HEEWE OMZFEEEIL WMO02018> 7V 4 ThH 2 7=, RSB T AT,
SSP1-2.6, SSP2-4.5. SSP3-7.03 7 U A DO3FEIHD EBR A 1T - 7=,

3.3.2 FBE L xHRE oM oM EEE L JAEL BV~ DB DT

1) MR R O/ B E ) F 5~ DB A R D720, WEZ S LT 720 Y MIROC3.21k%
RAEET T3 LT, BEER TR & 72 2 i E 2298 7R (sudden stratospheric warming : SSW) 733§
AL T220024F, 20194EDSSTA -2 72 K7 %o 7V EBR (10007 > o 70 A U R—EBR) 21T -7
(1) ., E2002, E20193ZNEHOFEERT, HIRD 729121991 ~20204F D X5l 2 G- 2 T AR HEER (
CNTL) #AT-o7z, FoxtiilEl DR G55 % IRA-SSEBIENTIC T >~ ¥ 0 7 LT %8R (E2019Trop) $4T-
72o CNTLTIZ, IR=EZNR N APRE & A Y E 0O M F R A 200044 EIZ [ E L, SSTXSea ice
XA EHOISST v.2D 1991~ 2020 E % 5 2 7, FEBRIZI010EFIT UV, IAIDI0FEFIEAE S T v
TELTHRANL, RV 10008ES DT V0 7 & =,

#1. 10007 Vv TNVEBROEKE, EL ., EOFEDSST, Sea icer 52720 *HEDF
DT EAToTENE I E L KBflux, GHG, ODSOSMFEFET,

SST. Seaice |k y7v7 | Afx  |GHG. ODS

CNTL 1991-2000F %L Fi9ME 2000514
E2002 20024 #mL FifE 20005 514
E2019 20194 7L Fi5fE 20004 51
E2019Trop 20194 X7 Fi91E 20004 514
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2) KEE7m hoA Xy MIES SR X —hi DAL L D RGUNEZHRD -0, BIEE S
AL TWARWMIROC3I 2 LG ETE T IR LT, I859FEDER7 LT, ¥ U boA X2 MED
NOxZ# AN LT=EREIT/ 57,

3.3.3 KEEMEET42DMIROCHEERIETE T V% TSI E R EAL L 7= EER

AT Tl ACARARG E T42L34 DMIROCH LT 7 /L DK SN E MG A EIF | T85L81~E
B L LT, £OFETNVEHNT, CCMITHEIR SN A4 Vg & KEOITiEESEE (REF-D1, 1950
~20184F) ATV, 55 A AR O T42L34 TIT - 7= [FIRE D EBR S 5B & bl L7,

34 FER
3.4.1 MIROCSLHEZMEE TN % - 72CCMI- Phase2 DHEIRERR VEHEFT7SA L L F 054 )
EEA Y Vg & REDO TR T FEBRREF-D2 D5 R T, FROIREZN R A AR 4 SSP1-2.6, SSP2-
4.5, SSP3-7.00F U A D3FIAICHRE L= b D AR LT 5, HBILT/R L7ZTOMS/OMIDO S B Tl
. 1980~20004EEE DI/MET & . Z I LABRITAIZ 2> 5 [FIE 285 U A AN R b5, WHEF 7 T4
(RKETNVERG) A TA U TITo /R (REET V&R & HIT, 1980~20004H D)
EENTBAE & R —E LT\ 5D, REETATIE, Y U/ IME 200048 12 72 0 BLANE & —
BELTWDE T, fETTINTIE, BEEOL Y v ERER/MENHNIET D ON10FEIEEEL, 0
BOBEIEPENDEICH D, 2B, KKET /L - HBEET VL BIZ, BEHRET AREOHKIZIGE T
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N CELSBMAEFEL L7, NICAM-TMIZE B3Ny 7 75 7w RIREEZ W TSRO - B E (R
AL E L7 EER50kmBE ) 20 BHEH SNU7-COEE (COxtk) (ICRE L Tl te il 2 Hil
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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, 2020 — March 31, 2021)
CPU hours v _debug :0.0 [VE * hours]
v_normal :0.0 [VE * hours]
Total :0.0 [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 statics 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 studied global radar reflectivity and Doppler velocity distributions using the
Nonhydrostatic Icosahedral Atmospheric Model (NICAM) at resolutions GL11 (3.5 km) and GL13(870 m).
Our analysis showed significant radar reflectivity and higher cloud fractions in the tropics, with greater cloud
presence at the finer GL13 resolution. Antarctica exhibited lower radar reflectivity due to prevalent ice clouds
in winter. At higher altitudes, stronger radar reflectivity in the tropics was linked to graupel and hail presence
and reduced rainfall attenuation, while at 9 km, hydrometeors were primarily ice particles. Doppler velocity
provided insights into hydrometeor size and density, with graupel/hail detected at 6 km and less frequently
at 9 km, and supported riming processes in strong convection areas.

-50.-



CGER-1173-2024, CGER/NIES

3.2 Research background and purpose

The Earth Cloud Aerosol and Radiation Explorer (EarthCARE, Illingworth et al. 2015) satellite, a
collaborative mission between the European Space Agency (ESA) and the Japan Aerospace Exploration
Agency (JAXA), stands at the forefront of atmospheric science. Its mission is to unravel the complex
interplay among clouds, aerosols, and radiative processes that govern the Earth's atmosphere. This satellite
is pivotal in enhancing our understanding of atmospheric dynamics and improving the accuracy of climate
and meteorological predictions. EarthCARE's comprehensive multidimensional observations are designed to
shed light on the fundamental ways in which clouds and aerosols influence the planet's energy balance by
reflecting solar energy and absorbing infrared radiation from the Earth’s surface.

To fulfill its scientific objectives, EarthCARE hosts a sophisticated ensemble of instruments, including
a Cloud Profiling Radar (CPR), Atmospheric Lidar, Multi-Spectral Imager, and Broad-Band Radiometer.
Together, they gather extensive data on the spatial and compositional attributes of clouds and aerosols and
measure radiative fluxes. This rich dataset allows for an in-depth understanding of the forces shaping our
climate system.

Global circulation models (GCMs) have long leveraged satellite data to refine their representations of
clouds and precipitation. Recently, the advent of global storm-resolving models (GSRMs) has brought about
a paradigm shift. With their km-scale resolutions, these models depict mesoscale convective systems in
unprecedented detail, surpassing the granularity of traditional GCMs. GSRMs aim to diminish the
uncertainties associated with cumulus parameterization in GCMs by incorporating sophisticated cloud
microphysics schemes. These schemes consider the intricate microphysical behaviors of hydrometeors, such
as nucleation and coalescence, facilitating highly accurate simulations of cloud and precipitation processes.

The resolution of GSRMs aligns closely with the along-track sampling of active satellite sensors,
typically less than 5 km, enabling direct comparison between satellite observations and GSRM outputs
without the need for subgrid-scale assumptions. Pioneering studies have utilized satellite active sensor data
to assess and enhance the accuracy of microphysical representations within these models (e.g., Roh and Satoh
2014; Roh et al. 2017; Ikuta et al. 2021).

To bridge the gap before the satellite's deployment, satellite simulators like the Joint-Simulator for
Satellite Sensors (hereafter Joint Simulator, Hashino et al. 2013) have been employed to produce
EarthCARE-like signals from GSRMSs, creating what is known as EarthCARE synthetic data. This synthetic
data has been instrumental in the development and testing of EarthCARE's retrieval algorithms, leading to
significant advancements in our comprehension of atmospheric measurements (Hagihara et al., 2021; Wang
et al., 2022; Hagihara et al., 2023).

In the preceding fiscal year, we refined our evaluation techniques by introducing a joint histogram
analysis of Doppler velocity and altitude based on ground CPR data across two microphysical schemes. This
approach allowed us to assess the performance of the schemes within EarthCARE-like simulations and
contributed insights regarding the satellite's observational capabilities.

In this fiscal year, we introduced the global distributions of simulated radar reflectivity and Doppler
velocity using two different horizontal resolutions. We investigate how to use global storm-resolving
simulations to understand the observed convection from the EarthCARE CPR after the launch.

3.3 Data and methodology

Our numerical experiments encompassed simulations at two distinct resolutions using the
Nonhydrostatic Icosahedral Atmospheric Model (NICAM): GLevel 11 (GL11) with a 3.5 km horizontal
resolution and GLevel 13 (GL13) with a finer 870 m horizontal resolution. The JAXA EarthCARE CPR
dataset was generated from the NICAM 3.5 km simulation data. The actual CPR data consists of orbit data
with 800 footprints, but in this study, we simulated the global distribution of radar reflectivity and Doppler
velocity using the native grid in NICAM. The GL11 simulation was initialized at 00 UTC on August 1, 2016,
while the higher-resolution GL13 simulation commenced at 00 UTC on August 4, 2016, leveraging the GL11
simulation data as initial conditions. Our analysis focused on the data snapshot from 08 UTC on August 5,
2016.

For these simulations, we utilized the NICAM single-moment water 6 categories (NSW6) cloud scheme
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as delineated by Tomita (2008b) and subsequently modified by Roh and Satoh (2014). In addition, we
implemented the Mellor-Yamada Level 2 (MYNN2) turbulence scheme, originally described by Nakanishi
& Nino (2004).

To evaluate the simulation data against real-world observations, we employed the EarthCARE Active
Sensor Simulator (EASE), developed by Okamoto et al. (2007, 2008) and Nishizawa et al. (2008). We used
the EASE simulator to evaluate NICAM using the National Institute of Information and Communications
Technology (NICT) 94 GHz Cloud Profiling Radar (CPR) simulations in the previous fiscal year. We
maintained consistency in our assumptions regarding the size distributions of hydrometeors for both the
NICAM simulation and the Joint Simulator processing. While the NSW6 cloud ice and cloud water categories
do not explicitly define size distributions within NICAM, we adopted monodisperse size distributions in the
Joint Simulator, utilizing an effective radius of 40 pm for cloud ice and 8 um for cloud water.

3.4 Results

Figure 3.1 shows the global distributions of radar reflectivity between GL11 and GL13 at 3 km. The
simulations indicate a high cloud fraction and relatively large radar reflectivity near the tropics. Radar
reflectivity is low in Antarctica, likely due to the presence of ice clouds in winter. Comparing the two
horizontal resolution experiments, the cloud fraction appears to increase for the higher-resolution experiment.

Figure 3.2 and 3.3 compare radar reflectivity at 6 km and 9 km heights. The global radar reflectivity at
6 km shows stronger signals in the tropics compared to the 3 km height (Figure 3.2). This suggests that signal
attenuation by rain is less at 6 km. At this height in the tropics, graupel and hail can be present, which would
presumably increase radar reflectivity. At 9 km height, it is assumed that all hydrometeors are ice particles,
resulting in smaller radar reflectivity compared to 6 km. Comparing GL11 and GL13, the overall distribution
of clouds is similar, but GL13 has a higher cloud fraction (Figure 3.1).

Figure 3.4 shows the global distributions of radar reflectivity and Doppler velocity between GL11 and
GL13 at 3 km. The advantage of Doppler velocity is that it is free of attenuation. Doppler velocity is the
product of the vertical air velocity and the terminal velocity of the hydrometeors. Assuming the vertical air
velocity is small, Doppler velocity can be used to estimate hydrometeor size and density. For Doppler
velocity, there is an increase around 30 degrees south latitude due to the conversion of hydrometeors from
rain to ice particles, which decreases the terminal velocity. However, clouds around 30 degrees south latitude
and 120 degrees west longitude show dark blue, indicating small Doppler velocity because it is rain, not ice
particles, and the terminal velocity is different. From Figure 3.1, the thermodynamic phase cannot be
determined from radar reflectivity alone, but Doppler velocity can provide this information.

Figures 3.5 and 3.6 compare Doppler velocity at 6 km and 9 km heights to radar reflectivity. Doppler
velocities of 2 m/s and 5 km above the ground were categorized as graupel/hail according to Roh et al. (2024).
We applied this criterion to the 6 km height, but the fraction was very small, making it difficult to visualize
in the figure. Therefore, blue circles were added to indicate the approximate location and fraction of
graupel/hail, which is roughly less than 1%. Graupel/hail is concentrated in the tropics and distributed up to
45 degrees north latitude, but it is less common in the southern hemisphere due to seasonal reasons, as it is
winter there and convection is weaker. The GL13 experiments show a higher distribution of graupel/hail
compared to GL11. Graupel is also present at 9 km height, but the frequency is lower than at 6 km (Figure
3.6).

To confirm the presence of direct convection, we replaced the blue circles with red circles where the
positive Doppler velocity was greater than 1 m/s (Figures 3.7 and 3.8). The fraction of red circles is roughly
less than 0.1%. If the simulation results are valid, it indicates that upward Doppler velocities above 1 m/s are
not easy to observe. The global distribution of these velocities is similar to the graupel/hail distribution,
consistent with previous studies showing active riming where convection is strong.

Comparing the frequency of upward motion between GL11 and GL13, GL13 shows a higher frequency,
likely due to its more detailed representation of convection. The 9 km height case has a smaller fraction than
the 6 km height distribution, similar to the graupel/hail results. We will further study how to infer signals of
low-frequency upward motion in real observations with random errors.

Finally, we compared the Global Contoured Frequency by Temperature Diagram (CFED) and Global
Contoured Frequency by Altitude Diagram (CFAD) of GL11 and GL13. CFED provides a better
understanding of microphysical processes as a function of temperature, clearly showing thermodynamic
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phases using Doppler velocity differences at 0 degrees. GL11 and GL13 results are almost identical, with a
more common frequency of graupel/hail velocities smaller than -2 m/s at -10 degrees, relevant for riming, in
GL13. For CFADs, comparison by height rather than temperature is more dynamically informative. Two
discrete frequencies at heights of 10 to 15 km likely result from aggregating frequencies from different
regions. GL13 shows more frequencies for variances of Doppler velocities at 20 km height compared to
GL11.

Global @atrkaution of radar rellecbrity ot Jom hewght in GLTE
2w W L4 R et

Fig. 3.1 The horizontal distributions of the radar reflectivity at 3 km in GL11 (a) and GL13 (b). Contour
unit: dBZ.
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Fig. 3.2 The horizontal distributions of the radar reflectivity at 6 km in GL11 (a) and GL13 (b). Contour
unit: dBZ.

Fig. 3.3 The horizontal distributions of the radar reflectivity at 9 km in GL11 (a) and GL13 (b). Contour
unit: dBZ.
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Fig. 3.4 Horizontal distributions of Doppler velocity at 3 km in GL11 (a) and GL13 (b). Contour unit: m/s.
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Fig. 3.5 Horizontal distributions of Doppler velocity at 6 km in GL11 (a) and GL13 (b). Contour unit: m/s.
Deep blue circles indicate velocities less than -2 m/s (fraction <1%).
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Fig. 3.6 Horizontal distributions of Doppler velocity at 9 km in GL11 (a) and GL13 (b). Contour unit: m/s.
Deep blue circles indicate velocities less than -2 m/s (fraction <1%).
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Fig. 3.7 Horizontal distributions of Doppler velocity at 6 km in GL11 (a) and GL13 (b). Contour unit: m/s.
Deep red circles indicate upward motion with velocities greater than 2 m/s (fraction <0.1%).
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Fig. 3.8 Horizontal distributions of Doppler velocity at 9 km in GL11 (a) and GL13 (b). Contour unit: m/s.
Deep red circles indicate upward motion with velocities greater than 2 m/s (fraction <0.1%).
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Fig. 3.9 The Global Contoured Frequency by tEmperature Diagram (CFED, upper) and the Global

Contoured Frequency by Altitude Diagram (CFAD, bottom) between GL11 (left) and GL13 (right).

3.5 Discussion

Before the launch of the EarthCARE satellite, we investigated the global distributions of radar
reflectivity and Doppler velocity. Our study utilized two distinct resolutions of the Nonhydrostatic
Icosahedral Atmospheric Model (NICAM) to generate comparative datasets. GL11, with a 3.5 km resolution,
and GL13, with a finer 870 m resolution, provided snapshots of atmospheric conditions that we analyzed to
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understand cloud distribution and radar reflectivity dynamics.

Our results reveal significant radar reflectivity and a higher cloud fraction in the tropics, with a marked
increase in cloud presence at the higher GL13 resolution. Conversely, Antarctica exhibited lower radar
reflectivity, associated with the prevalence of ice clouds in winter. At higher altitudes, radar reflectivity was
stronger in the tropics, potentially due to the presence of graupel and hail, and less attenuation from rainfall
compared to lower altitudes. It was inferred that at 9 km, hydrometeors were primarily ice particles, as
evidenced by the smaller radar reflectivity.

A notable finding was that Doppler velocity, unimpeded by attenuation, provided insights into
hydrometeor size and density. At 6 km and 9 km altitudes, we identified Doppler velocities indicative of
graupel/hail, though less frequently at 9 km. Direct convection signals were less common, but when present,
they corroborated the riming processes active in strong convection areas.

Finally, a comparison of the Global Contoured Frequency by Temperature Diagram (CFED) and Global
Contoured Frequency by Altitude Diagram (CFAD) between GL11 and GL13 suggested that the resolution
dependency is not significant statistically, but GL13 reproduced more diverged Doppler velocities at 20 km
height.

We acknowledge that actual Doppler velocity data may contain many random errors. Further research
is needed to analyze these results to improve the accuracy of convection observations.
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4. Summary

In this report, we conducted a study to investigate the global distributions of radar reflectivity and
Doppler velocity using the Nonhydrostatic Icosahedral Atmospheric Model (NICAM) at two distinct
resolutions: GL11 (3.5 km) and GL13 (870 m) before the launch of the EarthCARE satellite. Our analysis
revealed significant radar reflectivity and higher cloud fractions in the tropics, with an increased cloud
presence at the finer GL13 resolution. In contrast, Antarctica showed lower radar reflectivity, likely due to
ice clouds prevalent in winter. At higher altitudes, radar reflectivity was stronger in the tropics, attributed to
graupel and hail presence and reduced rainfall attenuation, while at 9 km, hydrometeors were primarily ice
particles, as indicated by lower radar reflectivity.

A key finding was that Doppler velocity, unaffected by attenuation, provided valuable insights into
hydrometeor size and density. At 6 km and 9 km altitudes, Doppler velocities indicative of graupel/hail were
identified, though less frequently at 9 km. Direct convection signals were less common but supported the
active riming processes in strong convection areas. Comparing the Global Contoured Frequency by
Temperature Diagram (CFED) and Global Contoured Frequency by Altitude Diagram (CFAD) between
GL11 and GL13, we found that GL13 captured more instances of smaller Doppler velocities at higher
altitudes, suggesting more detailed microphysical processes. Further research is needed to address the
potential random errors in actual Doppler velocity data and to enhance the accuracy of convection
observations.

5. Future perspective

The EarthCARE satellite was launched in May 2024. The data will be available in the end of 2024.This
study is helpful to evaluate our global distribution of radar reflectivity and Doppler velocity in NICAM using
the EarthCARE data. And we will consider how to interpret the vertical upward motion from Doppler velocity
of the EarthCARE by Joint simulator and NICAM.
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Vol. 1

Vol. 2

Vol. 3

Vol. 4

CGER’S SUPERCOMPUTER ACTIVITY REPORT
(Out of stock)

Vol. 1-1992 (CGER-1010-1994)
Vol. 2-1993 (CGER-1016-1994)
Vol. 3-1994 (CGER-1020-1995)
Vol. 4-1995 (CGER-1024-1996)
Vol. 5-1996 (CGER-1030-1997)
Vol. 6-1997 (CGER-1034-1999)
Vol. 7-1998 (CGER-1039-2000)

Vol. 8-1999 (CGER-1043-2000)
Vol. 9-2000 (CGER-1050-2002)
Vol.10-2001 (CGER-1054-2002)
Vol.11-2002 (CGER-1058-2004)
Vol.12-2003 (CGER-1061-2005)
Vol.13-2004 (CGER-1064-2006)
Vol.14-2005 (CGER-1070-2007)

E SBREEAFFERT R — /83— 3 B = — Z R BT SRR
NIES Supercomputer Annual Report

AL 18 4 2006 (CGER-1078-2008) Out of stock
SRR 19 45 2007 (CGER-1086-2008) Out of stock
SRR 20 45 £ 2008 (CGER-1090-2009) Out of stock
FRK 21 A5 2009 (CGER-1095-2010) Out of stock
Rk 22 45 2010 (CGER-1099-2011) Out of stock
ik 23 4EFE 2011 (CGER-1106-2012) Out of stock
% 24 55 2012 (CGER-1113-2013) Out of stock
% 25 A5 2013 (CGER-1119-2014) Out of stock
Rk 26 4 2014 (CGER-1125-2015) Out of stock
gk 27 A 2015 (CGER-1130-2016)

gk 28 AR 2016 (CGER-1136-2017)

Rk 29 4 2017 (CGER-1141-2018)

Rk 30 45 2018 (CGER-1146-2019)

A FIICHERE 2019 (CGER-1151-2020)

4N 2 FFE 2020 (CGER-1156-2021)

503 4FJE 2021 (CGER-1161-2022)

AF0 4 AJE 2022 (CGER-1168-2024)

AF0 5 AEJE 2023 (CGER-1173-2024)

CGER’S SUPERCOMPUTER MONOGRAPH REPORT

CGER-1021-"96 (Out of stock)
KOMORI S.: Turbulence Structure and CO, Transfer at the Air-Sea Interface and Turbulent Diffusion in
Thermally-Stratified Flows

CGER-1022-"96 (Out of stock)
TOKIOKA T., NODA A., KITOH A., NIKAIDOU Y., NAKAGAWA S., MOTOI T., YUKIMOTO S., TAKATA K.:
A Transient CO, Experiment with the MRI CGCM -Annual Mean Response-

CGER-1025-"97 (Out of stock)
NUMAGUTI A., SUGATA S., TAKAHASHI M., NAKAJIMA T., SUMI A.: Study on the Climate System and
Mass Transport by a Climate Model

CGER-1028-"97 (Out of stock)
AKIYOSHI H.: Development of a Global 1-D Chemically Radiatively Coupled Model and an
Introduction to the Development of a Chemically Coupled General Circulation Model
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Vol.
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10

11

12

13

14

15

16

17

18

19

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-CGCM2) -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)

NOzZAWA 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

- 80 -



Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

20

21

22

23

24

25

26

27

28

29
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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 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-1138-2018
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

CGER-1167-2023
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem
Dynamics in the Catchment of East Asia (Part VI)

CGER-1169-2024
NAKAYAMA T.: Development of a process-based NICE model and simulation of ecosystem dynamics
in the catchment of East Asia (Part VII)

LAR— b D% E, MIERBREEFEE o ¥ —D 7 =794 F)v6 PDF BATHEARE 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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