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NICAM

Non-hydrostatic ICosahedral Atmospheric Model
GEHFE_t+mEBTKRET V)
Tomita and Satoh (2004): Satoh et al. (2008, 2014)
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Museum of NICAM simulations

NICAM : Nonhydrostatic Icosahedral Atmospheric Model
(Tomita and Satoh 2004 FDR; Satoh et al. 2008 JCP; Satoh et al. 2014 PEPS)

Designed for massive parallelism
Good portability (supercomputer ~ PC)

by
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3.5km mesh data from Yohei Yamada. Visualization by CYBERNET. Radar reflectivity diagnosed by COSP CloudSat simulator.
Background image by NASA.




AR - UEETIL

« KL ET I
NFE1E 4 o
BEIAIED. AN FA. BEREN. RKEFED B

:E&Mtf-‘xf?tﬁg‘f)

- -t
o Y. C B o . . K

o A N e ZDOWE
* //E:/ * ;/E7k\ BEE:ETJ[/\ NN

« T AV AL Bl EFEE
-_7——}1/\ NN

G
7y
H

e T AH®E
« IBROBIF - EHF
« XX FI. ZEFIHR. fETFH

Mgl s RS b HOERTAEAL] ARSI e /5 DIl & e 1=

Hit: [EESREEELAHLH,S ]
IV SIS Y s T =



TR ES®
F

« SUE

)

° _\,'ﬂf’i% /,\J

—l &
« KDIREE
« [ARTFHTIIHE

HAME (1

Z i B K, DIRRE
CSUR. AL CEE. =,

ZHEOHFHINEE, RTERI,

VAN =)

HE

SEOEIIZEN - T-. HAE{A

TlEAEREB D AN EE

4]

o

TR (mm) iR (R

18

EEOASEROANOEL

|14

— R (T

og 1A 118 128

=g EREREE (C) =--—EHRERE (

C)

IR NSO

") REROPLHER
BREHTVER A,

M =578 (-85

<H :i]=] B&a
Bt 28008) 2980 3080k 31HK) 01HGE) 02H(1) 03H(H)
BERE g =] E8Bm BELE =g £
e ) - oy
L X - . W
= B IKBEER(%) -/10/10/10 10/10/20/30 40 50 20 20 40
== 7L N > s 8 £ 4 A <
=5, /& C\.,_ -
— -/118 9/14 10/19 11 /420 7/14 6/13 7/14
EE/E8(0)
S PRI (—ER)
MEREIIYITEE—EREFRUEY
\ HEE 7= | w5 \ ¥ |
‘ -— 16.27C | 1627 ‘ 151°C I

1 B SR O E B
FELAP:

0'7 7)[//7—)1/

.

f%“x RED

mBELD LD S



(BRED) X3 - L& T3

* ﬁgﬁff@%iﬁ*ﬁfﬁ I\ L > I\ Si— ] oS —
« EFIZL Lo TWD
c BEIIRZTABEIR NG N
« SRGREN-BEROEBSHEIRMENN
E-omEOBEMELIRE (1D)

NICAM ——

= o
=5 =N

e R r100
‘:r_i\' T ¥ I 1T+ o~ l. T
T+ '80

rror (km)

48 60 84 96 108
Forecast time ( )

AITZOkm?I‘R?O)EE%%qe&:ETJb (GSI\/I) & I]kaTﬂ

b
s BT R D TERIE X TR SRR FETILOERFHRMIE, Nakano et al. (2017) GMD
BEMEE TR (FOMIEOTFR) OFFHERE ERBETHR (MNOSE) OEReE

—— 12|0B§F§$$E I = —e— 120E5R8F4R

o OSBRI —o—SEESRIT IR

T2ERETE 25 — TR TR

o || o amern A B |
20 i _— | L
T /
V.\r*-\,)-«'
" . HBL @ SURIT



/v

(BED) [FEETH]

o 5B DT % T8
o BRI BEK N
e FWEEDOES ¢ E
s BRDEEL D F-IEE LG L

INoIFEITERERE (O(100km)) SUREETILORER
o 14kmETILTIEEE DL K%< (Yamada et al. 2017 JC)

0

. 13 ' 13 " 7y I 2 x e

‘ Changes in storms with increasing global warming £ sof “*mvﬁ#‘* s £
_ N - , - = 4 = b1 £
( Global . Regional ) ! E 40 Jﬁ@@ E'm _ts S
— Sl - St S ‘ b

= Tropical cyclones : w5 f f m Lo [E
« Extratropical cyclones Tropical cyclones Severe convective storms e —
* Atmospheric river Decreased Increased Slower Longer B 20 -1.5 %ﬂ
. exposure  exposure  motion season & )

Average and maximum % &
precipitation rates increase ) 9 ox
with warming 1000 i

* Tropical cyclones - 980 1 ;:l?
Increase in strength e ﬂE

= 960 1

Decreased or unchanged H e
genesis frequency ﬁg 940 I

H i

® 920 i

¢ Extratropical cyclones

Changes (increase ar
decrease) in wind speed
following storm tracks
poleward shift in some regions

[km]

BRDHC
2017.9.144FJAMSTEC L X U ) — X [HIEK)R
IPCC AR6 WG 1 Chap. 11 BAABRDER EHBEICKITTEE] LY




PR CFEIREICT T 2B 0D E Y

» MU ISR D IEANMER]
- K. EE. BA.

« ERADE)E

¢ IPCCEBLUTIL « TT KA/ —RILER]
E=E (20074F)

« XUHE (2015%F) (HROTBELFE%
2°CLLTF. TENIF1IECLUTICHNZ B &
h%x4 %

« SDGs (20154F) : #HHcrleea R BIE,
2030F(z@IF-17TD BIZ

- [EIEFERERETE (H. BAHF. &

- [UERZEHESE (20184F)

il

500

450

1,300t mdp 7= W D AEOE ()

300 :

s lN-B N .
200 |
150

100

2E [7AF ] 155K ES0mnLL_E D -5 4 B3

ML ;}:=29.2 (/IGE)

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

(a (b)
? Tk 7
4 fof P \ | =t
- 3 = o \v.’\ "(ﬂ - 1 -
T NG |
P =
N i —

F - \ 0 { I | | |
. \‘ \“, \/ = t A - ? ;}\’!\ -, S - ~
LA KA SUEP. SN SaEEE
WL AL | PSR Apr TNATTNIND
YRR Y e R E: e b
N o (Y | S S0l | Mg

100" 105" 1

(

£ 12 i
d {
10° 1157 120° 125" 130" 135" 140° 145" 150" 155" 160" 165° 170" 175° 180 qp0' 105' 110° 115" 120° 125' 130° 135° 140" 145° 150° 155° 160° 165' 170° 175' 180
\Y
1980-19994F (£ ) $ L 1r2000-20194F

£) ICERICER L e R 0RER,

Yamaguchi and Maeda (2020) JMSJ



SURRYE - ATDICH T 2 I0EDEERIER

. (P [IERE : COMBEBOKEBLESE
e BRI ETIVICLBDERFOHTEE : 2.3~4.5K (Sherwood et al. 2020)

c B LADICT T ATUREET ILDILE
« TIETTIICHKEFEL TKRKELLELR S
¢ FFICEDILEZEDEWVWHAFTEL TW5

(a) 'Iﬁﬁ:Fi’]iﬂJ:m,mz‘{m Climate Feet'ibacks . . '
6.0 T Y ' g ' T 2081~2100% H H A Observed, Interannual Variability [Dessler 2013]
i ,,;J _/\ :Fﬁ] H H CMIP5 GCMs, 4xCO, Warming [Vial et al., 2013]
[ f— BEOHEDET LIS " 21 E E ® CMIP5 GCMs, 4xC0; Warming [Caldwell et al., 2016]
| o= RCP2.6 H ! @ CMIP5 GCMs, 4xCO; Warming [Colman & Hanson, 2017] N —
4.0 | e RCP85 39 d & i * .¢. . i @ CMIPE GCMs, 4xC0O; Warming [Zelinka et al., 2020] T ;J%_ Hﬁ’[t %
v ] [ W This Ass 5smet[Tb|31]
1 1 ! | >
o o T;c : j][l l%_
- % ~ ‘ .“ * + + +
-_— - @ & |E
WV RSB 0 :
T &8 = :
| g x A H
. 3 | Aeseem 5 5 + ++ | BEE{v %
20— — - : ! ! :+
1950 2000 2050 2100 : H | | + /}jz'
* -2 a | | |
. M ~ ~ ~ —_ N r T ; ;
. 7;&1@ S/ g [/ — 3/ 3 ‘/ L; J: %) %/EI\IJ Planck+2.5 Water Vapor Surface Net Cloud Total

+ Lapse Rate Albedo

IPCCELRFHMmHREE ("JFRTR) &LV Sherwood et al. (2020) Adv. Earth Space Sci.



{3875+ R E
THRR

 BARHER CEEMR (EHHR)
S HERE A > HuER % S



S56km X v S 2 DgE - - -
20040804.000000-20040820.0000099_:39

=
=
-~

e

XK Ialb—raVBERIIBERDESE




14dkmA v > a2 (29 A &

NICAM=AMIP GL-09 20000813 0:30

¥ Tal—variERIIARDES

2017, 11,11 09




3 5km)< "/ \/:L@EE — & FRMIRK, AR NE

KyIal—rarvBERIEBEADRZE




etal (2019) PEPS,
[RBT RO TF 1 =Ur” 7 X

Stevens




ROEHG - -
s SRRAREAL © & or EMRR (dx<~5-3km) . LES (dx<~100m)

K7 B> 7L - AERRE - NERZEE) D IERE, FESR T8
« REAFEDL - 2KEMBRET L OUEET UL

c BHM T BHOLWBEKRT

o (RILFETIME. ALER)

X DHEBEETTIILOO0—-RNYy 7R, FERFEO-FYy 7202205% - [UEOFEIL Y ($hES)

- ]2022 2024 2026 2028 2030

SHRLESE 7L BI% s
20200 m=EE =RI00m=E&R (LES)
NN O(03)7rH 7
> > }b E o N :I: |—|—| /\
W7 =32 7 Wit SIRERMG T HER
IRERRI0FESIRESRR PIRERGRI00E S EEER

SIRERGHIKS X T LETILHEE EIRERHRIMBRS X T LRER




NFE O E

e 14km X v 2 30F 7 -
/L;\b < éﬁﬁﬁﬁ
« BFICEBR DO -

ZEIED

. AlDFB T —

(&

IR ?

=RRE D&

EEOE Y HAQ@K

IS SUEZEER (Kodama et al. 2015 JMS))

EER (BLASEMEEFL)
/p\ﬁ\i\ E%)\ 2 7L"

BIRMED

2 & L THFERAINA (Matsuoka et al. 2018, Matsuoka 2021)
) BIRMAE NS HILD

* 710 5 —r—orth Indian Ocean 10 —r—vestem North Pacific
B 3 6 -
g2 4
z 1t i Z 2L
0 & == = 0
123456789101112 123 456789101112
TC track density Month Month
60N 7 o : 3 A e - 10 I IEa.ISteII"r1 N|-0th II)a'C].I-i-lC\ I I 10 U IN(\)rtlll -(%tl\]-a':n-lt:‘l-c 1 I I I
5 8 - 8 o .
Bl £
30N~} s = af 2 |
. i a.l Z 2 - 2 F
EQ_. - () e [ - 0 - :
| 123456789101112 1 2345678910111
305 - Month Month
10 U T |S01Utl'|l Tnldia:ln Olce‘?n T T 10 U T T T S(T)Ut];l ])lavc‘ifl'lc T T 1
60S1 ! : . [ 5
T T T T T T T T T T el
0 60E 120E 180 120W 60W O 60E 120E 180 120W 60W g
( [num./month] Z , _
0 1 2 3 4 ) 3 :
123456789101112 123456789101112
Y \ I=wal \\ —_
aROBARE, (k) &8, (B) E7.L R owh \ Moimh .
A RAEELROZEMEN, RGN F:ETIL



SAE/ N A 77 R E DRI

km (g) IWC, CloudSat (b) IWC, NOCLD (c) IWC, REF

—= . . y - 0 : 0 :

60°S 30°S EQ 30°N60°N 60°S 30°S EQ 30°N60°N 60°S 30°S EQ 30°N 60°N
T T T T R [ I I - < T T T T T
051 2 4 8 1216 20 24 051 2 4 8 121620 24 051 2 4 8 1216 20 24

B L 7ok O ALAERTE [10-6 kg m3],
(a) CloudSat&EEZ&8]. (b) old NICAM (c) new NICAM

(AMIP.N12.197806...) — (JRASSV2)
bigs=0.73, rmse=2.88, scorr=0.98

(c6.hist.g09f_20...) — (JRASS5v2)
blos="0.81, rmse=1.84, scorr=0.99

|

b °

6-8H o B
60E 120E 180 1200 60W G6-30 3 66-30 3

(AMIP.N12.197806...) — SJRASSVZ)
bigs=0.49, rmse=2.26, scorr=0.99

o |
» o
[(e} (o]
12-2 8 1
_. ~ " 1 T Y Y

G60E 120E 180 120W 60W 6:6-3 0 3 em0s0ia

=8 =8 =4 =2 .0 2 4 6 8
-8 -6 -4 =2 0 2 4 6 8

# FSCBEDOSEANA 7 X (FIRA-BEFEENT)
(%) old NICAM. (#) new NICAM

Kodama et al. (2021) GMD

GPCP v2.2 3.08

NICAM(56km), Fixed SST

15° N . S ----- ".‘

1 3 &5 7 9 1 13 15 17 19
Precipitation, mm d-', Jun 2004-Mar 2005



Scalability of NICAM on Fugaku

« Target: NICAM (DP), rich output necessary for CMIP protocol
« Metric: Simulation Year Per Day (SYPD)

« At least dx=7km climate simulation is possible on Fugaku.

« Excellent weak scaling performance suggests dx=3.5km climate
simulation is feasible.

1 1% of Fugaku (160k nodes in total)
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Workflow of NICAM climate simulatio
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In my experience, many people prefer to analyze high-resolution 2D lat-lon data
and/or low-resolution (p-level) lat-lon data, not icosahedral data.



Performance of post-process on Fugaku

« Target: Grid remapping (icosahedral -> latlon grid), dx=14km

« SYPD for the remapping (0.85 with #proc=40) is now greater than
that for the main simulation (0.3 with #proc=640).
 Better performance was achieved by (1) parallelized file output at the cost of

many lat-lon files for each layer, (2) reduced amount of MPI communication,
and (3) use of local SSD disk on Fugaku. Use of MPI-10 under consideration.
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* Financial support

e Program for Promoting Researches on the Supercomputer Fugaku (Large
Ensemble Atmospheric and Environmental Prediction for Disaster
Prevention and Mitigation) JPMXP1020351142) of the Ministry of
Education, Culture, Sports, Science and Technology (MEXT), Japan

« Grants-in-Aid for Scientific Research, (for Transformative Research Area
(B)), Grant Number 20H05728, "Challenge to a global cloud-resolving
climate modeling” of MEXT, Japan

 The Integrated Research Program for Advancing Climate Models
(TOUGOU) (JPMXD0717935457) of MEXT, Japan

« Computational resource

 The supercomputer Fugaku provided by RIKEN through the HPCI System
Research Project (Project ID: hp200128, hp200271, hp210085, hp210166)

 The Earth simulator by JAMSTEC
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