- Earth Simulator JAMSTEC Proposed Project

EERIEFNFT TV & VS @GR RIS L DR GHEILOFEAE - FEiE
A=K &2 DT R AIRENEIZ BT D AT

RRRA AT

BRZEEF BUL WEERRZCRR SRS MIEKERETIOFY  BREEA®) TR 4 —
ML EYTY, U PRV B BT, P OWEESY. R R, A
NP - QI s S . S N I O A1= T L N 1:
T RES A0, I AN Roh Woosub™, MEA SEEET. R BT AMR
JIl BBESTY Ying-Wen Chen™, X 17, #iF a7, (Wil WY, R Brz™,

e B LK BUTTE g —fET IR e

EPERFIE IR S HOBRIB ST SESEE B TIBRSE L v 4 —, “BEORSPRTE R HOBROREEIT KSR A
(ERIRRGE S 1 7 5 o, 5 WEPERRAIITENEHE HUBRBRBEI VR BHRT St > & —, “iURUF RRIBERTIERT,

HEORY RFBEEFRIIGER, M T3S s Ere, E BB ERBEINI G o & —, 8
EVELEA, SEUCFRRET ARSI s —, R ERBER AR v ¥ —, A ERAY TR
BEWFSERT, RIS KOFRREL T, EBATEIERE Y v 5 —, UK TSRS

AFREO B HIL, JAMSTEC IR 24 T8I %2 E7extge & LT, 2ERIEFH 12T T /L NICAM % F\ - i@ fRig ek
EERBRZITH>ZLICEY, TOTHICREEZ LLOLTHANSFTHREOKSEIL (BE, B, ZEHMNiE
vy Ty DoV TUER, T RA—0 2 E) OAD=ALRHERBRER LT L, TRIKE~OIEH 515
HZETHD, 2019 FEIL, FEHINIREIO THIEE L iEREREL (> Ko7 JEE) (3B U, S8 YyMe-
Sumatra 2017 #AM 2% 5 & T2 2K 7 km & THIFHE T — % & W= 21T - 7=, RERE T /L OF| S om i
EALDOMLENMEZ BT 5720, BEKSEROERETT VL 5 FREET —4% L b ik Uz, ok, 2%x
TV TIEZEEINETNC R 5 KIFHL 2 RHRIE DRI KPR COIEH - RIERMOBFHREICH AR SV, SfEs
FERERET L (4.4 km A& T) Tid, RO ETORBKB RO EQBHI L IZE—S+ 52 &, Rk
IchE E (MEE) TR GED) LR HD LR oTn, BEFIE. BEOMEL LEENTHD, 2
SOTFREFEREROENMIT, WIHBEROET Y v VROMIEOFRBOE NS BLET 5, NICAM IZHW\ CEMYFILE

FEROHNE DFRIGIE & 28 2 T2 REE FEBR ATV MR OB ko B JEIIZS) S, EMMPLEE O E IR E 2

bOZ L EMRR LT,

F—U—F: REIERIFAET L, WERBENITERIEF (YMC) |

L IC®IC

ARETIE, TOTBICKEE LT 5T N G
FRE ORSEEL - BRI HOWT, REGES I RETE
5 )L Nonhydrostatic Icosahedral Atmospheric Model
(NICAM; Satoh et al. 2014[1]; JAMSTEC i3 J ONHLEERF
BB BV CHEFBRSE) A AW EEHE AT 2 &
IR0 B FEED A = X LB L OB o BB
ERGMNCTHZ EEEME T 5, NICAM OFRrfald, 2 -
BEAICBET 2B v AR MICEE T 28 TH D,
NICAM &, HIBRS X = L— 2 F DSR2 AR Z I T
EAH S, SEBUROE - BEKIZBIT 52 < ORIz W
5N TW5 (Satoh et al. 2014[1]ZM),

ABED S 9 1 SOFFEIE, JAMSTEC 233859 558l
TN A U 7o B OELE OB S0 4 7t g &+
DR THD, 2019 FEIZIE, EEETmY =2 b Rk
Wrsess{bA4:] (Years of the Maritime Continent, YMC,
http://www. jamstec. go. jp/ymc; Yoneyama and Zhang
2020[2]) D—BE L LC JAMSTEC 2333 U 7= 4 48l YMC-
Sumatra2017 (ZFEEI L TITo 7= PHIEIE T —# (Nasuno

FHINRE, FEMLR), €7 L

et al. 2018[3]) ZMW=EKREEE (f v KR T A
W) xR L T AT EIT T,

WERREE Tl BEME AR A o2 7 T R KT 9
% RT3 A T = XL ek L, ZAUS K D 5HiESh o
HEMIESHNBEZFIZASND (Mori et al. 2004[4];
Yokoi et al. 2019[5]), izl EOTEIEAiEEh S,
ZEHINIEBIOMRIEE LET D Z LB 0hoTRY . ZEHi
WIREND TN T, T O EBMREZFE LIEL
SHBTHZLNEETH D,

2T, FHINIRE) & MEREER T OSSO H JE
EENZOWT, TRIFHEICRT 5 M2 5H~7=, NICAM
DFHETH 2D, JRFTHI7REE - Bokife & KEWSLR 50 A
VER Z#E—HCH > RERET VORISR, Bfe s
BB SN H72 8, EEKEROMHEEET )V
(U2 LD TRFERT —% &L D bITo 72,

2. EBRRE -T—X
HE ORI HIMIZ, YMC-Sumatra 2017 OFEM X7~
20174E 11 H 15 A - 2018 4E 1 A 15 A T %, NICAM DFf

-7-1



Annual Report of the Earth Simulator April 2019 - March 2020

BTk, 2ERT T km A, GIHHEIL NCEP final
analysis 22OPNEL, 1 A 1[EO 14 S #{To7- (3
BRERTE DEEANIT Nasuno 2019[6]&18) , UM OFHE i, 1F
KREERELE (91-153E, 17S-29N) 128\ T 4. 4 km 4§ T-%
O, PIHHE - SESYE 2 S E KRR O BZERATE - T
(10 km#1) 2HWNELTEH-%x., 5 HOBES Z21T-7-
(FBR% 71T Short and Petch 2018[7] & IFEFRE), 2
DOET TP AR Z I L TR 59, FHTE - Bk
HWFRIZDUNTIE, NICAM Tl F— 2% VTS
IR L, BT AZ YV P— gy TR —AUUTF
DORFEONFAEFTBL) & AN, M TIHERNWED R
FAR Y=g LTS, £72. NICAM OF5
TIE, FENIEEO FRICE L= EZ ST T L ORE
(Miyamkawa et al. 2014[8], Miura et al. 2015[9] &
[RIkE) & FWZA3, KAEFFICE Ui DR E (Kodama
et al. 2020[10]) ZAV-EEEBR G EL7-, T/
\ZBIT 2 FHANA T — LV OEBOFEMEEZTR D70, 7
(65) HEETOTF =z, GHEUHIE DR D)
[Fl—TF IR O % AR L CRERIIT — % ZERL L T2
(Nasuno et al. 2017[11]), BEKOFHRMFHEOSMT
— XL LT, FmEICLDEABH T2 X2  (Global
Satellite Mapping of Precipitation, GSMaP) %\ 7=,

3. RLER

KB RIROIREIR O THRIGENC DUV T, B ORE
JE — W A (X 1IR3, REIPNIREN S R34
KIFFEZ 2RI DA > REE (8O f-13T) 7> 5 PEASELE~D
HOE 11 AL 1 A RRICAGLS (K 1a), NICAM @
FE TR, FERRO KB A B MR s ND (K 1b),
D8 & %RER L 55 M OFFFE T, ElisE W
A=V OEENI IS FHINTWD 00, ZFEiINERE
BYDIESE « NERBIOZERDSRHYE T, FrE o (Flx
I% 105-120E, 145-155E) “CREAKAA BRI R DM
DRSNS (X le), 2D EnD, FAEF LTI K
RSSO ZAMBER NS 52 THTH, NEROSHT
DEFYA G — /L ISERFEOFFIZHF B HTH D
ZEWGND,

11 ABLOZEPIREIEE IS 2 HIM O, HERRE
BT ARSI RIK 2 1R, EHNIRENCE S %
KOTEZEAAS 120E LLPE, $Rc A~ T Bifoy ¥ U BJE
ER I A HND (¥ 2a), NICAM OFFE TIE, 2
HNEENCFE S Bk FPEa > b T A MR L B
TWn (X 2b), —hHT, Bel (Bi) oRKICEIMER
DD, WIZ M OFFE T, FHRABEROSEFAHTIZER
MK DR S D130, B Lo KIERIEm 2 H Y . =
NHIZ X FBHINRENC ST 2P 2> b7 2 B ANE
LT3 (K2c),

Mk HEMZEBI O L LT, Bk HEEE HN
B — 2 BT R L7z (1% 3),, NICAM DR T,
kR ECHNEBIORES /NS < B2 BEZIDERI
FoBMERN RGNS (K 3b), UM OFFE T, 2k
G E) OO BNEBNGEE GBD) EHRRHY | B

KE—7 REZNTEH & L <—83 D (K 3c), ZnHDZ
LD, BE RO (NICAM IR Dl EE <0
WM (28T D) 1%, HEEBIORBUGE b
b0 LR END,

MR ORKO HEEENZOWT, ZhET£<
DIFFEZ LV | BT IVOFMEECHITE OFEREE | b
(ZE - Bokilfe, FEmiifs, SLnErs) 2Mb)caET
5T EDEBEMENER I LTV A (Argiieso et al.
2020[12]), HMRAIRD D AT v 7 & LT, NICAM DOFHE
IZBWTC, EMYELRROBREEEE Lt T
(XK 2d), KFEAIEAOBREE AW TIE, FEINIE
BT O E Z AV GE I, FE BRI L
XD EEBIT, WO T A MHRORFTF DN
BROEND, BIZ, MEOMERE % FF - BEER BT
(X 1e) , EMHERRRRIZ L DA %7 FRXL Y REVWT
EEfER LT,

4, FLHLE5%BOBE

FEEAPNIREN O T ANEE LU e R L, 8
H YMC-Sumatra 2017 & *tR LT HLEKT km 57T
WHBET — 2 & AW 21T o 7o, RERET VOFIR
RFEFHGEA O VBN A BRET 5720, REKEGROHE
WET ML D TRERT —Z L b Lz, £REeT
IV TIIZFINIREN A © BB O SR DR FE-OMER
Rk COIETE « NERO TR SR H 0 | SR
FHIET L (4.4 kmA&T) TiE, HERFEEOME TRk
K AR OAFE 722 EXMEI EFIE 8035 2 &, RIS
M b (G E) CRAGRZ GHD) LA EmRH 5 L
o T, AT BEOWHIE L HLEEENITH D (Arglieso
et al. 2020[12]),

2 OOTFHFEEROE L, WEEEREOET ) 7
M ORBLOEN G BERT 5, WRESROREAKD HE
HZSEoZ OEFHINIRE) & OBMRAFRME L, IELL Pl
T BB, BhET A%< OYFLEROA T b
TEICHN, 121285 L T MEERH D, FFRINIC
X, BT VECOYERRRET LV OZBELEHATHA
9o T 2T, F9NICAM IR\ CEMPELRAR-CHIFE O
TGS IS 2 T2 EREAT > TA L3 PR~ HERkE
WOk EREKO HEMIZENIS, EMWELER O E I
EAEH O LEMER LT, S OIT, EMWELEREORE D
HEWRED LD RGO LA LT ERKOE
EHI2DH LIeOh, REEME L T\ D, 5H%OET LV
EoFmMEE LT, FEHNBREOTHFE L, KEHE
EAFERr—N) OWIFIZET 5 ERKELO SN
DI E&BER LT BERHDHTES S,

HieE

AL, HIERS I 2 L—Z TN & LRI E AL,
HIERS R = b— 2 2 W T Ei Sz, UM OFHRAE R,
Christopher Short Bk (UK Met Office) 7>DHHEHEIEV =,
GSMaP (X FHIMIZERZE B (JAXA) 2 DIk & T,

-7-2



- Earth Simulator JAMSTEC Proposed Project

(@) @smaP (b) NICAM © UM
T GshoP PROA( [50-120F,125-8N 2017 NiCAM PRCP(125~BN) contour:7-day runave [mm hr] [30-120F, 125841
16KOV 2 . [{ 16NOV ;
21OV — 21NV e
26K0Y - 26NV
1CEC 10EC
GLEC ADEC
T1CEC 1DEC

<>
160EC] = 180EC
210EC - ) 210EC]

<
26LEC 260EC ~
TN = TUAN \
GJAN BJAN

o
110N 1IN
e = o L A
9E 1 1506 180 101520 91215
T I i~ e
G305 1 2 & B 8 [mmbe) [mm car’] G305 1 2 4 & Bl [wm &y ‘md

X1 FEkORE—RREIMIEE (128-8N ) (a) GSMaP (b) NICAM (c) UM,
FHEMIX 2, JREMMIX 3 OREEEFH, JREKEMIEZREIPNIERNILE S Bk E R,
K1 (a) (b) % Nasuno (2019, SOLA) Fig. 1 (b) (d) Z5IH (LREraing),

GSMaP

(b)  piww  NICAMCTL BHEFE (€] 1y st 1smmntoir-rancaons UM
7 3 P s : e ; =, »

GRBEEEESEE

= San " 45 s & g S
OE 115€ 120€ 125€ 130€ 135€ 140E 145€ 150E 155 8OF O5E 100C 1G5C 110F 115 120€ 125E 130 135E 140F 145€ 150F 155C

03 0.4 0S5 0.6 0.7 0.8 1 [mme] 0.3 0.4 0.5 0.6 07 08 1 (o) 0.3 04 05 a8 0.7 0.8 1 [mmf]

2 MRMEROMAIAT (20174 o)t s NICAMMOD, B2
11 A 15—12 A 7 H¥H) (a)
GSMaP (b) NICAM (HE#EZEER) (c)
UM (d) NICAM JdE58r CEmMY
BLERROREELEH) (e) NICAM
PESER (EMHELEE DR EEEH,
ety 2y ALY N AL )N

—

27 f\, 3
90E 95 100E 105€ 110E 115€ 120€ 125E 130E 135E 140E 145E 150E 155€

TT783 o0+ 05 o8 o7 o8 1 Do

(a) GSMaP (b) NICAM

prep diurnal amplitude nicam 15n0v2017-15jan2018

prep diurnol amplitude gsmap 15n0v2017-15j0n2018
. g

45E 150E 155E
83 05 07 08 12 15 2 [(uwh] 703 05 07 08 12 15 2 [ o3 08 o7 08 2 182
prep diurnal peak UTC 4p4 15nov2017-15jon2018

S0E 95E 100E 105E 110E 115E 120E 125€ 130E 135E 140E 145E 150E 155E E 95E 100E 105E 110E 115€ 120E 125€ 130E 135E 140E 145E 150€ 155€

90E 95E 10CE 105E 110E 115E 120E 125€ 130E 135E 140E 1

prep diurnal peak UTC gsmap 15nov2017-15j0n2018
o A P

prep diurnol peak UTC nicom 15n0v2017-15j0n2018

5

SOE 95E 100F 10E 110E 115€ 1205 125E 130E 135€ 140E 145€ 150E 1558
el | e ——
2 4 6 8 10 12 14 16 18 20 22 [wie]

g B3 s

s Z I Y £ i 4
90E 9SE 100E 105E 110E 115E 120E 125€ 130E 135E 140 145E 150€ 155 80E 95E 100E 105E 110E 115E 120 125E 130E 135E 140E 145E 150E 155E

2 4 6 8 10 12 14 16 18 20 22 [W] 2 4 6 8 10 12 14 16 18 20 22 [u]

3 EXKESRORBKO BEMES (1) BkBRZE (F) BAKe—27REZ (2017 4 11 H 15 H—
201841 H 15 H) (a) GSMaP (b) NICAM (c) UM,



Annual Report of the Earth Simulator April 2019 - March 2020

STHER

[1] Satoh, M., Tomita, H., Yashiro, H., Miura, H.,
Kodama, C., Seiki, T., Noda, A. T., Yamada, Y., Goto,
D., Sawada, M., Miyoshi, T., Niwa, Y., Hara, M.,
Ohno, Y., Iga, S., Arakawa, T., and T.,
Kubokawa, H., “The Non-hydrostatic Icosahedral
Atmospheric Model: Description and Development” ,
1, 18.

Inoue,

Progress in Earth and Planetary Science,
doi:10. 1186/s40645-014-0018-1, (2014).

and C. Zhang, “Years of the
Maritime Continent” , Lett., 47,
€20206L087182, (2020).

[3] Nasuno, T., M. Satoh, H. Tomita, A. T. Noda, S.
Iga, H. Miura,

[2] Yoneyama, K.,
Geophys. Res.

H. Taniguchi, Y. Yamada, W. Yanase,

C. Kodama, M. Hara, K. VYasunaga, T. Seiki, M
Yoshizaki, M. Nakano, T. Miyakawa, H. Yashiro, T.
Yamaura, H. Kubokawa, M. Sawada, M. Ikeda, Y.-W.

Chen, R. Woosub, Y. Fukutomi, M. Fujita and T. Ohno,
R. Zhang, K. Kikuchi, and R. Shibuya, “Study of
Cloud and Precipitation Processes Using a Global
Cloud Resolving Model” , Annual Report of the Earth
Simulator, April 2017-March 2018, 229-236, (2018).
[4] Mori, S., J.-I. Hamada, Y. I. Tauhid, and M. D.
Yamanaka, “Diurnal land-sea rainfall peak mi-
gration over Sumatera Island, Indonesian Maritime
Continent observed by TRMM satellite and intensive
rawinsonde soundings” , Mon. Wea. Rev., 132, 2021-
2039, (2004).

[5] Yokoi, S., S. Mori, M. Katsumata, B. Geng, K.
Yasunaga, F. Syamsudin, Nurhayati, and K. Yoneyama,
“Diurnal cycle of precipitation observed in the
western coastal area of Sumatra Island: Offshore
preconditioning by gravity waves” , Mon. Wea. Rev.,
145, 3745-3761, (2019).

[6] Nasuno, T.,
western Maritime Continent during the 2015 and 2017
YMC Sumatra campaigns in global cloud-system—
resolving simulations” , SOLA, 15, 99-106, (2019).
[7] Short C. J. and J. Petch, “How well can the Met
Office Unified Model forecast tropical cyclones in
the western North Pacific?”, Weather and
Forecasting, 33, 185-201, (2018).

[8] Miyakawa, T., Satoh, M., Miura, H., Tomita, H.,
Yashiro, H., Noda, A. T., Yamada, Y., Kodama, C.,
Kimoto, M., “Madden—Julian
Oscillation prediction skill of a new—generation
global model” , Nature Commun., 5, 3769, (2014).
[9] Miura, H., T. Suematsu, and T. Nasuno,
hindcast of the Madden—Julian
CINDY2011/DYNAMO field

campaign and influence of seasonal variation of sea

“Moisture transport over the

and Yoneyama, K.,

“Anensemble

Oscillation  during the

surface temperature” , J. Meteor. Soc. Japan,

93A., 115-137, (2015).

[10] Kodama, C., T. Ohno, T. Seiki, H. Yashiro, A.
T. Noda, M. Nakano, Y. Yamada, W. Roh, M. Satoh, T.
Nitta, D. Goto, H. Miura, T. Nasuno, T. Miyakawa,
Y.-W. Chen, “The non-hydrostatic
global for CMIP6 HighResMIP
simulations (NICAM16-S): Experimental design, model

and M. Sugi,
atmospheric model
description, and sensitivity experiments” , Geosci.
Model Dev. Discuss., https://doi.org/10.5194/gmd—~
2019-369, (2020).

[11] Nasuno, T., K. Kikuchi, M. Nakano, Y. Yamada,
M. Ikeda, and H. Taniguchi,
real-time Forecasts Using a Global Nonhydrostatic
Model during the CINDY2011/DYNAMO,”  Journal of the

“EBvaluation of the Near

Meteorological Society of Japan, 95, 345-368,
doi:10. 2151/ jmsj. 2017-022, (2017).
[12] Argieso, D., R. Romero, and V. Homar,

Precipitation features of the Maritime Continent in
parameterized and explicit convection models. ]J.
Climate, 33, 2449-2466, (2020).

-7-4



- Earth Simulator JAMSTEC Proposed Project

Stugylof Cloud and Precipitation Processes Using a Global Cloud Resolving
Mode

Project Representative
Tomoe Nasuno Research Center for Environmental Modeling and Application, Research
Institute for Global Change, Japan Agency for Marine-Earth Science and Technology

Authors

Tomoe Nasuno*!, Yohei Yamada*', Akira T. Noda*', Masuo Nakano*!, Chihiro Kodama*!,
Tatsuya Seiki*!, Tomoki Ohno*!, Shingo Watanabe*!, Masaki Satoh*'*, Hiroaki Miura*!>,
Hiroshi Taniguchi*!®, Mikiko Fujita*?, Miki Hattori**, Tomoki Miyakawa** Roh Woosub**,
Ryosuke Shibuya**, Tamaki Suematsu**, Hiroyasu Kubokawa**, Ying-Wen Chen**, Hisashi
Yashiro*’, Mikiko Ikeda*8, Tsuyoshi Yamaura*’, Masayuki Hara*!’, Yoshiki Fukutomi*'!,
Kazuaki Yasunaga*'%, Kazuyoshi Kikuchi*!*, Nawo Eguchi*!*

*IResearch Center for Environmental Modeling and Application, Research Institute for Global Change, Japan Agency for
Marine-Earth Science and Technology, *?Dynamic Coupling of Ocean-Atmosphere-Land Research Program, Research
Institute for Global Change, Japan Agency for Marine-Earth Science and Technology, **Global Ocean Observation Research
Center, Research Institute for Global Change, Japan Agency for Marine-Earth Science and Technology, **Atmosphere and
Ocean Research Institute, The University of Tokyo, **School of Science, The University of Tokyo, **Department of Science,
Kobe City College of Technology, *’Center for Global Environmental Research, Environmental Research Institute, *Ministry
of Education, Culture, Sports, Science and Technology, *°Center for Computational Science, RIKEN, *!°Center for
Environmental Science in Saitama, *!'Institute for Space-Earth Environmental Research, Nagoya University, *!?Department
of Civil Design and Engineering, University of Toyama, *'3International Pacific Research Center, *'“Research Institute for
Applied Mechanics, Kyushu University
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of these phenomena by high-resolution global simulations using Nonhydrostatic Icosahedral Atmospheric Model
(NICAM). In the FY2019, we examined the representation of the ISO and diurnal convection over the Maritime Continent
(MC) in 7-km global simulation dataset for YMC-Sumatra 2017 in comparison with observations and the simulation data
using a 4.4-km mesh regional operational model. It was found that the global model has an advantage in the representation
of the propagation and active/inactive contrast of the ISO convection. The higher resolution model better simulated the diurnal
phase on the land area, but it tended to produce excessive (insufficient) amount of land (ocean) precipitation. The
sensitivity experiments using NICAM shows impacts of the cloud microphysics settings on the of these convective
variabilities.
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1. Introduction using the UK Met Office Unified model (UM).
The goal of'this project is to better understand the mechanisms

of meteorological disturbances, ranging from diurnal to seasonal,
and local and global, and interactions among them. To achieve
this goal, we use Nonhydrostatic Icosahedral Atmospheric
Model (NICAM; Satoh et al. 2014[1]), which can represent cloud
and precipitation processes over the globe in a seamless
framework. In the FY2019, we analyzed the simulation data for
the Years of the Maritime Continent (YMC) (Yoneyama and
Zhang 2020[2]; http://www.jamstec.go.jp/ymc) field campaign
“YMC-Sumatra 2017” to understand the merit and deficiencies
of the model in representing the Intraseasonal Oscillation (ISO)
and diurnal convection over the Maritime Continent (MC), in
comparison with regional higher resolution simulation dataset

2. Experimental design and data

The details of the setups of the global 7-km mesh NICAM
simulations are given in Nasuno (2019[3]). The near real-time
14-day long forecasts were conducted on the daily basis with the
Earth Simulator during 15 November 2017—15 January 2018
(Nasuno et al. 2018[4]). The domain of the UM simulations is
[91-153E, 17S-29N], where a horizontal mesh size of 4.4 km was
applied. The outer boundary and initial values were interpolated
from the 10-km mesh UK Met Office global model (Short and
Petch 2018[5]), and 5-day long simulations were conducted. In
the NICAM sensitivity experiments, the cloud microphysics
settings for the ISO simulations (Miyakwa et al. 2014[6]; Miura
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et al. [7]) were replaced by those for climate simulations
(Kodama et al. 2020[8]). The simulation outputs were combined
to make time series for the entire target period in the same manner
as Nasuno et al. (2017[9]) for the analysis of the ISO. The Global
Satellite Mapping of Precipitation (GSMaP) was used for the
validation of precipitation.

3. Results

Figure 1 shows the longitude-time section of precipitation
during the campaign period. Eastward propagation of large-scale
precipitation associated with the ISO events occurred in late
November and early January (Fig. la), which was fairly
simulated in NICAM (Fig. 1b). In UM, disturbances with shorter
time scales (e.g., several days) were well reproduced, while
contrast between the active and inactive period corresponding to
the ISO was unclear, and continuous precipitation tended to
appear in some areas (e.g., 105-120E, 145-155E).

@) GsmaP {b) NICAM
BT EMep P 05 ot [rm ] s 1205, 12580 W g FRE; i [ b 20 1258
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Fig. 1  Longitude-time section of precipitation (12S-8N
average) in (a) GSMaP, (b) NICAM, and (c) UM. Boxes indicate
the areas shown in Fig. 2 (yellow) and Fig. 3 (red), and the
ellipses indicate ISO signals. Fig. 1a and 1b are reproduced from
Fig. 1b and 1d of Nasuno (2019, SOLA), respectively, by adding
the marks described above.

Figure 2 shows time averaged precipitation for the first ISO
event over the MC. Intense precipitation corresponding to the
ISO convection is seen over the surrounding ocean of Sumatra
and Java island, to the west of 120E (Fig. 2a). Such large-scale
zonal contrast of precipitation associated with the ISO was fairly
reproduced in NICAM, but with underprediction of land
precipitation (Fig. 2b). In UM, concentration of precipitation near
the lateral boundaries and over land (islands) weakened the zonal
contrast associated with the ISO (Fig. 2c). Analysis of diurnal
variation indicated that UM (NICAM) tended to produce
stronger (weaker) amplitude and correct (delayed) phase of
diurnal precipitation (Fig. 3 in Japanese text), suggesting that
these are closely related to the biases in the mean fields and the
ISO representation (Figs. 1 and 2).

4. Summary and future work
An advantage of the global cloud-system-resolving model in

the representation of the propagation and active/inactive contrast
of the ISO convection and deficiencies in reproducing diurnal
convection over land area of MC were confirmed by comparison
with high-resolution regional model simulations. Toward
improvement of the model, sensitivity experiments on related
physical processes (e.g., cloud microphysics, Fig. 2d) and
detailed analysis is underway.

(a)pup gemop. 15n0u2017-Tdec201?
o Vi e

90F 95E 10DF 1057 110F 115€ 120 125E 130F 135€ 140F 145 150F 155
o — e ——
b3 bt O3 08 07 B 1 A

um - (d)

90 B5E 100E 105E 110E 115€ 120€ 125€ 130€ 135¢ 140€ 145E 150E 155€

63 0t 05 98 07 68 1 1

e cesgs e NICAM MOD

() prop A 15non2017-0ec2017

oy

T3 04 05 o8 o7 os 1 W

Fig. 2 Precipitation averaged between 15 November and 7
December 2017 in (a) GSMaP, (b) NICAM, (c) UM, and (d)
NICAM with modified cloud microphysics settings.
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