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Yoshikawa, E., T. Ushio, Z. Kawasaki, S. Yoshida, T. Morimoto, F. Mizutani, and W. Wada, 2013:
MMSE beam forming on fast—scanning phased array weather radar. IEEE Trans. Geosci. Remote

Sens., 51, 3077-3088.

M—2. The assimilation of dual phased array weather radar observations on short range
convective rainfall forecasts and impact of range sidelobe errors
The research has concentrated on the development of a new technique to remove range sidelobe

echoes from phased array weather radar reflectivity observations using dual observations.
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Range sidelobe echoes are a type of false echo that can often be seen extending toward or
away from convective storms in the range direction and are a common radar artifact. This
study was performed to provide existing quality control and improve short-range forecasts
using this data. Current quality control algorithms are poor at removing these errors and
can lead to false echoes being assimilated, leading to a degradation of the analysis. The
methodology developed removes the false echoes by capitalizing on dual radar coverage from
the Kobe and Suita (Osaka) radars. With two independent sets of reflectivity observations
we can identify which reflectivity observations were likely from rain echoes and which were
likely to be false echoes caused by instrument processing error and/or from ground clutter.
Subsequent data assimilation experiments applying the new data quality control technique
showed that we can successfully remove false echoes from the analysis (Figure A-5). In these
experiments false echoes can often be seen extending away to the south of the convective
storm. The experiments showed we can improve short range forecasts of surface rainfall when

the false echoes were removed from the observations (Figure A-6).

SCALE LETKF Ze Analysis SCALE LETKF Ze Analysis
With False Echoes Without False Echoes
s ; J
o SRS S *
d “n ¥4 s

S
L‘("\.

False echoes

aw
Z=2km B )
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Figure A-5: (Left) SCALE-LETKF radar reflectivity analyses (dbz) at 2km height for experiments with

and (right) without false echoes removed prior to assimilation
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Figure A-6: SCALE-LETKF 40 minute forecasts of surface rainfall for experiments (left)with and

(middle) without false echoes removed. The right figure shows the JMA surface precipitation analysis
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IBALOKIN B L, $RETER L TV SRR TR AN D, £ L TRk ClEy 7 — REEREF IS

HEZRNLF—DHENGFELTEY ., BEARTEE Lo TS, —F NO-DA T TE ;’EEJZETK
ETH DA, 500 m LA T OAHYLIENLOAE NS TEST & T 3 K&Eﬂﬂ . TEST IZH_ T JE M ARZE T

RN, NIRRT —AREEICL DR AT —IE HIZIEEN ), ADEZRLTEY, TEST O X

Meridional-vertical cross-section (135.08E)
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I2E1T58E

s71,

BT X (BRATIE) .
¢, KFELT7—FREREICEKDIRILF—INZ[x10% kg m' s7],
BIVEAILX., RBRERADFERGERBNAEET 28BEICHIGT S,

(a, ) h 53— z— FIFHEHERAIK],
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D IR KRR « FEARET D BER N ARG =00 o7, BLEX Y| PAWR O L— % —D IR 1 & 8)
BIEA 30 EICE T 5 2 L2k o T, BEFAVOES PRI A EETE | S YIEN O KK T
A LT Z L2 K o THIRDIEF I BT WEEIRED AL S 4172, & LT, 38UV L o TR
EL, SHIHFIRLEICL DR AF G EE WD Z LB LN ST,

27 ik
Miyoshi, T., G.-Y. Lien, S. Satoh, T. Ushio, K. Bessho, H. Tomita, S. Nishizawa, R. Yoshida,

S. A. Adachi, J. Liao, B. Gerofi, Y. Ishikawa, M. Kunii, J. Ruiz, Y. Maejima, S. Otsuka, M.
Otsuka, K. Okamoto, and H. Seko, 2016: “"Big Data Assimilation” toward Post—peta-scale Severe
Weather Prediction: An Overview and Progress. Proc. of the IEEE, 104, 2155-2179.

Lien, G-Y., T. Miyoshi, S. Nishizawa, R. Yoshida, H. Yashiro, S. A. Adachi, T. Yamaura and H.
Tomita, 2017: The Near—Real-Time SCALE-LETKF System: A Case of the September 2015 Kanto-—
Tohoku Heavy Rainfall. SOLA, 13, 1-6.

D—5. EFSO (=& % NICAM-LETKF & R T LDERIA >/ FifEE

BIEORZ MY AT 23S OBMZFE L TEB Y . L BWTF—XZ (kv AT ADOFHIIX
BT — 2 N EORERKSTMOKECTEE L TCWIONERILT D ZENEETHSH, BT —4
NP Z EORREWE L= &2l 5 T4 Forecast Sensitivity to Observation (FSO; Langland
and Baker 2004) 733 %, ffk. FSOIXBELEET LA B L7=73, Kalnay et al. (2012)(C X Y EnKF (244
3 & 472 (Ensemble FSO; EFS0), = ¢ EFSO %A NICAM-LETKF |93 U BUHIA > /7 NHEE 2 9200 LT,
B4 A-9 1%, EFSO IZ &V BAES b7« OB DA X7 N aRd, RO TRE LT, K&

e NER « GEE) TR L X — D TGRS L ZNEAUVINIHEE L7z, ZAURE 2« OBLAITER A & DR B
TREACL S TRATHREZRELS LT D00 27200 Th D, £ ORHK, NICAM-LETKF TiX, 7
T 7 (ADPUPA) | i & J8l (SATWND) | T2 BCELEHAE (ASCATW) . ~ A 27 w7 & — (AMSU-A) 73
RERA LRI NaefFfoTnD I EER LI, U EOREEZ L, HEXRFLHITHLERR L
(Kotsuki et al. 2019a),

(a) EFSO :: Ave. Total Obs Impact ; vs. ANL (b) EFSO :: Ave. Total Obs Impact ; vs. ERA

B =)
= =
) >
L w
s S
ui ui
o a
ui m
< o5 EFSO vs. ANL(ME) ==1 X EFSO vs. ERA(ME) ==
: EFSO vs. ANL(PE) === 07 EFSO vs. ERA(PE) ==
06 EFSO vs. ANL(KE) === 08 EFSO vs. ERA(KE) m==m
’ < F o x g o a o < ' < - o @ o O o o <
b T h
Sb2g725 3 E 383 Sb2g2535E 383
o o« E o a O 7] a o E o a O 7]
o = € 2 a2 8 o = g = f 2 g 2 @ 6 =
< $ o £ < 6 £ < < $ o £ < 6 2 <

B A-9 : EFSO [k > TRI#EH - 1= NICAH-LETKF OZERIFERD A > /30 (U kg, KE - RE - BEOES S JETLT
. KES - RE - BRI RLT—OFHRBEZRLTEY., BER 6 BERFPHRIBIESNTNDSLETT, ZHD/N
FILIEZER TN, (a) xt NICAM-LETKF. (b) %t ERA-Interim DRMTEESHEL L THESNEBIA /XY FERLTY
%, 20145 7 A 4—31 B (4:8/) DFYZETRL TV S, Kotsuki et al. (2019a) /™ 551H,
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D—6. MEXKFHREBKFEMNMEEZHEAELE TP —LLABKFAUI R T LOREFR

KRRV —HF—I2LD 2 WMk S F — o & RpZERIIME L CHER T 2 KT 7 v A b2 2T AT,
LB BN TS, TREC (Tracking Radar Echoes by Correlation, Rinehart and Garvey 1978)
X HUR Y 22 SR B 2B L T RERIMICERE T D B B A A — U O RFTfEkEOBEI Y LA
BT 5, 2OBEINY NGRS ST BHElSREA A=Y B GEAIC L RERE L, kT
T2, ZOFTF ¥ XA N AT L% JAKA OFRRET 5 EERFHREKEE K~ » 7 (GSMaP_RNC; Kubota et
al. 2009) (23 L, £EREEK T U F v X b AT A% 2 E TICEYLZENFZERT TBE% L TV /= (Otsuka
et al. 2016; 2019), EB)VFHITFEITERH O FHREE XSV, R L & BITHE BT 2 &
DI HAIVTN D, AIFFEIL, EE A TIEE BEET VIS L D TlZMAAEDEDZ L2k oT, &V
WU — & A LMz B E T 5,

AMFFETIX, NICAM-LETKF & GSMaP_RNC (2 K 5 HRYIDOREKIEK S — A VA THI AT LEBHFEL
720 T2 TCIEME S O TR ZBHMIZ, wXNICAM+ (1-w) X GSMaP_RNC & UL CHLAA DT, ZOEHL W
R AF DO BIELTdH U | NICAM & GSMaP_RNC DFEK FRIEEIZ L » TRE I D, HIRA 7 —L DT
PCiE, EBATEIR—RICG 2 b5, L LKA — O FRITCIEL, ik 2 & 2 i 7e A 72
V5%, NICAM & UF v 2 FORFTRYR PR 2 i3 2720 Bzl mpr ALy b2 =7 (LTS)
BEALT, LTSI, &7V » RO 107X 10" O THigtE & 0 ALy M 2Aa 7 Z35R T 5, A
ZETIL, 2D LTS B R AL S AL HFEIT, GSMaP D& CEHAZ KD 7o, ALy M A 7 EfEIZ 0.5 (mm
hr'!) & U, WGET — Z121% GSMaP_MVK (GSMaP (3 DR D~ A 7 v _T — & & W TZREAK AT,
WK IZI N~ T 4 B2 HWTERBEIRY MLE2RD | @O ZEM 2 FEED b D& R1) & Huiz,
HALONH 1 ETO 0. 1AHDEE U e E AL b L—= 2 7 B ORERD S EIC Rk 7=,
2014 29 Ab o 12 M L—= 7 HIM, ko 1ERMZBREEHMR L LTERZTT 72, 7 A M
M 1AM O LTS O2REREE 75 & 7 R JeE TO THIKEEE T GSMaP_RNC 23 NICAM % E[F] % 23, %
AR CIEfidis L7z, W 25 2 & T, LTS & SFHHE 722 (MAD) O i 5 A% © Y- JHPkS A3 1) b
THMREST (MA-10), LEORREZ F LD, KEKSLFS Weather and Forecasting FEICHR
Z3F L7~ (Kotsuki et al. 2019b),
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(b)

—NICAM =— NCST — MERGE_LW —— MERGE_GW

0.25}

0.2

LTS

0.15¢

01¢ . ‘ . . l . . . . .
1 2 3 4 5 6 7 8 9 10 11 12
FORECAST TIME (hr)
A-10: 7R MEARR 1 FERE (2015 £ 9 A5 2016 £ 8 B) D LBRFH LTS OLLE:, HEEnTFTHEFH (hr) THY. T
2. R, BBRIEZTL TN, NICAM, GSMaP_RNC. B C LICEAFROIZD—LLAFIR, 2H—BFTEAEROY
—LLRFH/THD, Kotsuki et al. (2019b) &k U ExE,

D=7 T—RRMLIZKBETILISA—4HE

WEAEEE DR SC Kotsuki et al. (2018) 25| &feE, 7 —ZRMKIC K VGO D ET VREIZET S
%W%%EﬂmLu%TNA7fW&@WLM%ﬁOkk%uq%TWQW%&E?éiﬁ@%%%ﬁ
ol BRI E LT, BT AT A —FHEFIEEREHRICHT 5 HIEERG Lz, KUEEHRE T
X, HIERS AT DO NT A ZWUNRSOZ ENEETHY %Tw@mwﬂ471®ﬁﬁ®t
D, BT NG A—EDFT a—= TPRELERD, ZOF2a—=0 73l E FIEETITORLTEY
RZAHFE A RE AT T 3 — FRERLENT WD, 2 2 TiE S 7 ADEMZ BT — X
FULIC L DETANTGA—Z 5 WE LT, 774NV NOETIVEHETIIEZEEORBUSGRERHV | ED
FEHZ &0 K& B o B & S BE RN R & e > Tz (K A-11 /), GCOMW  (Global Change
Observation Mission-Water) 2 IZHH I LTV D EMERE~ A 7 2 AU FH(AMSR2) IZ X W Bl S %
EEE HWERIC, REBEEAX— LD A =22 RfEb o7, TOME, EEriEL, 71
DRI SA 7 A% BB T DR 2572 (MA-11 £),
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90N +

60E 120E 180 120w 60W 60E 120E 180 120w 60W

-36 -28 -20 -16 -12 -8 -4 -2 0 2 4 8 12 16 20 28 36
€ less cloudy cloudier=>
EA-11: 20150 1 EEHOETILO LAZEEREDONAA TR WD), BRF. EEAS LD, LE=ERKEA
BRIFMENTOBIRETH D, EED/IRILIFEFNREFN, ETILOTIAILEEE. BEU. R"TA—FEEHYDE
E&TH D, (Kotsuki et al. 2020 ™ 5E|A)

[W/m?]
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®D—8. KEARMDOHAREMEEEET ST —FRILIRTLA

RO A —HMOREICL > T, LV ZL 0BT — 2B G6 0 K01k oTz, HEBHIT—
AHZED 1 DThY | BEXRKTHROBER EICHERRTH D, HEBNT —% DX 5 2 FE—H
THELNTBRT — 21X, BHEREREN T 2 2 e bN TV S, BIEOT —Z [Eky 27
LTI, BUREEMEBZ B E L T2 lE IR F IS BI W D Bl EE KE<T5 L0
D xLE LTV D, ARFFE T, BUHERZAMBZ BB R T 2 2 L T, iZMHEA0 & 28117 — & D
FlEETOTBHE vy /T — 2 2R3 2 L<IEH L, FERK THEEOM E& BiET,

WEAR B | 3RS 112km @ NICAM-LETKF o A7 A% FHVN T, GSMaP [k & oD /K J5 [ O BLIRR 2
B Z BB T DV AT LAORBEE L OBIEEREZITV, KRR EN 1%RERER L35 2 &L 2R L
“o BRI, BERRA T AT JMIBW TR B A V37 FOREWEBIHIT —% DO—>Th Sk RAE
~ A 7 ERAER (ASU-A) DAKFBLAIRRZEHERI 2 %5 87 5 32 & NICAM-LETKF % Hl\TiT > 72,

BB EZ ZE L CF —Z AL 2 EITT512E, i - CTEIHRAZEHBE 2 BEL 20BN S D,
AMSU-A OBIHFRZMBIX, BHERZEMEE BEET T — XAk A 7 V2 FITL., ZOREREHANT
KGR NF ¥ o RIVEIT Desroziers et al. (2005) DFEZAWTCHE L, TOHEEETEHE LN
BUHFRZZFERE &2 IV T AMSU-A OACEBIRRR A2 BT 27 — # UL EBR L O PR FERE 1T o 72,
[ A-12 1%, AMSU-A OBLHIFRZEFE 2 & L2 2 L IC X A KIES0E B KRG BO ) JE 0 ERA-interim
(23 % RMSD D Z8{k=R %4 /x4, ERA-interim {X ECMWF (2 —n v Tt v & —) OFffrT —#
THENRRWE STV 5, BIIRREMBEZ T — 2 FILCHICBET 2 2 & T, ikl NE o s ES T
BB AN R S A2 03 SRR, BT RSO K R SD NS BE D3N e R C 5% R s L7, 72, BIIRRZE
MBAZBE LI2GE L BE LR WG EOMIMEE TN EndifE s Lz 5 A THREROKENL, T
BREE HEam B3 2 2 s (K A-13),  ABFZEIE, JAXAPM & B2 L7 HitEd T
Do
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A-13: BB EHRAZZERB LGS EEBE T T—ARMEE T o -G E DR FTHEZID () EEPL D) KB, () HAR
() KESED ERA-interimIZxtd B RMSD DE, AfElX. FPHREENALLI-CEEZTT,

235 3CHK

Desroziers, G., L. Berre, B. Chapnik,

and P. Poli,

2005: Diagnosis of observation,

background and analysis—error statistics in observation space. Quart. J. Roy. Meteor.

Soc.,

131, 3385-3396, doi:10.1256/qj.05. 108.
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D=9, R&ET—F2RUELI R TLBDERIZHNT BB EDERE

BIEIRHRRE R & M RICHFIET D A Y ~BIBIRE 2 7r — L O KRKBLR I, Wi KIEOZE (%
WU 72 & OMAAERNZ DR« BBIZKRERERNZREZTZENMOENTND, Fl2IE, BRI
2 A G| ok 2 VEO ) SRR, MHEKIEA KT S, AROMRRICHERT T v 7 X
A EMOT LT, ADT 4 — Ry 7 L LTI, L LR b, Z< ORKET /L Tl KIRIX
FrG-OEREMEE LTEZ B, HAEERICE ROIZENTIZL AL S LITBRIBEINL TV,
T =X EULOBLE D HIX, KROTI & T ERARICIERR S vz N LR 7227 o o 7 VAR S 2 I i K IR
\ZHZ2 52 CHREOFBIMENRM E35Z &N TG TS (Kunii and Miyoshi. 2012), A
MR IR ORR T — IjH[:“/X’i‘A (218 5 IR B 7 )V A AT R DTV L 7K
IREB) ORI BRI RIE TR RES D,

WEEET L E U CEE 1 RICDIREEFET IV PriceWeller—Pinkel &5/ (PWP &5 /L, Price et
al. 1986) #EH L7z, TNEHEIMAKKET NV ERFTT v TNVEEI N~ T 4 VW ZITESWET
— X [A{lv AT I SCALE-LETKF (Lien et al. 201 IZFEEE L=, ZDO VAT A& HW, KERGE %
15 km & LC PREPBUFR 7 —# % [f{b. L7=B2 D, 2015 AEBJE 13 S OIR DTN EHE ORISR E Lz,

PWP BT NV EBATHZ & T, AKRICIIHFGEINZEY AR & BRE I 7‘6‘@@7}%1@1&&
TRBEOND LI ot -, WREAKIRIZIZA T Ly RAELTWS SO0, EEERHE X
&\kﬂ;%?éX7Vybihb%¢é<@of®é;kﬂ%%ﬂpﬁoko;ﬂikiﬁﬁ®%6
TERMBS. T o o TN A R—OREDREEBFEIEN S D~LER ST/ TH D (K A-14),
PWP E7 /L AEA LT ER TIIRIAFEROAD T 4 — RNy 712 Ko THREDKEIIINHE S T
D MORKDAT Ly RHP/NINE WS T —=H[EHRIZ L > THARIZRRGLD RN L TV D, £ TH
RIEOERIZE 5T, T o 7N OWEKE TER IN D BRORE IR A7 L OER L
TIEE A EZEITRL< . BRORKITIRE<EZHE L (K A-15),

Track
40N
Vib —— BST
35N - &5 —_— CT_L
30N - e PWP
25N - \:
20N 1

N
N ey

110E  120E 180E 14'0E 150E  160E 170

RA-14: B7 oYU ITINADN—IZETEERDPLAE,
RRIBBE, ERIBEKEEHE & LE-EROBR. FREPWP ETILEZEALE-EROBRETH D,
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D—10. ERET—FRUEI AT LADBEFMFHDEA

EoET — 2 [FUL Y 2T DTV THE, HIE AR ORREHORRZEL S B Ol L7 £ D72 oIz, B
TR L LU CEY R 2B A RITE S L CEIET 25808 DD, EEE, HARE X ETREZ
FFOWBRETH 2 AT ITEAAFRERNZENL 2 ENHD, 20T ENKAKEICEAT L1
NI AZg| S L, FHIPEICEKDPEEICETLTLEI AL AT U RAE T v IR ED
MEICBEEL TV EE2 b5, £ 2T, AR TIHKERA VN T U ADHEZX Y A8 &7 R
BOUCEICE T D720, 7 — 2[Ry AT LD E@ B R RIS @B RN 2 24 L 72 RICHOWN T
B,

2 TCIRBITEME T AR ER DO FEFE 1A Y AT TE (INoVA) 2T —Z Ak AT L E LT
B L, ZORGEMERRT/TCB W TERE - EOIEDS 0 2D Aafn B OFPBHNICH 5 2 & &2 HlS
& LCRR L., $RSRMEED O DN AT T 5T T ¢ B A MBI ST 2 5 Hikx & o7z,
ZOFHEIF 1990~2000 R ADHNOGT L ERBGOA 3T v ZTRKT DO E PO LKA
N9 % 72 DI FHM BB R 2 I 2 72 FIEOJER E B E 2 Hivd, T OFIETIXIR D I
FIZFR L TV DD, FoifER R4 8 L CHOZEEBIZ b HRIOZER KN, /T o AN & TRt iE
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DERLSINLD Z ERHIFFCE D, Fo, (R TETHE L SN TWEHMEZ 7 L ORI E LTH
WD BEROIBEIFIRAE 2 2 T2 KRR A 5 C O MBS EE I AE L I 5,

TERD JNoVA IZ K 55 (Ctrl) &iESEaRRI 2B A L7z JNoVA 1T & 2 FE8R (Test) DN HLLT
DZEPHLNTIR o7, £7, Ctrl TIHFEMERR DOWFE THR A ITH K L T o 72 fno~F- 1
T 4 BABUED Test Tlx+40/h S B2 2 HAVIBAIFLREES I S dviz, Fiz. T o« B oft
D REA IR DU SRR\ R B DI 2 RAE S 72 o T2, £ LT Test TiIR~T LT 4 iR
I Ctrl K VBN DO TIRENED THLHD G, HomIITE2 Ctrl KD HRES RS
Wb HoTe, DI, ENTNOEMMEREM R AL, SMEEET L CRHBREIEDL L, Test T
X, [EMEZERIH] (FT=0) |2 Ctrl KV BB RPTANC KR E WiE GRRED) BN RY T—&725 T, HO

s open e 200 4 HT

''''''''
.....

acls o) |-

T ;
1. 2. 3,

A-16 : 850hPa EODLLIE & kT ADBMERDE (Test-Ctrl) : &5 FI=0,

= - N
I A I . U - )
A-17 : BBITRZIIZ B 1T 551 SERIE/KE : £) @BITRE. k) Ctrl, H) Test,

FATICHE S U 5 B B 2 ICHURASIRIE S, TR B OATRAHAR DRI CRABICE & % 0 7
b BRETREZ] (F1=3) CHIUNHENE LI BN TR b B & FF S HCHO R LA (E22R) 2B
Sz (X A-16), FDFEH, AT 12 B SN5 X 512, UM L OB KEHR S E LT,

SRS ORRA D BEATEROBAI L ) A B2 5 5 BIRO USRI TE 5, 4% b0 B
KA A 7 VR L TR DD D TETH D,

O—11. BARENEZEBELLENEKICKD FY TS5 —RET—4 RIEDKET
IEOBINEAN O FIC XY | RROFEMARERE FF O RBRBUIT — 2R T LZ A KTHGLI
X TETND, — 7, BHERZEMBEORNEZ 1T U, BEERBEBNOT — % Rt TOig
FEE ML SNTE LT, BERKTHRICH T SR AIE ISR O T\ D, KBTI, mEE
BT — 2 ORMEFEOEE/ICHIT T, KBV —F—D Ky 77 — @ EIZHOWTHEZTT-
77
IR L — 2 —0 Ky 7T — @ BRI OBLHIRE AL B 2 KR ITBLZE A Y f##ir (Honda et al. 2005) (2
S ERYV AT L& FWT, Desroziers(2005) DFIEIZ XKD 2018 47 H 1~8 HOMFMHHEE L
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FREE L & BTN D Th 5, ReIFERIDIRIC & THRFM & & HITHINT DM 23 A b (KIK) |
BRI IBIANE R O P IME T BT 03 EN T HE AR O LA EN D,

R 77— OB S B 2 5 72 2 0BT AGA LT, ZORHRIZEB T DR E T~ 7= (K
W), J7Arfh 5.625 & - BhER Skm DORHGE CTEBICHAT T 28T — Z ZBLRIRA ZAH B8 4 4 U ClRb &
% & FfFS D DAEAD > THAid 2 5 CRIIBE I T LR R b, —F, BUHRRZEFER
EEETHE ZOBERA LYY Ay MIEMSIL, DEOFEM S E TRV 7o < MRHTIEIC SR X
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THAGE ] EDO 7= DIZIE, & HICHERK THMET VORI RICEI L FERNERE L 70D, [T
BIEA VIRATIZHS< 4D-Var & WMAUIFE T 2 Rz nicnnt 7 v K 4D-Var |2, Ry~
T —HEBHFREORFZ MBI 2@ A L, 2018 427 A 3 H 03-06UTC DFLIEL — & —D K v 77—
ZlEMb Liz, A7 VU v K4D-Var (K A-19(a)), 4D-Var (X A-19 (b)) & HiZ, £ 7 U AL hDIRH
— ORFFZBIITEGER S H OO, A T U v K 4AD-Var O F N X0 FEfi7effiE 2 F5hH . BT
— X OIEREBMERAZTMET VONT AL THHT 28 IINEWNZ E 2R LTV 5, £,
A-20 12, FLIR (@) . B OMIEE (b) L—H —D K v 7T —HEIZk}9 5 RMSE ORERSN AR, A v
X7 MIALIRTIE 6 REF TR, X0 TIOHIEE CTIL 8 Rl PHMRE £ TR L, "1 7 U » K 4D-
Var (3 Z OFFFHF TRV /NS W RMSE 252 T\ 5, E7, BUABEE~OKE (BLRIFFFME 10 20 (R
W) L6045y (RWE) DFE) 1. A 7 U v RAD-Var TE Y K&\, HREEICHENA~DRFE %
EBELTIzNAT Yy RAD-Var ICL Y, @EEBIIICE A "7 FEX VARSI EHLED Z En
HrEEh s,
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Desroziers, G., et al., 2005: Quart. J. Roy. Meteor. Soc., 131, 3385-3396.
Honda, Y., et al., 2005: Quart. J. Roy. Meteor. Soc., 131, 3465-3475.
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D—12. NHW-RPF # UL\ - ERIERZEDBHTE

CNETHBRIERT —Z ALY AT L THDHRIF 7 4 MVE ERETHF T VBT —4
by A7 & (NIM-RPF) ZBEZ L., BT AT A2 2 b—3 3 VEER (0SSE) Z17V, JINAEELE
DIET 7 APk L ZDOREPFIZ OV Tifgim L C & 7= (Kawabata and Ueno 2020), ASfa Tld, NHM-RPF
Fip = T HBNREZE OB EIC OV TR RS,

BUAREZEAIHEE L. Ueno and Nakamura (2016) (2 J % Adaptive R estimator (ARE) Z U NTu»
%o ARE [IAA AHMEEIZ K o T, Bl R BLHARRZIL 3 HATS R) Z#ET D HO T, H-HEMIC
Wishart A& E LTZBIEHEED R 2, 7o H v T LD LESiZ A, EM 7L X4
ICKDH VR LR DR R ZR T 271 TY AL Lo TND,

1000 A > X—DT YT I)VE VT 0SSE #9T7-7- (Kawabata and Ueno 2019), FDO#EHE.. [FMb
L22AWGE & T BEEICKT 5 RUSE SNz (FRA-D), E7GRFHS 100 DLEEZ RS,
BELIZ T ANE ) IPTRTIZ e ynol, 22T, ZOREREZ L LEEREZEZLND
ARE ODEZMWEZ DO DT, ARE 2D WEBRAZTT 572 (woARE), Z OE . A2kl 75T 10 12
FEENES LR DR D H DD 300 FRELIZEIE T 572 5427 filter collapse IZffao72 & 135 %
RUVERNE BT, LA L RISE thERITA L o7 (FA-D), ZDOZ &b, AREIFZ 42D K
DIWEEE LT ERFICAITOLREL LTI ™ol

CZTAREICE > THEEINTZ R OREIZRATHADL E, RERENID R, BRLE LT-HE
ERHELNATVD (KA-21), FMCRLS &0 B (u, v) ICKRELRZERRE O GROLER) . b
%, (1) OSSE TH X727 v # LARBHRRENRKE WT—Z & (2) B 1 HEEME BT — X DOEBKE
WHLE TH D Z e nhole, (1) 120 TE, BEDOKERT —FZELLIHEELTWD EF X,
2) IZONWTHLT7 A NZDOREWZHTZOTHDTHY . AREDFNEZRL TS, F7- QR IZKFZE
FICBEI L CWAEBIORE 27 —% (RO DFEET 22, ZHUIREELEORE L BENI S
HLDOT, TUrH U TNNDORAT Ly RISKE 58I & BEaktic LT s,

INHORFEMNG, AREITANCEEL TEBD, 201 237 MIREWZ R0 oT,

F A1 REMEZE LA LMEEICxTT 5 RMSE DEEE (%),

PT QV QR U A% A
ARE 21 24 14 17 25 18
woARE —29 —39 —55 —42 —49 | —61
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®—13. VELYDEHEERKEHEZ AL -RILEER

INETICB&FE ETEREOTHRIEEOM ELL VW EWY — ¥ 1 AOffRZ BIE L, LR
SR [OF DV 85 OEBMERBNT —# ORMEZ AW EBREITO, FIEOHIECIRA & el
T 5, T TIE, 20194 10 HICTFEROKRNEEZ 72 b LIZFHICOWT, @HERZEBEOT — ¥
Fb AT 570, BARHGICRI A & 72 & JTRRED BT O R 7 4 @i 3 2 . BE/KIB0 18 L2 5R &
DFETWT, BRI 2T 5 & I2E, BRSO T ETW D o0, BIHNTEI7ZBEK
DA T TV D (K A-22), REKGEBBNVEZ FET 2 &, BEAKIROMERCRLEDL D OO, R
RELSEDLGT | HYGEHIT R OB RO BRI b UE S e o 7o, BEKDNBEEIZIRE 5 DITKAR
BOMOBEETRNZ LIRBZ BV, BEARGH ZUET 572D IR EE O KARICED LT —
2 HETH D,
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@ BRERGBEXSTRLSZHRA~OEA (B8
CEETAMRWE. RBKE, TLAE. SRTRKPRF. SRT. WAL, KHXZ)

@—1. FRINETAZMERNRE L-EREBEER
iR 30 4 7 H B2/ TP B ARD RWEIFH CHKC LR BN RA Lz, 2 OZER CIERBITIINEKR
F U b RNBE T RIFHIEROFERDOATREMIC S L L TWD, L, iiKETR B D KEF IS T
DO LY EBWRBEDOERNLETH S, £ 2 TR TITMER LV & @RS E TRk 30 4F
7T AZENOFBEREITO, RGENSEROFHMEC G 2 D85,

FEROMIMIZ 201847 H 6 H 9KE (JST) 7 HHE T H 12 Ko 27 K] CHEFERZ1T O, 7 /M
A== a—4% ) (S LI RRTIERE 1T T 0 (MA-NEM) 2 W5, KPR B
5km, 2km, 500m &35, FEEX/ T A X VB — 3 VIIMUEE Skm OFEBRIZOZH G, BEE A%
— A3 Mellor-Yamada—Nakanishi-Niinolevel3 (MYNN) & . Deardroff (DD) Z %, EEAEEIIEE
JaiET /L (LFM) & [RIERD 3160 X 2600km & 2, HIHME « BEFUEIZIZKEGST A YV T 25 %,

A-23 IZJRBHfTE CROE— 27 ThHh-72 2018 47 H 6 H 21 B> 3 BRI E AR, XH o U
(RS K D AR E R & o 7- M A R, AT () Ci3 50mn DA O#RR 0 MK
B AR D ARAR 7> & ] L VR IR & TN T 5, DA ORI Tl 80~150mm O RS MIEMNT S L7z, fifts
BE 5km DFEBR (b) TILVUA DA O T 50mm L EOMAFHE SN TWDHN, RO RKRE X
FENTI R X 0 13580 o 72, FRAZEE 2km DOEER (c) TIXPUMA DTN D=5 < ST 50mm LA R
BBz, MG 500m OFEER (d) TiX, MUMAOFEBMIZIEIE 50mm 2L EOREIZE DL, T & &
Ll 7= If &2~ L7-, X A-24 1 Fraction Skill Score % V7245 EBR oDl A w4, EBEOXIL T
H6H 128025 7T HOROFERTHY . FTEOKIZT B ORND 12 ROFERTH D, B Skm &
2km DLEGHER (a) & (c), MHBEE 2km & 500m OHEGHER (b) & (d) Tl FBEREWERDO A
AT RRENoT, FBEOKE TEROR AT 5 & EBREIFNR 72513 EMBENmWERRD T3
Tox W tRWARaTERLT,

IHRHDOFERN LT NOEMMEEIC X > TR RSZROFEMENREL 25210 Tl TH
R 2 T L2 G B b AR Th 2 et 2 R LTz,
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@—2. Analysis and design of covariance inflation methods using inflation functions.

So far, we showed the existence of a unifying theory that encompasses all existing
covariance inflation (CI) methods under a framework of inflation functions, including the
diagonal LETKF (Duc et al. 2020a, 2020b). Given a vast space of potential inflation functions,
a natural question is how we can choose the optimal one. Here, we show how adaptive inflation
can be implemented in the context of inflation functions to estimate inflation functions on-—
the—fly from observations.

Estimation of prior inflation functions (PIF) is equivalent to estimation of background
error covariances G in observation space. However, the conventional CI methods confront a
difficult problem of how to convert G back to model space to calculate analysis increments
and perturbations, which is possible in very limited cases like multiplicative inflation.
The solution here is to make use of the equivalence between PIFs and inflation functions to
transplant the estimate PIF into its equivalent inflation function. Then analysis increments
and perturbations can be calculated using this inflation function. Maximum likelihood (ML)
estimation of three families of PIFs with two data assimilation systems show that this
approach works well and the adaptive methods can even beat a well-tuned CI method

Estimation of the inflation functions that do not have equivalent PIFs is more difficult
since we lack a theoretical guidance like Bayesian inference as in the cases of PIFs. Here
we propose that inflation functions can be estimated from the posterior innovation statistics

There are two facts supporting this estimation: (1) ML estimation of non—parametric PIFs
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leads back to the prior innovation statistics; and (2) the posterior innovation statistics
is an effective diagnostic tool in assessing performance of inflation functions. It is
interesting to find that ML estimates of non—parametric inflation functions yield analyses
and forecasts better than ML estimates of non—parametric PIFs. Figure A-25 shows weighted
RMSE of the deterministic forecasts of the NHM-LETKF experiments using the ML estimates of
PIFs and inflation functions against the aircraft observation for zonal winds (left) and
temperatures (right) at 850 hPa. The iterative solutions for the non—parametric PIF from the
EM algorithm with the maximum number of iterations ni=20 are plotted for reference. It is

worth noting that g,p;(y) (blue) distinctly shows better forecast skill than gy, (y) (red).

( Observation Evidence b Observation Evidence
a) Exp: Japan0Skm; Obs: Aircraft; Vanable: U850 ( ) Exp: J.lp.m()ﬁkm Obs: Aircraft; VerhIL T850
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Fig. A-25: Weighted RMSEs of the deterministic forecasts of the NHM-LETKF exper iments using the ML estimates
of PIFs and inflation functions. After Duc et al (2020c).
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Duc, L., K. Saito, and D. Hotta, 2020: An explanation for the diagonally predominant property
of the positive symmetric ensemble transform matrix. Journal of the Meteorological Society
of Japan, 98, 455-462.

Duc, L., K. Saito, and D. Hotta, 2020: Analysis and design of covariance inflation methods
using inflation functions. Part 1: Theoretical framework, Quarterly Journal of the Royal
Meteorological Society. (in press)

Duc, L., K. Saito, and D. Hotta, 2020: Analysis and design of covariance inflation methods
using inflation functions. Part 2: Adaptive inflation, Quarterly Journal of the Royal

Meteorological Society. (under review)

@-3. BRIZESFHERICKDIERAESTKBER IS VIR
BENS BARORENE EICH 50, RETRKWAES ZENH Y, LIFUIREEUZ L » TKRAKD BAD
L%a:@inﬁﬁ%%ﬂ@?}%‘é EWIOBBANEN D, WA TEH PRE LIEEINAEA L LTHALNTE
. B E OROGKESE L Z LD T E BRI TVW D, Saito (2019) (X, 2009 AEH A 18 H D
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@—4. BREZERRE L-SREERABEERNT S X T LOERMERED T
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Kﬁ@¢bﬁ%®EM&UWN%:E*X%@7&&~%?wh%ﬂbk£%@w§ﬁ®%ﬁokom
TIXEE 2kmbL B, #E 1200km LA EORLSIZ 20 53 Z L IZEE B O %D 5 % 5-2 7=,

$E@EMHVX?A®@ﬁ%ﬁfm\ENVXTA®£E_iéﬁﬁﬁ%ﬁ®%ﬁ®QM%ﬁH
LTI, kT 27 — % ZHERMBLIINCIRE LT\ 5, EHERIT OFSE 2 5Hli+ 572012, HH b
T — 2 DAL S ATV TEFEPEDS @ WA IT A Y AT IS k3 2 Wi i 5 1B U O 3 EEHIRGR 2
(RMSE) % #f§~~7=, NEW R % OLD B & [FERIC OSWaW%?%@LTmtOLﬂ L. BEPFET D
BRI, OLD FEBR Ttz K& < 720 RMSE 28 1. 5hPa i % 2hPa (2185 Z & b & - 7= DITx LT, NEW 5
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Fukui, S., T. Iwasaki, K. Saito, H. Seko, M. Kunii, 2018: A feasibility study on the high-
resolution regional reanalysis over Japan assimilating only conventional observations as

an alternative to the dynamical downscaling. J. Meteor. Soc. Japan, 96, 565-585.

@—5. HREZEREFLEMRE LT oYU TILHKTA

YK 23 AEDFE - 48 55 & k52 & L 72 4D ENVAR-NHM (Duc and Saito, 2017) |2 & %824k (1600)
T oYU TNVERE AT E LT R RAEYE X A~ DRAEZFER S FRITE 2002) 20Tl
WCHESEHHBED Y — FZ A L%t o> T, F L OBIKEHRAES ST UK IFRS SR O 20 B 2 g R
HINRT ZENTE Q) B DY — RZ A LA TIEMAR S LA THZ LIz A o3 —Z i ¢&
B0 LD RINCBT AAFFE A FEhE LTz, (DIZ DWW T, 1600 A 8 —IZ X 0 TRl S 7= 3t RETEA
T i BB & L A LD B S D13 Nash 4R80T 0.7 282, fIRHTRR ST & 5 FHE & D Nash-
Sutcliffe fR¥ & FFRE DETd o7z (1 A-29), (2) 12DV TiE, 1600 FHHLE & TU/KFHEIZA B4 D
TEANFEAET HHEREZFE L, B2 1E45% 12 R T 40% 28 O =R CHOKIHEI A B Y O AR H Y
R D WAL 90% LA BT/ &) Z L a2Rd Z LA TE (KA-30), MR D, BHEUKE)
SREAERMEL L R D ATREME N @V 2 L VRIBTE D, (DIZHOWTIE, RGN &H DL £ TO
Nash FREUZ LS T 1600 FHAEGEED B i 7e 50 A LV N—% T2 2 L 2RlAl, fRELT &
DIREAN 2 A =25 2 LITTE D0, iR A =T < ARG BRD O G272k
M2 IR 2 B ME S BTz,

I TREZS B ISz,

Kobayashi, K., L. Duc, APIP, T. Oizumi and K. Saito, 2020: Ensemble flood simulation for
a small dam catchment in Japan using nonhydrostatic model rainfalls. Part 2: Flood forecasting

using 1600 member 4D-EnVAR predicted rainfalls. Nat. Hazards Earth Syst. Sci. (in press)
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A-30 : ERERAENLKAHTEE B X 5ME (Kobayashi et al., 2020)

@—6. SPHEZAW:=Z=RxTXERI I aL—a VFEDORE

1) TARAHREBRESPHU I aL— 3 DHEREE, ﬁ/JETZ k

AV, EEREEORWE A - B - JEIC, FICERICE D EZONTZAKBINDY | mik @J
PEE2LBREMAE LCEECTHRREZT T2 2 S IcL 0 RERBENZRE L, HaitmaEtkEic
72D IR OBRRHICIB W TR R ERHEELZ -6 L, LIXLITEER EE2BET S, (EkixA 1 7
— 7 FRRERIC XK D ZIRTEMNT N EIRTH S 72070, ZIRICET I L DT H W < 20T T
Wb, TAMITIEFHER THDLZ &, REKENPELTDHI L, 2OVl RS L7, 47—
REETERLS, Z7 70T UHRFIENEY CTH D EF A 1XE %, SPH (smoothed particle
hydrodynamics) K f{£EZ FHWN T, MEMENET DU Z 5> Z LN TE 5 =kt SPH =2 — ROBAFEIZ
A LTz, £ L TARa— REHWT, ETREA RGBT A MR EZIT o7z, 20 113, ARk
BTOEREVI2L—2arOliEThsd (A3, ZRbickhyIalb—rvara— ROy
PR LT,
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B A-31: EFEAREREE. AF=ZRT SPHEARVIaL—2a VORT, RENZROD—T, FA
K, RENTEZRL TS, TAREREEZAVEERRICEY, ZRTSPHEHERYIaL—V 3
VOEBRK, BEORTORAE TR LT,

2) KB 2014 FEMKETCOLIARSIaL—ay

WEE & 72 BAWROFELAIT 5 72DI2, 2014 I AW AFEA L TR R O g o i & L7 — 4
ERDIAKR, EARY I 2 b—va v a2freolz (KA-32),

WIS, Hydro—debris 2D model (Yamashiki et al, 2017) THUFAKGZAY, &5 BEE (2. 9m)
VI EOfEIC IR, KB T ARRE L, K272, 0 0% OHA L, BEIC AT - EEO
LD ERNER S TEBY ., 7.5 0%OGE T EARARRMEZ 72 L, T b EBICERHIE & 72
STZRER EER D NEVEREHF O (DF Y, ZLOBEHITBNT, YIalb—raildo
CTHAFGESZFBT 5 2 LN TEx7), AFRICLY , AMEEOEECHS, KD VI 2l — 3
VERFID VI al—yva ryEMAETHIENTE, R 2D LR 3D ONA Ty RRER LY
ML L7z, ZAULTARORRFRA~EER L3 Ea— R R DR H D,

BB, RV ab— g IONT, A LR 3 RS TS LT,

23 ik
Yamashiki, Y. A., Sato, H., Kuroki, R., Miyamoto, H., & Hemmi, R., 2017: Hydrological Process
of Martian Surface in Hesperian epoch. AGUFM, 2017, IN43D-0103.
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BA-32: ghTh, £, 09, 2.5 9%, 5
DRI SDBROREERLTEY., AL LS
LRE-BEE. BIFGRHENCHH, £
FOFRVEENERICEERNE S -5, X
hoFkEMEE. FREE. REeFEEEEAEN,
V32— a3 v TERERMNMEES B OGEE. K
Ah HMEE, EATRN SMHEE,
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Q@ HEMREERETAETILOMRLBEERZOHBEHAR (BEI)
(RERXZXRIJBEVER. BEMERAREEE. BLEWER. SRTIEWRF. [RT.
RERZE. BHEXF)

Q@—1. HEMRDBEKRATLICHE S THRELE-EEOHE I 2L— a3
EHRLZFEESED MY AT JMIRE 5T, HHARA— =t VR HERROBK S AT L
(Quasi-linear convective system ; QLCS). FEARA—/S—%HID 3 DIHFEEND (Agee, 2014),

KETIX, BEDELNA— =B /NI K-> THAET L, QLCS IZHEH EED 18WEEIAET 5 FHN
W ATV D (Trapp, 2005), HARIZIBWT S, QLCS ITfE- THEENE A AT L0, £ OFEM 72 FF
BT A O BRI+ TIEARV, £ 2T, 1992 4E 12 H 8 HIZ QLCS 1T~ TRAE LZEE D, K
GUTIEFR )T TV (JMANHM; Saito et al., 2006) (ZX DHHERZ A— R—arEa—F [ %
HWTIT-o7z,

AWFFETIL, —ZSMUD BNEIZ A AR EE S 15km, 2km, 350m, 50m DHGMIZ 4 HRAT 47 L
EEY R a b —va rET o, RVRRE 50m OEfEY I 2 L—a XY QLS NEBICE S
ERBLT S Z L Lz (K A-33b), #0356 ET 2 BN & B 500m T ICHEAS 1-2km FREE D~ A
YA 7 v AT DR AR S, TOET TRV EFRAE L, EOROEEDREEICTH L
TWEZ EBNRBREIND, £To, ZO~A VA 70 ORI, A== LD AP A 7
WE->TROND K72, 7 v 7 IRDOBKY AT AOREN R 57z (¥ A-33a), FEHL SN ®R0Mm
EREIIRRTHO0.7 s THY ., ZOmEEIIMHE) HARBEHIT4T m s Thotz,

B BRI EEDY 28 THEEBOREICHES L TV I EWRBEIND A YA 7 a r OERKENS
BROBERZYP LT D720, 77T 02 aBIRIEER DN 24T > Te, ~A VA 7 m AATkhi
2 SR ELIMEE 2 BV BHE e PR 112 1600 ORI+ 2 5% & L. % BT 12 K - CTPHI#RIZI © 78
BROWFRZ (b ~T2, 22T, B0 & 9K DO IEHEAS 50m BEAL 725G 12IE, £ OHRITK T 212 T

W5, £72. %C(t)=—gﬁ%p+gﬁF-dl DOAN 7 PHEIARIZIS » THE S Lo O 2 R 5 s fg sy L
(a) )
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A-33: S0m B EDHIEL S 2 L—a v THEIN: @QBKIRTLE b)) ES, (a) 500mEED
RKEAL (g kg, b)EE M DIEBRE (s, BEASTE (FEH; hPa). SE 30m DKFERE
R ML (ms™)
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TEER I T DEERORN R L BB ROF 52/ ~T-, 22T, CIIERTH ., A0 1 THITETEHE,
52 THITBEERIE 2 KT, WEBRMITORR., ~ A VA4 7 o of@iix, \BEGORIIESHRTHD Z
LMD oTe, —H BEOFIIERZWT 2 FIAER L, HERIIEROZE(IZIZEAETE L
TWiehpoTe, £, WBMRIZIE - T2IRE DN T 21T o7& 2 A, A M—LH[E O inflow FEIKIZ
BT OEE ST —IZfE D AKRERER LS BT S, BRI E > TEHREIZS SIS s 2 & THE
TRERTRIL S LTV,

FTo, mENBAET LA O O BT OIS, « KRG ORRIF R Z T2 & 2 A, A AE
ERNZ, MBI TEWZER Z A D %1 D DA 71— (Rear inflow jet; RIJ) 235RE - Tu /e,
Z O RIJ 12> TZEDOARITIIAE S 7 —ITE O RREMIE R b S CTnie, ®&RIZZ O RIJ O
AEMEEEL THRAEL TRV | EAEOFAEICRI] PEERERIZ R L TWeZ LR End, £z,
BRIEATIC X > CEBRORSEMHEROBIREZ 2L 2 A, BEOIFRO LORREFERIC L D Bl
POREITREO RS IER L TWnWD Z LibhoT,

235 3CHK

Agee, E. M., 2014: A revised tornado definition and changes in tornado taxonomy. Wea. Forecast.,
29, 1256-1258.

Trapp, 2005: Tornadoes from squall lines and bow echoes. Part I: Climatological distribution.
Wea. Forecast., 20, 23-34.

Saito, K. et al., 2006: The operational JMA nonhydrostatic mesoscale model. Mon. Wea. Rev.,
134, 1266-1298.

S

®—2. EHRHERT—ILOEBET S VI REZLHTA-ODRBFEEICLS/INZAF)E—2avE
EJOE

AERPETIE, BEXSEET VERREELL, RARENEOIIEEL HHREHRET 57—
VT 4 e 2 b— g V(LES) NEN STV D, MR EAAT OELE S O A S — v id iR D>
O OB BT 2720, BT Ve FIELLT O E O HEE fUg O ELiMEEIL, 72& %2 LES Th->T
LG T X 2o\, MK & KADET ECAORZMN 2 SNAEE/R T 0w A ThH L5720, fil S S
TALZNVE—=2a VEEBATDOINERD D, BUERRET VBRHERRMA LI RT A2 ) E— a3 %
JEUHSCEIRD LA VRN (7 % TAEE)) 12D & | fifME TE RV A — L O L Oz X
LIEEET T v 7 AW D, LES IIIERDRRET VL VIRBEE D m < . RIS D ZEB) DRFZEH
A=)V N2, LA VI AR LSRR, TDOX I REE. XTI AZ V= a v DFE
LT LS INEEIZ 22 5,

AW TIE, B A 7 — AV OETE T T v 7 ZADT AZ VP — g U 2EBEEIC L R
F 5 A HEME 2 VR o 7o, REGMIFTEET O KRB RN F\NTHRIE L 7=, s 2> R R O il D R Y| %2 2
BT 2 KPR u & FREFTE w & L— = JisEHI K D 200Hz CHIE L7z, 2 10 Bl 5r ORERFIIE,
—HD By 77 =% ThY, ZhEEHT 2, 2025 9FEZHMT—%. 1EIExRGEHT —# &
T, WMBAZRERH A 77— & LT 1 ROREE 7 4 V2 —%Z 03T 7o, BEHOKRERS] 100 27 > 745
EANNEL, EHBETT v AT T 4 —T =a—T %y FU—7 (QREEETT ) R
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ERAE LT, BGEEHT —ZIZOW T IERDNTF A X VB =g v ERBEFEHET VIC K 228 & ik
L7z, WERDNRTAZ Y B—v 3 L DBWNEFEHE AOMBEZ R L TR, ﬁu\ﬂ#ﬁﬁx Ar—)L DIE
BET T v/ AW £ TE RNV R0, (KMA-3574), —FH, BEFEET ML 52
Wrd, 1 XN IEMERBZE 2 EE LTS (A-354), 2%, 3TFEHDB] A4 O—kREUEH DR R4 7H
THH, TNETIWENESICE &S ML EiE L-%, 8 O7=dIcFA L,
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PERTFVERFE DILETIIWNEE RS, By /T —% | ZEREFEE L ETANNRTRAE T4 XF
B LTHITHAZ LA RLTE, BEKEETTNLAONRTAZ )P — a2 LTCHATAEDIC,
KV DT — % Ol L REFEET VORFO TRBVLETH S,

R®—3. ENHMIOLRZMBETIEERRIES I 2L—2 a3 ETILOMKE

A2 U CHRARMICBAET D EBBEEIIE W T AR R EWEREED OMEROREY AT &
ICEETHDH, BREEORECHEICITIEMIHBENSEERERD 1 D TH D, EROBIHMEEHR
CIEE TR & RE SN TE 2, LA L, MR EE T2 W2 56. I8 5 2R
R IR BT 2 ONCEITEYI TRV, Matsuda et al. (2012) i 2 B2 & B LT- 3 T niET
FUBIRITTET V) ZBHEE L, ELIRIRICEE O BRIOEE DS B REIC 5 2 5 84 3% Uiz, ABFZE Tl
WHEDET L ERICL THEMEEZ MG L L2 L0 BRI EHRZ2ITHY) 20 TEHET L
NEPERT D, AFEIIFE LT 3 WO R R Z W T, A HICEET 22 L TEREOL
SRS EOREIRIE WV E U D DO i7=, Onishi et al. (2011) & Matsuda et al. (2012)1XEJEWN
ORISR T D i e 7 77 P T v EY I 2 b—H EHNWDH 2 &L TRE Lz, 185138
BRE~DIKGENEFRTNNTRA—HTCHATAT—~ AT BRI —ICES LA I VIR A N
— 7 A N 67360 & 0.1—8.0 DRI TEL S BT FEREATV, I MDT —F _X—R %2 fE
R LTeo AR TIRZ DT —Z X—=ZANBFHE S DRI 5 18 7 — AT OWTENE NI ER
BAITo 72, MENCOEFAE S THER L2 3D BEF /L & & BICHID -0 1 IRIEATERE T v
ERSHEETE TV (1 IRTTET L) OFERZX A-36 (R8T, 3 RICETAOFMERIT 1 RTET NV THE
L7 & K<EITWD (M A-36 /6), Ll EMIC R 2 & (BA-36 £9) . 3IRITET /MK LT 1R
JCET U, IR i ADEM, SO R &R A R L TV D, FRICEHE BV E L CHEEED
HE EHBEDLOBRIGN R > TWD 2 ENET oD, T7205 3 RTET /VORR TIXEENLOH
AL, BEDEOEIE WD LTW5D, ZDOZ LIiE, @S2 & BT 5 2 L TN ERk &
DI ERRT D20 EDICRERBEBOPELDZEEZRL TS, FIZ, ZhHD 1 RILETALED
T ERPIHFNEL DI N THRIEHIICKREL 25 2 L bbh b,

0.02
' h_, ' ' ' ' | 0015 - ' ' " Reflectance |
' Transmittance
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06 1 | 0.005 F ,_ Transmittance(Direct) .
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= . ,-- K
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A-36: EVTAIDETHESN-REBORAZIFE. (EE)1 RTETLEIRTETILORREZNTNRERT
Y. ER)IRTETILD I RATETANGDEERT, KR 1. Tum ZAVHER (KRBOBERELTIILA FIX0.79, 3
EAMEFE0.91 [CHE) . SREETLHEXS TSI VOTUEL I A L— 2 THRONEZEFMSHFEAVTITL., 1 Xt
ETIHEFZTORBOAZHES, BEELTILR K, FEAKEFERAVTIT o1
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EiLia

SRITE VT HNOERERED—RE T 7T PT UV EV I 2 L= X DT —4% . 11k
JCE VT F Y R EAT IR U AR = — RIXZ 02 AV 0 B S A Ok F S B b & R g et
FAL KR FZBLERZFER OSB82t L CTAEW =, 3 o — Fo@msbic i (1) m g
BEHEHANFTE R O R &= T 1=,

25 3k

Matsuda, K., R. Onishi, R. Kurose, and S. Komori, 2012: Turbulence effect on cloud
radiation. Phys. Rev. Lett., doi:10.1103/PhysRevLett. 108.224502.

Onishi, R., Y. Baba, and K. Takahashi, 2011; Large—scale forcing with less communication in
finite—difference simulations of stationary isotropic turbulence. J. Comp. phys., 230

4088-4099.

Q®—4. ERBEIRXRTRIEBEHEEETILOMK

B v VT =2 2 G0BINT — 2 ZHNTA Y R — V8% % X0 BENICHERT 5 BIEERD
FH 2T IO, RIR, WEERECTH 5 LIRS TV D B RGRE O TRINCE B Lz, THIE
[CRE 2B S RFT SRR EFHEEHO—2 L LT, BT — 20 bRl ShTnd TR
(2 X o THRICA T 2 EECKIEZ L] #I0 AN KRWBE-ESET AV EREL, ZOET LY
B A L VBREMCHE TE 52 L 2R L, BANARRENEOFEMEZ UL FIORT,

BRGRE O FHNIEARE L CTHRERETH D LI TWD, 208 E LT, fROT=RLF
—RDBEEFN CEE 2B 2 BT 20ICEMGEET NVRMNE LR D2 L RARET /VEIRT
XA EGERER S KRME T L CHRRBIH 54— vy « 74— KNy 7 RN FIH S Ly
ZlRERFETFOND, IO OREERT D=0, Tto et al. (2015) TiX, K[EITIHFHFIIFRR
T7VNIMIZERE | IRTTHERABET VEMAE LIV AT 22B% L, [ ara—2E 0
KRB BRI L > T, REGRETHMEENAZ LI EDONDLZ EEHLNI L,

LrL, BEREFICO- WBIHT L2562, =7 v B LIRS 3 ROk 7K Ok
THWHAEMET T 2720, A= vy« 70— Ky 7 0 IEME 1 KooT 7T /L Tl S
NTLEHEEZ5N TV (Yablonsky and Ginis, 2009), F7-. Bl X 512 3 R /158 &
S CHEFF STV DO H S D K 5 IKEDSEWEIRICENE 1 RulRAEET AV ZEMAT 5 2
EXHFE VY TIEAR,

Z 2T, AT, RIEEEEOMAERZ L0 BBICHERET 5 <, NIM & ZRTilEEE TV
MRI. COM Z 56 L7- @i 3 It KRR BT T VOB EZED TE 12, fiE T AT LOMEITY
7o Tik, 7 v 77 JCUP(Arakawa et al. 2011) ZH\NC, WEHIIS ST « S KU - RIHE - EEEMBEEL
7Ty 7 A HIRKR - K ERKQET ADOWHEETT VI 2 WHEET VI X 05672 KiR
ERK[ETND FIERFEME L TEZTWD, EREERETI, 7'm M A TR R B> T
D, SEEIIV AT AOS L 5 0WE MBI E BENREREERE Y I 2L —va & o7,

BENREME Y R 2 b— 3 Y OFERIZH = > TE, PRICKRE 2KEE 720 Lz 2018 FFRASE
24 BEHA—F v e Lic, RKRETNV WEET NV E S, HKEEEIZA VY MVIKIEE L, K
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FRHRRIERAE 7 /L T 2. bkm (ERYEREEE 20N (236U 0) | MHEET /LT 0. 05 B, HIHIREZIIE 2018 4 9
H 22 H 00UTC & L7e, BfERHR OFE S, REHEOET /L CTIEE R ORE 4% S TH Y | 900hPa
FEEE T OB 2 T L T 72208 (GEBRIE 950hPa filf:) . RAMBEREAE T /L CIEBLEIZIT W & R
EAZFELL Tz, 2018 R 24 SRR O FIl2V 25 9 A 25 H22H 27 BIZNT T, FEFITWD
S VBBEIL T, EmEAKEAETH AR T2 IR KR TR TCIRFLTW e (X A-37), 2
D ENSAEEET A TIEERERICEI KR T A —T Y v 7 ¢ — RNy 7 REUICHE S
B ZLND,

1000 F SST
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980 |
© [
O 960
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B A-37: k) 2018 FRRAE 24 5DHLRE, BHNREFTRA M IV, FBVAKERET IV, ENRKBERKESTE
T, BAMERBRAICEIVEONETHS, (A) BEETILEAVTHE SN 27 BOOUTCIZEIT5BEKEDS
i, BRBLRIEEEADHPLLEDNIERL TS,

25 3Lk

Arakawa, T., H. Yoshimura, F. Saito, K. Ogochi, 2011: Data exchange algorithm and software
design of KAKUSHIN coupler Jcup. Proceedings of the International Conference on
Computational Science, ICCS 2011, Nanyang Technological University, Singapore, 1-3 June,
2011

Ito, K., T. Kuroda, K. Saito and A. Wada, 2015: Forecasting a large number of tropical cyclone
intensities around Japan using a high-resolution atmosphere—ocean coupled model, Wea.
Fore., 30(3), 793-808, doi:10.1175/WAF-D-14-00034. 1.

Yablonsky, R., and I. Ginis, 2009: Limitation of one—dimensional ocean models for coupled hurricane-ocean

model forecasts. Mon. Wea. Rev., 137, 4410-4419, doi:10.1175/ 2009MWR2863. 1.
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@ [ET—EIA VI RHHMERBIT A TAICKSEELAILEE (BE4

@—1. 2012 F D<K XBEIZB T 2BEMOHWKHTE L ZEROH

AAEFE | IVEAEE £ CICBHIE L7 A2 BT S A T L% 2012 455 < (THEE T o028 R 3451 |2 36k
L. BEEDIRAE LT FEREORABERZH NI LT,

ETREHH kwT%%ntmw < fFAG L 10m 0O NHM &7 /L OFEMT FEI 5 U C RS - T
(2 BB RS 2 AN B 72012, NIM 5 /L Ofif & A T2 A fRdT 2 3206 L. BCM-LES OfiEt <
[AYY)EIESEN Fﬁ*#%ﬁﬁbtozf BCOM-LES % J&fifi L. #EMJE v DR - 15 O %
BBz L, EEFITHET DD ©— 7 Rtk L g EOR AT 258 51T- 72,

X A-38 TSI I 1T AIHTIC L » TE Do i RBRE G (3 F0-8)) & o R IR T &
(1 ) O3HTH D, MEMEIZ DN TUET TR ER DU EE DS < JRIEHKE T 7 DRSS
ThY ., EHET - OB EToTe, ZTORE, MEGKKET 7 4, 5 OWEFEIERTDH L. G
BECTHZNZNOREM (T5m/s, 65m/s) OFIZETE OWENIET 22 L. FLhbA LEE
MEIZB W TRFTINCEEA E < R > TWAEIT T, EBRICHENREL TWD Z ERHRIND, £
TZENBE T D ARICAE B4 5 &, 55hPa DL EDAEN R L, 80hPa Zi#R 2 5 M ANWHRRIICIEAE L T
WDl BEEOFLATEE L, EEOFLLUSNTE, BREIMIORMBLCS~ELND X O ICAJEHE
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W T —% (161 27 > 7)) \ZHESEEREH M OMEZF M L7z 5 2 C, Snapshot POD {EZ#H L, &
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Kawabata, T., and G. Ueno, 2020: Non—Gaussian Probability Densities of Convection
Initiation and Development Investigated Using a Particle Filter with a Storm—Scale
Numerical Weather Prediction Model. Mon. Wea. Rev., 148, 3-20,
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Kotsuki, S. (RIKEN), K. Kurosawa (RIKEN), S. Otsuka(RIKEN), K. Terasaki (RIKEN), and T.
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T. (RIKEN/JAMSTEC/UMD), 2020: Data assimilation for climate research: Model parameter
estimation of large - scale condensation scheme. Journal of Geophysical Research:
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Saito, K. (AORI), 2019: On the northward ageostrophic winds associated with a tropical
cyclone. SOLA, 15, 222-227, https://doi.org/10.2151/sola. 2019-040

Duc, L. (JAMSTEC), K. Saito(AORI) and D. Hotta(MRI), 2020: An explanation for the diagonally
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Tao T. (Tokyo Tech.), T. Tamura (Tokyo Tech.): Numerical Study of the 6 May 2012 Tsukuba
Supercell Tornado: Vorticity Sources Responsible for Tornadogenesis, Monthly Weather
Review (In press)

Cao Y. (Tokyo Tech.) and T. Tamura(Tokyo tech.): Large—eddy simulation study of Reynolds
number effects on the flow around a wall-mounted hemisphere in a boundary layer, Physics
of Fluids (Accepted)

Cao Y. (Tokyo Tech.), T. Tamura (Tokyo Tech.), H. Kawai(Tokyo Tech.): Spanwise resolution
requirements for the simulation of high—Reynolds—number flows past a square cylinder,
Computers & Fluids, 96, 104320, 2020
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Kawaguchi M. (Tokyo Tech.), T. Tamura (Tokyo Tech.),H. Kawai(Tokyo Tech.): Analysis of
tornado and near—ground turbulence using a hybrid meteorological model/engineering LES
method, International Journal of Heat and Fluid Flow, 80, 108464, 2019

Uchibori K. (Tokyo Tech.), T. Tamura(Tokyo Tech.), LES study on aerodynamics of auto—
rotating square flat plate by IBM and SAMR, Journal of Fluids and Structures, 89, 108-
122, 2019.8

Yanase, W. (MRI) and H. Niino (AORI), 2019: Parameter sweep experiments on a spectrum of
cyclones with diabatic and baroclinic processes. J. Atmos. Sci., 76, 1917-1935

Ito, J. (AORI), H. Niino (AORI), and K. Yoshino: Large Eddy Simulation on Horizontal
Convective Rolls that Caused an Aircraft Accident during its Landing at Narita Airport
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3D debris flow simulations by using smoothed particle hydrodynamics (SPH) method
Ueta (Kyoto Uni.), Hosono (JAMSTEC) and Yamashiki (Kyoto Uni.), JPGU2019, Makuhari
What is the source of chaos in MCS?, Kawabata, T. (MRI) and G. Ueno (ISM), EMS2019,
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Copenhagen, Denmark

What is the source of chaos in MCS?, Kawabata, T. (MRI) and G. Ueno (ISM), ICMCS-XII, Naha,
Japan

On Non—Gaussian Probability Densities on Convection Initiation and Development using a
Particle Filter with a Storm—Scale Numerical Weather Prediction Model, Kawabata, T. (MRI)
and G. Ueno (ISM), International Symposium on Data Assimilation 2019, Kobe, Japan

Model Parameter Estimation with Data Assimilation using NICAM-LETKF, Kotsuki S. (RIKEN),
Sato Y. (U of Hokkaido/ RIKEN), Terasaki K. (RIKEN), Yashiro H. (NIES/RIKEN), Tomita
H. (RIKEN), Satoh M. (U of Tokyo) and Miyoshi T. (RIKEN), JpGU Meeting 2019, Chiba, 29 May
2019 (Invited)

Big data assimilation: A new science for weather prediction and beyond, Takemasa
Miyoshi (RIKEN), 14TH INTERNATIONAL EnKF WORKSHOP IN VOSS, VOSS, NORWAY, 4 June 2019
(Invited)

Big Data Assimilation: A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), Seminar, DWD, Frankfurt, Germany, 13 June 2019 (Invited)

Big Data Assimilation: A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), Seminar, LMU, Munich, Germany, 17 June 2019 (Invited)

HPC challenges in numerical climate simulation and weather prediction, Takemasa
Miyoshi (RIKEN), INTERNATIONAL HPC SUMMER SCHOOL 2019, Kobe, Japan, 1- July 2019 (Invited)

Advancing data assimilation as a science hub: from weather forecasting and beyond, Takemasa
Miyoshi (RIKEN), ICIAM2019, Valencia, Spain, 17 July 2019 (Invited)

Invited talk, Takemasa Miyoshi (RIKEN), 6th CREST ”Big Data Application” Camp for
Researchers, Kanagawa, Japan, 26 September 2019 (Invited)

Big Data Assimilation Incorporating Deep Learning with Phased Array Radar Data and
Numerical Weather Prediction, Takemasa Miyoshi(RIKEN), BDEC2 San Diego, San Diego, USA,
16 October 2019 (Invited)

Big Data Assimilation: 30-second-update Weather Forecasting and Perspectives toward DA-AI
Integration, Big Data, Takemasa Miyoshi(RIKEN), Data Assimilation and Uncertainty
Quantification, Paris, France, 12 November 2019 (Invited)

Big Data Assimilation:A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), seminar, Taipei, Taiwan, 27 November 2019 (Invited)

Big Data Assimilation:A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), seminar, Taipei, Taiwan, 28 November 2019 (Invited)

Big Data Assimilation:A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), seminar, Taoyuan City, Taiwan, 27 November 2019 (Invited)

Overview of the rapid-update weather forecasting with the phased—array weather radar,
Otsuka, S. (RIKEN) and T. Miyoshi (RIKEN), 6th KNU CARE Workshop on Phase array radar and
Nowcasting, Daegu, 5 Dec 2019 (Invited)

66



VIR A SRR EER KT L E LIRS < R AR KRB S

Big Data Assimilation: Past 5 Years and Perspectives for the Future, Takemasa
Miyoshi (RIKEN), EGU2019, Vienna, Austria, 8 April 2019——Enhancing Data Assimilation of
GPM Observations: Past 6 Years and Future Plans, Takemasa Miyoshi (RIKEN), EGU2019, Vienna,
Austria, 9 April 2019

Big Data Assimilation: A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), Japan — Israel meeting, Otsu, Japan, 14 April 2019

Improving the observation operator for Phased Array Weather Radar in the SCALE-LETKF system,
Amemiya, A. (RIKEN), T. Honda (RIKEN), and T. Miyoshi (RIKEN), JpGU meeting 2019, Chiba,
Japan, 29 May 2019

Data assimilation and forecast experiments for the record-breaking rainfall event in Japan
in July 2018 with NICAM-LETKF at 112-km and 28-km resolution, Koji Terasaki (RIKEN) and
Takemasa Miyoshi (RIKEN), JpGU, Chiba, Japan, 29 May 2019

Regional atmospheric data assimilation coupled with an ocean mixed layer model: a case of
typhoon Soudelor (2015), Takatama, K. (RIKEN), T. Honda (RIKEN), T. Miyoshi (RIKEN), JpGU,
Chiba, Japan, 29 May 2019

Ensemble-Based Data Assimilation of GPM/DPR Reflectivity into the Nonhydrostatic
Icosahedral Atmospheric Model NICAM, Kotsuki S. (RIKEN), Terasaki K. (RIKEN), and Miyoshi
T. (RIKEN), JpGU, Chiba, Japan, 30 May 2019

Big Data Assimilation: Past 5 Years and Perspectives for the Future, Takemasa
Miyoshi (RIKEN), AOGS, Singapore, 30 July 2019

Enhancing Data Assimilation of GPM Observations: Past 6 Years and Future Plans, Takemasa
Miyoshi (RIKEN), AOGS, Singapore, 2 August 2019

Big Data Assimilation: A New Science for Weather Prediction and Beyond, Takemasa
Miyoshi (RIKEN), Seminar, Buenos Aires, Argentina, 26 August 2019

Big Data Assimilation: Past 6 Years and Future Plans, Takemasa Miyoshi(RIKEN), 39th
International Conference on Radar Meteorology, A, Nara, Japan, 17 September 2019

Impact assessment of Next Generation Rainfall Measuring Satellite on NWP: An Observation
System Simulation Experiment for a typhoon case, Okazaki, A. (RIKEN), Honda, T. (RIKEN),
Kotsuki, S. (RIKEN), Taylor, J. (RIKEN), Miyoshi, T. (RIKEN), 39th International Conference
on Radar Meteorology, Nara, Japan, 19 September 2019

Big Data Assimilation and AI Creating New Development in Real-time Weather Prediction
Takemasa Miyoshi (RIKEN), CREST Symposium on Big Data Application, Tokyo, Japan, 25
September 2019

Exploring the potential of assimilating three—dimensional lightning discharge observations
with an ensemble Kalman filter, Honda, T. (RIKEN), Y. Sato(U of Hokkaido/RIKEN), T.
Miyoshi (RIKEN), European Conferences on Severe Storms (ECSS), Krakow, Poland, 7 November
2019

Local Particle Filter Implemented with Minor Modifications to the LETKF Code, Takemasa
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Miyoshi (RIKEN), AGU100 FALL MEETING, San Francisco, USA, 9 December 2019

Big Data Assimilation Incorporating Deep Learning with Phased Array Radar Data and
Numerical Weather Prediction, Takemsasa Miyoshi(RIKEN), AGU100 FALL MEETING, San
Francisco, USA, 10 December 2019

Forecasting a large number of tropical cyclone intensities using a high-resolution
atmosphere—ocean coupled model, Ito, K. (U. Ryukyus), International Workshop on Tropical
Cyclone—Ocean Interaction in the Northwest Pacific (TCOI 2019), Jeju, Korea, 19 June
2019 (invited)

Analysis and forecast using dropsonde data from inner—core region of tropical cyclones
obtained during the aircraft missions of T-PARCII, Ito, K. (U. Ryukyus), H. Yamada (U.
Ryukyus), M. Yamaguchi (MRI), T. Nakazawa(MRI), N. Nagahama (MEISEI Electric), K
Shimizu(MEISEI Electric), T. Ohigashi MIED), T. Shinoda(Nagoya U.), K. Tsuboki(Nagoya
U.), Observational campaigns for better weather forecasts, Reading, UK, 11 June 2019

Potential Downstream Influence of PRECIP/TAHOPE/T-PARCII on Predicting Heavy Rainfall
Events in Kyushu Region, Ito, K. (U. Ryukyus), severe weather and TAHOPE planning workshop,
Taipei, 14 October 2019

Development of System for Long—term High-resolution Regional Reanalysis Covering Japan, S.
Fukui (Tohoku U.), T. Iwasakki (Tohoku U.), K. Saito (JMBSC/U. Tokyo/MRI),  H.
Seko (MRI/JAMSTEC), AGU Fall Meeting 2019, San Francisco, 10 December 2019

Heavy rainfall in Central Vietnam in 2018 and recommendations on the orientation for
improving forecasting quality in Vietnam, Saito, K. (AORI/JMBSC). Workshop on Integrating
the hydro—meteorology system and orienting the development of improving forecast quality
in Vietnam, Hanoi, 10 April 2019 (invited)

Ultra—high resolution numerical weather prediction with a large domain and size dependency
of simulated convective cores on model resolutions, Saito, K. (AORI), T. Oizumi (JAMSTEC),
L. Duc (JAMSTEC), and J. Ito(AORI), International Workshop on Next—Generation NWP Models:
Verification and Predictablity, Jeju, 22 May 2019, (invited)

Heavy rainfall event in middle Viet Nam on 8-9 December 2018 and current QPE/QPF at VNMHA,
Saito, K. (AORI/JMBSC), L. Duc(JAMSTEC), D.D. Tien(VNMHA) and M.K. Hung(VNMHA), Japan
Geoscience Union Meeting 2019 (JPGU2019), Makuhari, May 26 2019, (invited)

Mesoscale—to-LES Modeling of the Sea—Breeze Front over Coastal Cities, Chen, G. (SYSU), K.
Saito(AORI), H. Iwai(NICT), S. Ishii(NICT), H. Seko(MRI), W. Sha(Tohoku Univ.), and T.
Iwasaki (Tohoku Univ.), 18th Conference on Mesoscale Processes, Savannah, 31 July 2019.

LETKF perturbations by ensemble transform in a cloud resolving model, Saito, K. (AORI), L.
Duc (JAMSTEC), and T. Matsunobu (Tsukuba Univ.), International Workshop on Prediction skill
of extreme Precipitation events and tropical cyclones: Present status and future Prospect
(IP4), Pune, 25 November 2019, (invited)

Analysis and design of covariance inflation methods using spectral transformations, Duc
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L. (JAMSTEC), K. Saito(AORI) and D. Hotta(MRI), 100th AMS Annual Meeting, Boston, 14
January 2020.

Big Data Assimilation: Real-Time Workflow for 30-Second-Update Forecasting and Perspectives
Toward DA-AI Integration, Takemasa Miyoshi (RIKEN), AMS 100th Annual Meeting, Boston, USA,
13 Jan 2020

Enhancing Precipitation Prediction Algorithm by Data Assimilation of GPM Observations,
Takemasa Miyoshi (RIKEN), the Joint PI Meeting of JAXA Earth Obervation Missions FY2019,
Tokyo, Japan, 24 Jan 2020

Accounting for the horizontal observation error correlation of satellite radiances in data
assimilation, Koji Terasaki(RIKEN) and Takemasa Miyoshi (RIKEN), The Second IMT-
Atlantique & RIKEN Joint Workshop: Statistical Modeling and Machine Learning in
Meteorology and Oceanography, Brest, France, 10 Feb 2020

Big Data Assimilation in Weather Prediction: From K to Fugaku, Takemasa Miyoshi (RIKEN),
The 2nd R-CCS International Symposium, Kobe, Japan, 17 Feb 2020

BCM-LES application to wind gust disaster under extreme meteorological events, Tamura
T. (Tokyo Tech.), Kawaguchi M. (Tokyo Tech.), 72nd Annual Meeting of the APS Division of
Fluid Dynamics, P16.00009, 2019

Assessment of  Tornado—Induced Building Damage Using a Hybrid Meteorological
Model/Engineering LES Method, Kawaguchi M. (Tokyo Tech.), T. Tamura(Tokyo Tech.), W.
Mashiko (MRI), H. Kawai(Tokyo Tech.), In Case of Tsukuba Tornado in 2012, 10th European
Conference on Severe Storms, ECSS2019-185, 2019

LES coupling with thermal radiation model for actual urban districts with high-rise
building cluster —Analysis on intermittent change of turbulent and temperature field -,
Kawai H. (Tokyo Tech.), M. Arai(Tokyo Tech.), T. Tamura(Tokyo Tech.), The 15th
International Conference on Wind Engineering Beijing, China, 385-386, 2019

Turbulent coherent structures and peak wind occurrence over urban surface with high-rise
building clusters, Tamura T. (Tokyo Tech.) and H. Kawai(Tokyo Tech.), The 15th
International Conference on Wind Engineering Beijing, China, 383-384, 2019

Assesment of spanwise resolution effects on the simulation of separating—reattaching flows
at high Reynolds numbers, Cao Y. (Tokyo Tech.), T. Tamura(Tokyo Tech.), H. Kawai (Tokyo
Tech.), J. Ikeda(Kobe Univ.), M. Tsubokura(RIKEN), The 15th International Conference on
Wind Engineering Beijing, 551-552, 2019

Environmental Turbulence In Urban Boundary Layer -LES And Field Measurement—, Kawai,
H. (Tokyo Tech.), and T. Tamura (Tokyo Tech.), H. Suyama (Tokyo Tech.), D. Duong (Tokyo
Tech.), International Symposium on Turbulence and Shear Flow Phenomena (TSFP11)., 2019

Uncertainty quantification on aerodynamic characteristics of flow around square and corner—
rounded cylinder with glancing angle, Tsubasa Hamada(Tokyo Tech.), Tetsuro Tamura(Tokyo

Tech.), UNCECOMP 2019, U 18497, 2019
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Time and Space Observation Error Correlation of Doppler Radar Radial Winds, Fujita, T.
(MRI), H. Seko (MRI), T. Kawabata (MRI), D. Hotta (MRI), K. Sawada (MRI), Y. Ikuta (JMA),
M. Kunii (JMA), T. Tsukamoto (JMA), and G. Akimoto (JMA), 39th International Conference
on Radar Meteorology, Nara, Japan 18 September 2019

Refractivity distributions over the Kanto and Osaka plains and their impacts on the rainfall
forecasts, Seko, H. MRI), E. Sato(MRI), H. Yamauchi(JMA), Y. Shoji(MRI), and S.
Satoh(MRI), 39th International Conference on Radar Meteorology, Nara, Japan 18 September
2019

Improvements of Heavy Rainfall and Typhoon Forecasts Reproduced by Super—computer "K',
Seko, H(MRI), M. Kunii(JMA), Y. Sawada(Tokyo Univ.), K. Okamoto (MRI), K. Ito(Univ. of
Ryukyus), K. Shimoji(JMA), Asia Oceania Geosciences Society 16th Annual Meeting
(A0GS2019), Singapore, Singapore, July , 2019

Tsukuba Tornado with Fujita Scale 3 Reproduced by Super—computer 'K, Seko, H. (MRI), W.
Mashiko(MRI), T. Tamura(Tokyo Tech), H. Niino(Tokyo Univ) and S. Yokota(JMA), Asia
Oceania Geosciences Society 16th Annual Meeting (A0GS2019), Singapore, Singapore
July , 2019

Data Assimilation Studies using Big Observation Data in the Projects of Post K and BDA, H.
Seko(MRI), M. Kunii(JMA), S. Yokota(JMA), K. Shimoji(JMA), Y. Sawada(Tokyo Univ.), K.
Okamoto (MRI), and K. Ito(Univ. of Ryukyus), JpGU meeting 2019, Chiba, Japan ,May 2019

Data Assimilation Studies using Big Observation Data in the Projects of Post K and BDA,
Seko, H. MRI), M. Kunii(JMA), S. Yokota(JMA), K. Ito(Univ. of Ryukyus), and K.
Shimoji (JMA), The 13th Conference on Mesoscale Convective Systems and High—Impact Weather
in East Asia, Naha, japan March 2019
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Assimilating every 30-second phased array weather radar data in a torrential rainfall
event on July 6, 2018 around Kobe city, Yasumitsu Maejima(RIKEN), Shigenori Otsuka (RIKEN)
and Takemasa Miyoshi (RIKEN), Japan Geoscience Union Meeting 2019, Makuhari, Japan, 28
May 2019

Near-real—time SCALE-LETKF forecasts of the record breaking rainfall in Japan in July 2018,
Honda, T. (RIKEN), G.-Y. Lien(CWB), T. Miyoshi(RIKEN), Japan Geoscience Union Meeting
2019, Makuhari, Japan, 29 May 2019

Impact of Radar Artifacts from Phased Array Weather Radar to Short—-Range Convective
Forecasts, Taylor, J. (RIKEN), LienG.Y. (CWB), Satoh, S. (NICT), Miyoshi, T. (RIKEN), Japan
Geoscience Union Meeting 2019, Makuhari, Japan, 29 May 2019

A New Evaluation Method for Cloud Microphysics Schemes Using GPM Dual-frequency
Precipitation Radar, Kotsuki S. (RIKEN), Kurosawa K. (RIKEN), Kanemaru K. (NICT), Terasaki
K. (RIKEN) and Miyoshi T. (RIKEN), 39th International Conference on Radar Meteorology,
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The Use of Dual Phased Array Weather Radar Observations to Short—Range Convective Forecasts
Taylor, J. (RIKEN), LienG.Y. (CWB), Satoh, S. (NICT), Miyoshi, T. (RIKEN), 39th
International Conference on Radar Meteorology, Nara, Japan, 16 September 2019

Assimilating every 30-second phased array weather radar data in a torrential rainfall
event on July 6, 2018 around Kobe city, Maejima, Y. (RIKEN), S. Otsuka(RIKEN) and T.
Miyoshi (RIKEN), 39th International Conference on Radar Meteorology, Nara, Japan, 16
September 2019

Convection Initiation by Sea Breezes and Numerical Simulation of a Local Heavy Rainfall
Event Observed in TOMACS, Saito, K. (AORI), M. Kunii(JMA), and K. Araki (MRI), 2019:
18th Conference on Mesoscale Processes, Savannah, 29 July 2019.

Heavy Rainfall Event in Central Viet Nam in December 2018 and QPE/QPF at VNMHA, Saito,
K. (AORT/JMBSC), M. K. Hung (VNMHA), N. V. Hung (VNMHA), D. D. Tien(VNMHA), and L.
Duc (JAMSTEC), 100th AMS Annual Meeting, Boston, 13 January, 2020.

Ageostrophic winds associated with a tropical cyclone and northward moisture fluxes, Saito,
K. (AORI), and T. Matsunobu(Tsukuba Univ.), 100th AMS Annual Meeting, Boston, 15 January,
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Local Particle Filter Implemented with Minor Modifications to the LETKF Code, Takemasa
Miyoshi (RIKEN) , AMS 100th Annual Meeting, Boston, USA, 13 Jan 2020

Ensemble-Based Data Assimilation of GPM/DPR Reflectivity into the Nonhydrostatic
Tcosahedral Atmospheric Model NICAM, Kotsuki S. (RIKEN) , Terasaki K. (RIKEN) , Satoh
M. (U of Tokyo) and Miyoshi T. (RIKEN) , 4th workshop on assimilating satellite cloud and
precipitation observations for NWP, Reading, UK 3 Feb, 2020

Assimilating all-sky Himawari-8 radiances in the heavy rainfall event on 23 August 2018
in Taiwan, Honda, T. (RIKEN), S.-C. Yang(NCU), T. Miyoshi(RIKEN), 4th workshop on
assimilating satellite cloud and precipitation observations for NWP, Reading, UK, 2/3-
5, 2020

Local Particle Filter Implemented with Minor Modifications to the LETKF Code, T.
Miyoshi (RIKEN), S. Kotsuki (U or Chiba/RIKEN), K.Kondo(MRI/RIKEN), R. Potthast(DWD/U of
Reading), 4th workshop on assimilating satellite cloud and precipitation observations
for NWP, ECMWF, Reading, UK, 5 Feb 2020

Towards big data assimilation in Fugaku by accounting for the horizontal observation error
correlation of satellite observations, Koji Terasaki (RIKEN) and Takemasa Miyoshi (RIKEN),
R-CCS international symposium, Kobe, 17 Feb 2020

Assimilating all-sky Himawari-8 radiances in the heavy rainfall event on 23 August 2018
in Taiwan, Honda, T. (RIKEN), S.-C. Yang(NCU), T. Miyoshi (RIKEN), 2nd R-CCS symposium,
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Large eddy simulation of an entire tropical cyclone. Ito, J. (AORI), H. Niino (AORI) and

71



VIR A SRR EER KT W L E LIRS S R AR KR S

T. Oizumi (JAMSTEC), 18th Symposium on the Coastal Environment, Boston, 14 January 2020.
Refractivity Distributions over the Kanto Plain Obtained by Dual-polarization Radar, Seko
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Gottschalck, J. et al., 2010: A framework for assessing operational model MJO forecasts: a
project of the CLIVAR Madden—Julian Oscillation working group, Bull. Amer. Meteor. Soc.,
91, 1247-1258.

Jones, C., D. E. Waliser, K. M. Lau, and W. Stern, 2004: Global occurrences of extreme
precipitation events and the Madden—Julian Oscillation: Observations and predictability,
J. Clim., 17, 4575-4589.

Moon, J. Y., B. Wang and K. J. Ha, 2011: ENSO regulation of MJO teleconnection, Clim Dyn, 37,
1133-1149.

Moon, J.Y., B. Wang, K.J. Ha and J. Y. Lee, 2013: Teleconnections associated with Northern
Hemisphere summer monsoon intraseasonal oscillation, Clim Dyn, 40, 2761-2774.

Wang, S., A. H. Sobel, M. K. Tippett, and F. Vitart, 2018: Prediction and predictability of
tropical intraseasonal convection: seasonal dependence and the Maritime Continent

prediction barrier. Clim. Dyn., doi:10.1007/s00382-018-4492-9.
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Jiang, X., et al., 2015: Vertical structure and physical processes of the Madden - Julian
oscillation: Exploring key model physics in climate simulations. J. Geophys. FKes.
Atmos., 120.10, 4718-4748.

Miura, H., et al., 2007: A Madden—Julian oscillation event realistically simulated by a
global cloud-resolving model. Science, 318.5857, 1763-1765.

Miyakawa, T., et al., 2014: Madden-Julian Oscillation prediction skill of a new—generation

global model demonstrated using a supercomputer, Nature communications, 5.1, 1-6.
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BESCZ DOIEENC 2 MIT R T 2N AE) (BSIS0) 123\ T, NICAM [E WO B RE & £
DT ENRENTE (Nakano et al., 2015; Nasuno et al., 2016; Kikuchi et al., 2017; Yamada
et al., 2019; Nakano and Kikuchi, 2019), Z#U5 OHFFETHU &7 NICAM [ XfF5FE I X - T
ELTW5S, ZA—s—arta—F% [EE] TOFIHZEEICHESER NICAM ORI ED SN TEY
(Yashiro et al., 2016; Nakano et al., 2018). 2018 4FiZ Y UV — R IN7=EHhR D NICAM CliIFiia
BETEHEOTT N CHBEESENIREL o7, LNLARNL, ZhE TfT> TE 7= NICAM %370
HRE (L3R (Nakano et al., 2018) TIX—#HOLEHAEEEDO L EFHETLILEWNH - 7=, PR
FRIZOWTH R TOEHA B TE D2 RFEE 722 < | BREIC K 2E8WER & L <, AR & OB
BEICEENTHRENND D, £ Z TARIMELSE 14 km O NICAM Z VT 2015 4E 5-7T HO T > 7T
HIFEERZATV, HREEA I L D82 iiA Uc, FIMIEIE JRA-55 2 HIv T 2015 4F 4 J 30 A 00UTC 75
BHIHMMfiT6ﬁWk% 5% MMERKL. 8 H 1 H 00UTC % TS L7=,

4 B-7 | 3B & ARG EE . BURSEE NICAM IT361T % H F)MfE 5 & 850 hPa ilZIsiT DA, & Bk %
%ﬁo%?w(¢-T&)i5f/Aw®7/%/7w%%f%Mént¢&f®n@ﬁ%%ﬁbfwé
e B LD bRENPZRENTND Z EIZEE SNV, AR ORBERERET TV A s
N[ COBERERA G R T, (R IR CIIHOR L IE5R & ik U C B AR BIcds T 2 6, 7 HOKFE

EREDOTH~DEDHLL, 74V EVARICBIT2E A= F 7 7ORSNOMEZ LSHBITE T
W5, o, AREBEEMESCEREOIXLDENRKRE, 3 » HRBORAMEEBIIEM 7 BIicxh LT, R
1E 5,019 I CHME SN REREZ TR DN TWD2S, FREE 4.621.3 # T/ CH - 7=,
ZHACIE, B ERICBW T, 7 A ORAEK & ORERERZEZ /NI L T D Z ERBEFRLTWS
EEZEZBND, T TV LT A E O/ NI, B A= R T OMEN LS HEH IR
TWRWIZ ENEHBE L THIT oD, FHEERAZOB/NGHmICIL, Yamada et al., (2019) (23 \TC
BRI TWD X 51T, BSISO ICRFESNHRANTLEHORE IR/ ERoTNDLZ ERBEZ LA

LB IO OEVHREG R SN0, XVEEMeT — 22175 & L bic, ET O
EIEREICR LI ERR E2ITH) 2 L TRl S it a2 T2 ERH D,
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5A@.6A®b).7TAC)DBESE (FMER. 4 hPaffifd). ERFZvY (FiR). 850 hPa DEARS
i (RED), EADERRBEH (ent) LZDEERZE (sd) LT,

2 = BETN
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atmospheric model, Geophys. Res., Lett., 42, 565-571, doi:10.1002/2014GL062479.
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the E1 Ninos of 1997 and 2015. Geophys. Kes. Lett., 46, 7592-7601,
doi:10. 1029/2019GL082086.

Yashiro, H., K. Terasaki, T. Miyoshi, and H. Tomita, 2016: Perfor— mance evaluation ofa
throughput—aware framework for ensemble data assimilation: The case of NICAM-LETKF.
Geosci. Model Dev., 9, 2293-2300, doi:10.5194/gmd-9-2293-2016.

@ KFEMBEE 14 km& T km ZHAEDOEZH - EXT—ILOT7 oYU ITLERICEITHER
(B 2) GBHHAERREHEE)
@—1. ZEHRT—ILOERDTFATEENE
2016 AEITBJE 1 BORAERNTH 3 B (UTC) L7280, 1951 ELIBOBMITIE 2 BHICEVETH
>7, 8 Al 5 & AEMER: L CTRAE L, B OBREFAELE L TUIEFLAD 26 L 7eo7, Z
D& D RFRAToH > 72 2016 FFOFFHNTOREALE O TR FREMEZ TR 72012, NICAM Z Hv 7=
ACEFRIEIE 14 km O 50 A L /X—T LW U T VERR & KEMMEIE T km D 3 A L X—T L v 7 )V EER
% SEhE L7,
X B-8 |2 2016 =D 6 HLAREOH RO B AKEZ 77T, BHITIL8 A 31 B E ToORROIAEHIL
1 EHTH o7, KRG 14 km D 50 7 BT A L x—D T 11 fELL EOBERAFEAE L TV
DIL6 AL N=THY, 6 HNH 8 HE TORMEIALN 11 L E LR DHERIT 12%72 572, T o0
VI NAEECIX R AT 7.6 18 (EHERZ2 2.5) TH Y B & 5 L/ Rl o Th o 7z,
ARG EE 7 km NICAM OEBRTIE, 1 A2 =720 AR 5 8 & BN LTIz D 72 o 72
DA, A R S —=TITBINZIEE 2 12 8 & 10 HOBRAFAE LTz, KRB 7 km D A L 3—4K
DDIRNTZDREE IR BGREN L E TH D b OO, EHEEALIZ L > TE < OB R FEA L TN T
SAFM DR STz, SEEOMEN & ISR T 57 OIZIIACERBE 7 km D NICAMIZ L5 X 5128
SDAVNR—=FHLET Y TNVEBROFEPLEL 2D,
1979 4E7 5 2016 4EE TOBL D 8 H DT HRIADIEAERIT 5.4 HTHH DI L, 2016 4EDHE
BAEBIZ T TH -T2, KTEAMEE 14 km NICAM 7 25 > 7 VEBRTIL 8 A HIZ 16 %D A L/ X—TH#]
WOFEHEEBZ 5 6 HUL EOBRPRAEL T e, —F . AEMEE 7 km NICAM 7 2 7 L5k
TIX 8 AHIZ 6 HLL LD B RDIEA Uiz A 2 /N—IFE L7e o 7o, JEATHFSE CTld 2016 4= 8 A O Al
DORAEITET S A— //%47&@%%@%%3%KW%>Ummetﬂ 2019), %yx~y9y4
TIEET VAN THUNZRR I ATV, EOFBMEDN A A= OREFEROEEC L 5 28
ERIFLTHEONE W) JUICER LTREL TV BERH B,
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B-8: 2016 M 6 ALIBOERDRBEREN, RERI[ETORI T v K UER,
FRRIIKTREE 14 kmDNICAMD 50 A N—F o H U TILDFEHEZRL, BOEREIZTODEZEEREEZRT, HL
FREBAVN—DHERERT . FRITKTEEEET km D NICAM D& A N—DFERERT

@—2. ERT—IDERDEREE)

TN=—=a R T === E VS ERER R — L O R E REKIEOEB DL ZIT, AT —
NORIBOIEMIETT 5 Z RO TS (B2 1F Camargo and Sobel, 2005), —J5 TET/LHNOD
BEOEENL T Q) ENED] TR X 512 BSISO ITREFES D RADONEET DR ELZZIT 5
(Patricola et al., 2016; Yamada et al., 2019), Z O7=b#gRI/KIEDE % LN %2 A RO IEE)
DINEZFTHIT DIZIERA N —=DT oY T VERE WA MNE L 72 5, B B b IRIE O

K&zl =—=gHRL LT 1997-98 Do)l=—=3 - T=—=% BENM5N TS (McPhaden,
1999) Z L6, UEE/KIEOE 2 BENC 6 5 B RORE Z3HM+ 5728, 1997 4£ (ml=—=3g) &
1998 4F (T =—=%) Z%I%L L. KM 14 km NICAM 2 HWNT 50 A o N—D7 3o TV ER A

Fhiti Uiz, dEPEARTLETIE 6 A0S 10 HOEZFED 5 » HBIZEBEOIRE N K bIERIZ/R D720, 205
b A E AT & Uy F 72K R A 2R D 76D KR EE 7 km NICAM C % [RIHA R 2 %f
Geb LTm A I L,
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X B-9 : BE/KEDZEE (1997 FNIT/)L=—=3 vs. 198 FEDNDT=—=v) [ZHTHEROEEMEDEIL,

2 x— FIZKTEAHEE 14 km NICAM @ 1997 F£ & 1998 FEDEEDT oY U TN FHDEE L. BEOHEMREIIL=
—ZaFICEROFEEMNZWN LERT RHIFIWC DRI+ Sy I aFontz 1997 F () & 1998 & (F)
DERDHEEMEZRY . /N YHIIKFELEZE T km NICAM D 1997 F£DEER (FF) & 1998 FDEER (F) THRELE:
BRDREMEZTY

TR O B RO R AN BT =L = —= 2 BAERFICERMA~BEIT 5 L Sbih T\ % (Camargo
and Sobel, 2005), FEERIZEIM (RA K KTy 7)) TiE 1998 AT HAT 1997 4FOHEUE 140°E L 0 K
MTHRATDLRBANEL . ZOERE 14 kn A= NICM O7 % 7 AVERIT LS EHL TN D,
Tkm A v 2 DFEERE ZO[ME L < EH XTIV, 200N A Tl 140°E L0 & BN FH VY FNEAEE
LRV, ROV EHNEANR A R T v 7 IZPEET DR EAE LTV 5 (X B-9),

T 22 Y TR IR D 53 AT 22 i o 72 1997 4F & 1998 4 A %G & U 7o AR 14 km NICAM 0 50 7 4>
TVEBR ATV MEE KR O 2 DRI 2 B BIEE) O R 2 M8 L 7o, £ OREF ARG 14 kn
NICAM (%, /v =—= g AR SN L BROFBANEOLENME L LHADZENRTETNDHI L
ERERCE I, £, 29 W o TR EARGEEE 7 km NICAM THHERFERRTH D Z & AR LT,

AE DT IR, BROFEAENLE D2 ZALDSIKAREZEE 7 km NICAM THRFH TE 5 Z L 4R
LTC& 7, BROIBEMNBEILEORBDRKRFEEREIZFEET 2 (Camargo and Sobel, 2005), HEifiEs
EETVTIXRBOME, FFICEEORBOUENIFFIND Z 0D, ARG 7 km NICAM T
14 km ([ZHERTHRWEBOBFHRMENUEIND Z EDRMFFTX 5, S%ITAEMEE 7 km NICAM D7 >
T TNEEHLT LT, FAT VOB ROFAN E S LOFREOFHMEIZ DWW T X S IR
DLMEND D,
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® EBEEAAIT-EEHBEERRJBERZSTTILNICOCO DEHE (BHE1-2)

(REKRFRREERRERA)

1 7 ARRE ORI A I — /B W TR 2 TR 2B812E, v~ > 7 v - =2 U 7 UiRE) (MJ0)
o TRENIES)) OBAZEYICIEZ D 2 EBRHFETH S, HPCT g7 v 7'F A0 E 3128105
MR LI L VRENT-EBY . 2FREME T T /L NICAM |E MJO OB)a O FHRIC BV Tt R 2
T ADMREEH LT\ 5 (Miyakawa et al., 2014), —H T, MR ETHEE A — 0388 HH D
FENLLEE D e RRED BEEBORMAr — L3RV b =—=3 - RS (ENSO) 72 ¥y
OEE & ORHEIZBNT MJ0 72 EDOKRBIER KKDOIEEN 222 5 Z ENNE LD, Fio, WEE R
Bk &ick ., FHNEIHN o — DNV RA~5 2 5WEL LV EERS KRR IND Z &
DHIRF LD,

R 4 CIIFEREL £ TIZ, 3 IRITD J)FRIZRIREE 7 /L (C0C0) & Dt 4 FE4E L7 NICAM-C0CO

(NICOCO) ZPHFE L, AR M (BF) FEETOFIHIZT TEOMERERE &L EDTE 7, £0D
WFE T, NICOCO |Z13% < D RGHHERE AT T MIHBDOHRFER AL 7 ZANIFEL TWD—F T, 7T
REZ A T A K DHEZBRET 2 & M0 D> 7 F VTR > TR Y | NICAM & [R5 D 8T 72Tl
AaT B L TWAZ LRI LTS (Miyakawa et al., 2017), E£7=. MBED T 7 FI/UHNEHE
FETHD IR TICIBWNTIZNICOCO DA Y » b MVRFICHM S LD Z L& MJO LR L T =
—= g NEELT2 1998 42 5 H O (Takayabu et al., 1999) ZH#iliZ & - Trs L7z, NICOCO D XA
T ARG FE (I U7 R 2B il 2 L &8 5720, MBEBIOBEAT A X -
I UVAF— ADOFEERLZ D/RT A —HFREIZ L - THRE - MJO « KEBAGERSG N D X 5 2BfRO L &
BT A0 NS EEZED TE 7~ (Miyakawa et al., 2018; Miyakawa and Kikuchi, 2018;
Miyakawa and Miura 2019 72 &),

ST, 5l & MG ER TR OWCORELZFEMT 5 & & IS, & E M - aEkE G e
REMEERES R (KK 3.5 km “EfE” | WE0. 1 RIS ) oW aitEni-, 7=, FEB - i
Mo Bl 7 — 2 e E o EE T O OEHEZ I L7z, X B-10 IZR3 X 912, MJO IS 3% %t
DTS Eh 0D SRR BE NG B |2k U O ERE « BRRERIIC LT 5 Z E I LT 572, Miyakawa and
Miura (2019) TIFAKFEAEIE & & HIZE - FKEDET 22N LNIR-STEY ., Z0AEH D
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MEZEZ D L. FFEOREHEIREZFETLZOICBRSINLBENTD BEDL D LHREIN
Do ZORERIT, BIHICENTIERE Y bEEBREDOET ViELZ F L LTHERT 28D /NRT A—4
PHEEICAERIEHZ 52560 THD, o, KB-11ITRT X910, REREMRG - R EGERETOKR
KHMHERE SV X 2 L= a T TICEMET 2 REB L > TR D | PR OIS T I HE R
PSRBT CRI - A2 aiifi/e &) PREBICERIA SN LR EEE LWEENHRR S TV D,
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B-10: ZEM SKFEMEZE 56 km, 28 km, 14 km @ NICAM &K BREHEBER DR,
RREARICKH 1 OBEKEBEEZERFHELTEATRRETILELTYIaL—2avEfTo2TWS, £
BRORBRY - BPDRAARY MVRER (FALFRsT) & TERORTEFREEE T, KFARERE 28 km & 14 kn
TITRB N ~2 BEDORFRFBAKE 56 km EEERTHRNVREREZF DO EEZBEMITRL TS,
HMEFEREABHK (RERXP) & YURH,
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B-11: RRUKFEMREZE 3.5 km, BFKFEBRREO 1 ED IERHE - BAEE] FRTE TEHE L 1= NICAM-COCO
(NICOCO) 2k BY2al—2a ViR (BEKE . BEOCAFIIZR, A VRGENERICKREIA TS,

S Xk
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Miyakawa, T., H. Yashiro, T. Suzuki, H. Tatebe, M. Satoh, 2017: A Madden—Julian Oscillation
event remotely accelerates ocean upwelling to abruptly terminate the 1997/1998 super El
Nino. Geophys. Res. Lett., doi:10.1002/2017GL074683.

Miyakawa, T., and K. Kikuchi, 2018: CINDY2011/DYNAMO Madden-Julian oscillation successfully
reproduced in global cloud/cloud-system resolving simulations despite weak tropical wavelet
power. Scientific Reports, doi:10.1038/s41598-018-29931-4
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® KRR R] EREZSTBEICEWVEEVEEMYEETILORE (BE1-2)
(RRRXZRKEBEHER
FIRRTRCBNTH o & bEEDORMNRERD 1 D Th D, TOAERM - FE - R
< OEAEET NV TIXERL - WALOKRRN AT ZARE T D/ IV 7B K > THRDILTV D, £DAF— A
IZE ENDARHED SITRZR TR ORHEINEDORE RER & 72 5T D, R, FHRMEIEN LV BEI
ol FIC, bo b bHEFEIZZOREEENED DD H L U CEBWHIBROFEIMEN S 2 5
. KV IEMARERTEE LTRSS TOWIDONRE L ETH D, Bk TiE, EBh - vkl Okifk
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WL TELDE U ENESRT V=TT, ENENDE L ORI EORA LA TR E LT
W5 Z & T, RBED/NEIRERIN DRI KR E RRL~DFR BRI E X IEMRICRBLT 52 &N TE
Do

WEARBE 1B NICAM 2 W CBEED 7L 7 IEICB T DR EA A TS & & bic, S ET L~
VEEMMBET AV EBAL TT A NEREI T, AMEEIIE U EEMBBLA F— A ZFAGARD
D D FEIN NICAM &V, o & b FRED Hiflile RAEFEIC T HMEOHBRIERE T+ 25 2
ETCEIEOFEIMEERGE LT, BRES 2 SO EX. RICO (Rain In Cumulus over the Ocean) THi
HIE AL, BUEETF L OHEEFERR (van Zanten et al., 2011) TSR T, VD5 TV 5
B IBEAOMIE N D 0 | KR & SRE TR CLRIE MR- T 2 B 5 B R 2= o BB 2RI
Th D, BT /WL NICAM, K& SREOGEEITZNZ41 100 m & 40 m, FEIIEAK 12. 8 km D
EFE, @34 km ThDH, KEHFETHA 27V v EHOWEREIL—E, #EEH» D OERIEA
w&&fﬁ%#ékmoﬁﬁ*@@ﬁbnfmé WIS 7 o NIRRT A 5 % C 24 REfEY %
TV RIE I 72 D 20~24 FRF[E1E TH L7 & & AT il > 7=,

ave—thl[K] ; ave—qtfg/kg] ave—-gc[mg/kg] ave—qr[mg/kg]

205 300 305 310 315 O 5 10 15

B-12 : GCSS (GEWEX Cloud System Study; van Zanten et al., 2011) M5 IL—FIZ L B HER (HEE) &S EIO NICAM
DR (KRWEERHR), HERBM D 20~24 BEER TEY L-/KETHEDHRES ., EH 5. BKEE., 2KEES
. EBKESLH., M/KESL, BL. NICAM DFERIL Kessler DEMPIBR F—LEF o -#EE,

X B-12 1%, FEyBHAR 20~24 FEfE 14 O ACEEIEOSRE 54 T 5, NICAM OFERTHMDZ < oE
THOFEFREFE UL, TEMOIAIZ, K OHEAKIENM & 2KEGHAE S ICE O TIRE —EDOEE
T, 20 RIZERE, £ L TEO RIZHERE & W 9 sUEREE AR S 4L, SEIER NICAM (352 58 F2 51

HHoEVGD Z E R E T, AL, RICO OFERKETIX, 1L LTHEZ LN TWDDIFmAIE
GRAL ORI L) &R TR T, TR OSRER I K D WEBUINEE NI T DI HIFE L T
VAT LHEETH D, MDZ L OFTIVTIHRM D THREE & LTl D 728, BICH ) omEIE
& TIERIZLE O WrEVINEE N T o A LTSRERDBIF LN TV D, —J7, NICAM TIINE= R LF —% T
WAL E LTV, WE = 2L —IRRE, B BE, KEKIEG AT 2720, 2 DO
NT U AGPDET MR TORR LD LW IORRBIELL TV A,
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ave—thl[K] ave—qt[g/kg] ave—qc[mg/kg] ave-qr[mg/kg]
— Kessler
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X B-13: NICAM CEEIELEMPEBR X —LEZF > -BEREOBEEROER, BL. SHERBMN S 5~6 BREE
TEFEHLIEKEEHEODRES . END., BKEEL., 2/KESL. EXKESLH. MAKRELE, Kessler, G98, WSM6.
NSW5. LIN[ZZSMFETNICAM [CHHAAFTFNTWABNIILYERFT—L, KFIZAFHESE A X— L,

X B-13 1%, EMPEEBEDOAX—LL L TINE TNICAI THEHLNTELZWNL DODD AT —LE[{H -
THEONEREHERERE L EORBREL MK LD THS, HL, —# AT — LTl 24 BRIFHEA
BRET LTWRWO T, K B-12 &3 5~6 B THY LR R Th D, NICAM ITHHAARDDH S
EUAEEMIWEE A T — 203, BEOWVWEICE L TAS » i (Kuba and Fujiyoshi, 2006) 124k - THHFE S
NIEAXF—AT, HFEZONWT, KBS ERITBEEEZ THRERE LT 2 T—AY FAF—
LTH D, BEREREDOIEHEALOERS NFFEE T, BFIEIZ L H/8T A X VB — g Vidflibd, & HRE
DEEFEBEN TEX DB TR —VET VOREREME 7= [SREE & B OBEE NI L > TEED
AR RO E | 2D, TNE Do S8 5 2 L CHMIERRIRSMZIE L TW5,

IT5 - FEEE U AF — A% o o iR REM) 1IMO R F— 5 L W L Tz~ AZ < OEDR RRFRH
Ko TWDHN, ZTHITENTOERBEZOIEHLOTY O MCER L TWD, ZHETOAR -HEEE VR
F— L TIEERDH D & TR OTEMEL R & 37, BREA WG 2V WS RS -7, 2k
EIET 572, AENTENTORREEOIEM L 2 A3 Lfﬂﬁ%ﬁotoA% B & g E L2ns b
EEREAE OTEMEAL DOFREE AT 9 = & T, NICAM 7% RICO D L 9 R g 2 lbIc B Cx 5 koo b e ®E
bbb,

25 3Lk

Kuba, N. and Fujiyoshi, 2006: Development of a cloud microphysical model and parameterizations
to describe the effect of CCN on warm cloud, Atmos. Chem. Phys., 6, 2793-2810.

vanZanten, M. C., et al., 2011: Controls on precipitation and cloudiness in simulations of
trade—wind cumulus as observed during RICO, Journal of Advances in Modeling Earth Systems,

3, M06001, doi:10.3894/JAMES. 2011. 3. 5.
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@ WA+ TR] TKEF 100 miEFICRESEL-HOER/ (O X2 T4 (BRI)

(BIERERFAFEERE)

HAR 3 Tid, AASIMOINE 2T R T DHET T VI ES STV AT LOBFEET 9,
ALEFLT, ARTAHGEER) 100 m AAYRFEE T VIC IR S D 7o DI KRB LR 100 m =FEmE 7 /1
LT A N &ATo0c, £io, MEHEEICH SRS ML TR AT L OB &Mkt L. KA 500 m 4%
TICEESS VAT DEHBE LT,

@—1. KFE#H 100 mEF=pEHFETIL

ARG EER) 100 m AAIRFEET MCES R TR AT L2 R A N [5] CHETL5Z L %H
L. BUEDOFEEIE CRIRE/R K EMALEER) 100 m =[RITEF A EREE LT, AW ET /LT C0Co
(Hasumi, 2006) #¥EIZ L7 ME AR MET A THD, ZOET/MIRERET VL0 (b 63 FELLRT
DOF&FIE « FREESTIA) 1/4 B2 KEEETJTIR) 1/4cos ¢ & (¢ 1FAEED) ) . ALPEREEET /L LT (B0« #RE
D7) 1/12 B #8518 1/12c0s ¢ FE) L AL AARMN S ZFeihz g & Uiz L2 (10« RREE 511 1/60 B,
FEFETTIE] 1/60cos ¢ ) . L3 (k&8 : #REEJ7I0) 1/180 JE, #5717 1/180cos ¢ &) . L4 (BT : #2E
J51A) 1/900 FE | K& J51H] 1/900cos ¢ ) DA SIS (K B-14), $hEAATEIIZTNENDET LT
62 Th D, HNKRA MNETIVORRENS XV ERGEDOET VOMEZ RS2 2 & 20K L 72
DO EIT 2T, NET V4 2B LRET VLV THRIND XA MET VA 2012 41 A 3 H~31
H @FEﬁfEffj\ Lfi’_o

X B-15 1% L4 &7 /L CHRIL S N OMHEXHRED 1 FE EEMETH S, L4 7 /VITELR 500 n
FEEDOMMNLEBRAEETH L0, A 77—/ 10 km FEE F TOREL e A7 — L ONERE S
TV 5, ZFERROEHE AT Clx, X0 BRI 2R 3512 S AR & — v O s Bl
ZORBNEITHW 2 5 27256 (KB-16(a)) &5 27205 (KIB-16(b)) TiE-TW5, WML
OB L » TEL DI EARICE VEONNEL TWDATREER S 5, IR 7 —/L D34
DEENERFET D2 L b, TOBHA N = X LM ENEERE~OEBELT D Z LIT5%OMET
b5,
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0 1000 2000 3000 4000 5000 6000 7000
m

B-14 : KT EX 100 m ZEEHRETILOEERTS,
39.8 4(x10s1) Z Y

39.6
39.4
39.2
39.0
38.8
38.6
38.4

38.2

Ay J

4 ALY 39. N s S il
141.0 141.2 141.4 141.6 . K f21.85 141.90 141.95 142.00 142.05 142.10 142.15

B-15: /KFMREERK 100 m ZREHETIILCTRE SNIZBEEOAEXBED 1 B TF91E (2012 4 1 A 27 H0:00-1:00) ,
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39.55

39.50

39.40

39.25

39.20

141.85

AV ARR - KBTI

(a)

T T T T
141.90 141.95 142.00 142.05

T
142.10

142.15

39.55

39.50

39.40

39.25

39.20

T
141.85 141.90

T
141.95

T
142.00

T
142.05

T
142.10

142.15

B-16 : (a) KFAHEER 100 m ZEHETILTRESI-EEOMERBED 2 BFETHE (201241 A 18 B-31 H),
b) @IZRLC., = L#FEEZRWNGE,

@D—2. KFEBBEHKS00 mITEDERFRS AT LOEE

MRI.COM (Tsujino et al., 2017) 12K < S EE B AN FEE 7V % FU T MOVE/MRI. COM-JPN &
27 L (Hirose et al., 2019) (ZHD < FEDHILTHIL AT LD ZMEEL TWDH, ZDOT AT
LTI, FHUEEIG A2 R T X DMHTE T /L OKIR - o OFER (TR 2 AW T, KRG E D X
D EBWTHRTT /L% Incremental Analysis Updates (TAU; Bloom et al., 1996) T#IJHifELT+ 5, A&
WFZE CIEARMTE & L C FORA-WNP30 (Usui et al., 2017) ZFV. @G E B AN FT T V&2 0)HE L
LN BERENT 2 2 AT AR L PHIEREIT 72, ZOTT/VERERETT VL0 (Ab#E 63 LR O
K& - RREE A 1/4 BE KRB 1/6 FL) . ALPEREEE TV LT (B8 « fREE M 1/12 BE, FRAE
i 1/18 BE) . AAIEE T /L L2 (B&F-08 « fREEJ7) 1/60 B, #&EEJ51M 1/90 BE) . AARBEET VL3
(K&l - PREE S 1/180 BE, FEEE AW 1/270 L) MO SN D HEGMA A MET LV TH D,
WEAEEE I3 A AT 7 v L2 OWIHIEAL « TRIERZITR o 7o, AREEITUKEARE K 500 m D A A
WEET IV L3 IOV T HAIHEL - FHIERZ X B-17 OFIATITV, FEROZLHEE2MR LT, #l
Z X, PRI A AR RO BT\ LR O/ 23 B LTt DS 2> DIk 2 ICH R T DK ~BK
Loo®H5h (KB-18 Bi), BANFEET VL3ICL D FHIL B Z OfKE L B EHLTH
% (R B-18 /f) . 2D K 5 ITAFMULEK 500 mIZHS L VAT AEHETEX =0T, 5%I13D—1
D=FEPET IV EFERD, XA R L~bZ b 5 1 BFEHESC LIRS EER) 100 m ORECE 7 /W5
DLUATLERHE L, AA RN TR THEE & 72 2K R E 100 m BHARIBFEET VORI~ L DR
TW TETH D,
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20004 2015%F 20154 2015¢F 20154
1/1 1[1 9/_1 9_/6 10_/1 11/1
Lo AR - 15 (RRATIB) THERD i Tl
mmﬁl i lﬁﬁ%# lﬁﬁ%ﬁ
L1 ; KR - 1853 (RITIE) THERD Fl
%DﬁﬂﬁEl RFREG lﬁ-ﬁ-%ﬁ
KR - 185> (RAFE) %P3 §
2] WTIAUTHIEREL T
: lmm li%ﬁ%ﬁ‘- liﬁﬁ%’eﬁ:
H LOUKE - 185 (RiME) &
3] : { RO TIAUTHIEREM TR

B B-17 : KFAEEH 500 m BRABFETIVICEICERFASRATLOERFIE,

38N
37N

38N
37N

38N
37N

36N 4 36N 36N
35N 1 35N 1 35N 1
34N 1 34N A 34N 4
33N 4 33N A 33N

32N 1
31N

32N A
31N

32N 1
31N

30N 1 30N 30N 1
29N T T 29N T T 29N T T
130E 135E 140E 145E 130E 135E 140E 145E 130E 135E 140E 145E

HB-18: (a) 2015410 A 11 H, (b) 2015410 A 21 B, (c) 20154 10 A 31 BIZH I+ 5 R TR,
23 FORA-WNP30, FRIFBAXBFEETILLIDLD, RFR#ME. BARED 136° EICHFHEESEL Y 50 cm XELVE
HEEOFERTERL

2 = BETN
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® HRR b+ TR Z2RBEICHEV-REZERF (£4)

CBEARRMABEEE - RERXZAKBERT

() ORI BRFE LT AT A0 DIVt R AF LRI B RIH T 5 L 5 BREE A 5
UARAE LTz, BARAGIZIE, BIFE L7232 25 L% Oakforest-PACS 25 THIH T& % K 9 BRlE 24 - i
T5ZET, KRROELL ORENERE/T-, £/o, AA N T (BF) RBRBREE~O NICAM BAHIZ &
FL TV,

] CHROLNHERMREZ HPCI A N L —URKEBEREOA FL—V B IO —7 7 — A
TABET DL T NAADOZ—FNEORDITIE L TT — X 22 TE DR AHERF LT, FRICE T
75— 4 & LC.Grand Challenge & U CE L7~ 2ERAKEMEEE 870 m ZEHR (Miyamoto et al., 2013;
#1200 TB), I KOO Efiftg L EEBR T 5 NICAM-AMIP 5 (Kodama et al., 2015; Satoh et
al., 20155 #9400 TB) \Z2WCilkilEAZ FEM L=, 2N HOT —XITFHHEN D 5 AEFRERIE L 72 HIfEIC
BWTHIBELSFHAESH TS (BEEIZOWTIENa et al., 2020; Kodama et al., 2019; Noda et
al., 2019; Yamada et al., 2019; Nakano et al., 2019), F7=. [F) THEhi L /-fREERT — X%
IZOWNWT T —F A &R 2357 — & OiRkilEz FhE L7z,

EHIZARA R TR Z&EIC, HEMEROEMHS 7 +—~ Y OB L & W I RIFHTIEOS R EZFE
fiL7zo AR N T 23T NICAM V3SR OB EE THEITARRIC/AR D PIETH D08, HlzIXZ D
W FR AR TKHRGE DO EANRD TS L Ay v ath A XD 1/4 12720, T—2 %A
X 4~16 fFICHKRT D, ZOL DI T — 2 A AOWKRITHLT H L EbIZT—F N R T %
KT B2 NICAM DO A THW SN TWAIEE -~ FHEEE FR T —ZIZOWTH LW T —~ v
FNEBFE LIz, 207+ —~y T - FFrEMCHESE D & & b, ERERETH 5 UGRID
convention (http://ugrid-conventions. github. io/ugrid-conventions/) 2t~ 77— # #Ei&E 2 A
L7z, ZHUZL Y, python ZEEHWTET =X OF E CTAIFULSCHNTZIT O Z ENFHIT/R D LT
LTW5, X B-19 [T WEHME 7 4 V2 2 HWTZRER TH D, EMEFRIT OV TIIARHIRG A O ff
BUTHRAFT 205, AREAHGSE 14 km NICAM O%6 . BiR-0006 1/3 DY A XIZEMT 5 Z L 25 Al
Th D, EAMLIIZEES D RFEIL NICAM 2RO EITRRNIC AR TH/h SN2 & bIERFE A TH D,
UbED X5, AT —FEBERIZBRDRAN TR IZBWTENERY S DH T 7 ANT +—~
v N LT,
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7E+10 60
6E+10 50
5E+10 =
T & 40
3 4E+10 2
o 2 30
> 3E+10 M restart 3 M restart
@ w
F i 2 20 ;
2E+10 M history = M history
1E+10 10
0 0
0 1 2 3 4 5 1 2 3 4 5

deflate level deflate level

X B-19 : JKFAHEE 14 knNICAM 23511 5 restart (FIEAKMH) S XU history (HAZHH) T—2DHA X (K)
EEMEE (B), deflate=0 AITHE7E L. deflated0 AEfEH Y (CHHT S,

235 3CHK
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EHTW5 (e.g., Suzuki et al. 2008 ;Goto et al. 2011, 2015), AZ#EiF ™ BC (%, EDGAR (Emission
Database for Global Atmospheric Research)-HTAP (Hemispheric Transport of Air Pollution) % H
Wz, BEAREEE T, BRARICT L - THE U 2850 (pyro—convection) (28 2 B A % — L% Bi %
LTW5, BHRARICHES =7 oy VEDO KR ESZ O EEIX, Copernicus Atmosphere
Monitoring Service (CAMS) Global Fire Assimilation System (GFAS) & W) EBANZIHE-SL T —#~
— A g —nm y HEHTRE 2 — (EOMWF) bt Ty, o7 —2% AL,

NICAM=Chem D' = b — 3 VEERZRGET 572012, ARAAELA & H R8I & O ik &1 T o 72, fh
AAELI & U Cid, MEEEDTZE B RS T A O ZEMY A5\ IR E S L7z single—particle soot
photometer (SP2; Droplet Measurement Technologies, Inc., USA) OF —& Z -, BLHIET
2016 4E 8 7225 10 HIT/T THT AL, 9 H 25~26 HIZHiH ST @i E A X  Z NICAM-Chem THE

REBLL T, #E B8NS UTiE, T 7 OIHGIED O N2 IR OHIE D EE LT W Rk IR
DOEILE (32.75° N, 128.68° E; itk 75 m) THIE X431 CV 5 multi-angle absorption photometers
(MAAP; model 5012, Thermo Scientitic, Inc., USA) ®F—X& %\ /=, NICAM-Chem |Z. f@IL&EIC
BT 5 2016 49 A D BCIREAZMAQFE L Tz,

RIZ NICAM—Chem |Z351F 5 KK 7> b DR EWFE A RFET 2 728, BLINE TH O N o miREA N
N RFOBRREIZ DWW THA T2, BEYEEBR OFE RS BC ORI 25 & | BC IO iEkix 9 H
21~22 BEEIZIZ A BVIED, 23 BIZIZY 7 —Y ZAHE, 24 BIZIEA L F % Y A EEMEER T,
25~26 BIZ_—VU U THRCBENT D703 0 o 72, BC MRS BB 2 BRI JEBH CROK A R S
T 2728 FEHEFEBRIC 3 LT BC OWBMEILAE & A4 718 LI F2BR 21T\ AEHETEER & OF W25l L7,
EAEFEERCIE, 9 H 20~21 BIZ/A VAL TheR Th - 7o i BC JREEIL, 9 H 25 RiT~—1 &~
JWEZRET D F TITHRE PR LT, )5, e 2 4 718 U7 B CIT i B 72
REBADBRE OGN END, T OO BC JREAR I ISR IR ATT DO FEAKIZ X DB E ) H
WCTholmZ ENRBENT, 72, K220 km & 56 km DETILDOBEKRLBCILET 7 v 7 ADiE
WAEFRD & K56 km Tl Global Precipitation Climatology Project (GPCP) D&M &Ll K 9
7RIk & FEREAIE A A VIR o 72 KA E R L, BCILET 7 v 7 Ab R TH -7, —J5 220 km

VL BRI BRI RN D 728D, 56 km DA LB L TBCILAETY 7 v 7 ARKEL 2oTWH
ko:®%%m\%menaL<mw)f%%ﬂt%ﬂﬂﬁ@%@ﬁ%f@@#ﬁk%ﬁ%f%oko

BUNNIE CTH LN TEIREA N2 FRATIX, 2 ZBER O 9 H IR s Z @ LTt (060°N) £ T
BE LTRKED O b b FE LtﬁwF@ﬁMénTmtoMMM%m@&sm®%7w1m 5]
IRIEEA R MEHO 9 H 27~28 HUEIZIRIERTHEORTHE ., FWATROREIC N7 v TSNl 7 4 T A
IR D e iR EE BRI SR~ L TNV e, RTBRZ NSV DS BT > 7 S 2 FpEIE Tshijima et al.
(2018) LTV D, ARKUEH L7 HIRBERTHR O AN Y 72 D IRKUE DO R ~F I TlL, 700 hPa O &
TERBEARRSNTBY . FHUTfEST 400~500 hPa OEEE CEH LY & EiEED BC A HNT
Vo, 56 km DFET /LTI, 700 hPa DS D ERGRIL, BBUFNT &tk L TP KMEMEI T
25, 220 km DFET IV TITIRNENI DTN E W, ZD72DIZ, 220 km DE 7 /L TlZ 400~500 hPa @
B E TRIET S BC DE S /NS 0o T,

2016 4 9 HRDOA X N THLAVTFFHED, FROREE LZRKE CHFENICR O D THD
T EEMEDD DT, 2015~2018 4EE THD 4 4D 9 H DF —Z Zflivy, M &z 101 HOREEL
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TARSIEICHE D BC 0 LR OS5 &2 i1z, 2R Yy MR EIT o iR, RKE R LOHEMT
VRPN 6 L C BCIBEE S @ < . 56 km D FEBRTIL 220 km DEBRL VY & EZZORENEL 2D 02
EWRinote (KC-4), TR EEAEIC, RKEFO0 S RIS 5 EFIRO R KB, 56 km D
FBRT 220 km ODEBRIV b 3ERERE VY, IO ORI, RKUEO MO EFFEIZ X 5 BC $hiE
s DE W IMEARGE (F9 220 km) & ARG (F956 km) DT /LD BCIESMADOENE B2 5 L
TWHZ EERET S,

BE, < ORBEERTHO SN TV D ET /MIAPARAMEE TH 0 | ARFFEORE ST, R T
VIR~ BC ik & R 9~ 2 I IE AR+ C OB EDE T M KD FRNLEE LW L 2R T 5,
FERENC TEHE) DX 2 KRERFHFEEREEAWD Z LIk, hEE0ET LV TR OWXRER %
THOTEMNTEDLIIITRDZ EITHIFF L2V,

(@) Ant+Fire_56 (b) Ant+Fire_220
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ng m-3

C-4. ESEFLOBETCEAAMEICY>-RE—SEMHE®OBCEE (ng/m),
BEITESED DL, S R-BE, (a)56 km DKEFEE & ()220 km DEREE,

T2, WEFEAFVF U MEORMIGEOEELIZIANT T, NICAM-Chem DALZBIRIZ DOV T & Eifif
B BRI AT —ERBUE 21T > 72, BUE 63 OALFHD 115 T O FERINC DN T, BRZIRA A 7
—EEHNTEETNVEA LAT v (220km K1 D5 600 FHRRE) W TILFREM OB NT R
DU 2 LRE LREFHEZIT> T D, 56 km i FICHEA LI-BE. EFAZA LAT v 7 INE
VN (120 FORREE) 7o O KRBTSO m I 2 & CRAERTR A AR+ L R 2 G 6N b 7, T2 IR
FHRDOIA LAT v THELETDH L EBITNARR R EEZE=F L, +OREHEEZITAD L OW
BLTz, AT, fET — %% AN CEBMBEIT O EMERSHEL2ERTH & L blo, ENHD
DRI AAT — % & & HIZ, ET /L (MIROC-ESM) & [A]— DR TEITTE D L L=, 4%IX
IhoEAv, TEE S5 HOTERDLFEET T V&2 WA IR E2FE L, KV1E
FEMED EVMEFRESAHEE . KU AT 22 SIZ DWW TRl L T & 720y,

27 ik
Goto, D., T. Nakajima, T. Takemura, and K. Sudo, 2011: A study of uncertainties in the sulfate
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distribution and its radiative forcing associated with sulfur chemistry in a global aerosol
model. Atmos. Chem. Phys., 11(21), 10 889-10 910.

Goto, D., T. Dai, M. Satoh, H. Tomita, J. Uchida, S. Misawa, T. Inoue, H. Tsuruta, K. Ueda, C.
F. S. Ng, A. Takami, N. Sugimoto, A. Shimizu, T. Ohara, and T. Nakajima, 2015: Application
of a global nonhydrostatic model with a stretched-grid system to regional aerosol
simulations around Japan. Geosci. Model Dev., 8, 235-259, doi:10.5194/gmd-8-235-2015

Ikeda K., H. Tanimoto, T. Sugita, H. Akiyoshi, Y. Kanaya, C. Zhu, and, F. Taketani, 2017:
Tagged tracer simulations of black carbon in the Arctic: transport, source contributions,
and budget. Atmos. Chem. Phys., 17, 10515-10533, doi: 10.5194/acp-17-10515-2017

Ishijima, K., M. Takigawa, Y. Yamashita, H. Yashiro, C. Kodama, M. Satoh, K. Tsuboi, H.
Matsueda, Y. Niwa, S. Hirao, 2018: Analysis of High Radon—-222 Concentration Events Using
Multi-Horizontal-Resolution NICAM Simulations. Sola, 14, 111-115, doi:10.2151/sola. 2018~
019.

Lubin, D. and Vogelmann, A. M., 2006: A climatologically significantaerosol longwave indirect
effect in the arctic. Nature, 439, 453-456

Suzuki, K., T. Nakajima, M. Satoh, H. Tomita, T. Takemura, T. Y. Nakajima, and G. L. Stephens,
2008: Global cloud-systemresolving simulation of aerosol effect on warm clouds. Geophys

Res. Lett., 35(19), L19817, doi: 10.1029/2008GL035449.

Q EBREELZFMEETETISIVUT AL RATLORAES LUV T L ZRAV-HEEEDREHA
(B 2-1) (EREMER. [SRTIRPE

a) “BRIERFOZITHELHESHBEIIaL—Y a3y (ELREHRREAH)

AWFIE TIL NICAM 22— R & U 72 K&#6E 7 /L NICAM-TM(Niwa et al., 2011) ZHW T, K&KD
FE{biREE (CO,) 1ZDWT, RERCAFMREEE 14km D KGHILE S R 2 L— 3 Va7 -T2, 2D
2 b—3 g T, ABABREHETR, Bl AR R R, B IGEIR D CO IZ oW T X 722, KAR
FEEBNIXTT 5 ZNZENOFEEZFMATREIC Lz, & 512, B#, BAREN, /7 Y7 (FE, #HE,
L) OFENENOHIIZ SR % D& 7 Z53F (M C-5), MmO FHFE biHMiifTge s Lz, €0, 7 7
> 7 A%, ALABREHETRIE ODIAC (Oda and Maksyutov, 2015) Z v, Bl BB R Gl S et AR RE R €
7 /L VISIT (Ito and Inatomi, 2012) ZH\\\7z, 7=, WHERIRD 7 T v 7 ZUTKZETOT —# (lida
et al., 2015) ZHW, FRMWAKFELIRO 7 T » 7 A|{21% GFEDv4. 1s (van der Werf et al., 2017) %
iz, FEBIEIE 2009 45 1 A6 12 HETO 1AERT, v P 213479 NICAM H & THE &
NHREFIEET L —F— DR R E2ITo 72,
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(b)

C5W/7L7 (a). BX (b). R (¢) TNZTIDMBEHIZDOVNTE T Z DI =L BHBFHEEIR C0, 75 v 4o X (0DIAC),
EERTIIRKRICEEEBRRERD 0, 73 v RZHEHBDE T EDF TS,

[X] C—6 (2 NICAM-TM (T & » THE S 7= MR AT D COp I FES A OBl & ~9 (3 A, 7 H) ., FZEITIE,
TUT REED D COy iR DZERILA B ARRL T AEE~TRALH L TV DERF R BEHR ST\ D, —H,
7 HTIE, BEEAERER DYEARIT K o T 00, AMEIREE & 72 o T 2 i ikl & A A RBhE RIS K 2 FF
ERRKEVHEED E TREZENRKELS Lo TnD I L, £o, KEHERKAEDEY HLICL YD, ik
B, WD 7 A RMBRES RS TVDEFRHBELSNTND, ZD XD ICFHE S Co, R E
[ZDOWT, BA - BRIZIR W TEREEICBIMI I STV 2 HLE T o 1R ORERS A X C-7 1277,
ZITE AR, F2, AREET VT O 2HEN O DOFEERAITIR LTS, T C-T(a) D
FESE L | AR O EEL TR, B S 4D IR AT O KR E B BRI O LA R EHEIER N T 5 L TV b
TR END (DEOEISTIL 60%), HiE 250m DFEIT AT AV ) —TOBMIZHOWTIE, K C-
T()ITRT B 2RI EBIEN NS < 22> TS b0, BRI O/b A BREHLIR S 3 572 ZZ B
Lo TV e (ROEIATIX 46%), —J7. HEBINAIEE L3O L2200 7 LEEREIZ OV T
L B C-T () TR ERY ., REZEORESH FEH & TR 10501 THY, £, vn—RL7k
WHNENT- 4. CO A DA NARIZ 2> TVWD I ENbMn5, S5, BES LS OF
HHHRHICRE S 7 U7 EEEEOLAREHEIRIC X 2 FEDRRBRETH L Z En3bnd (EnE
NOLENL 0.2, 0.3 ppn’s UNR B LU R EE T, ), IHIT, BEEARBROF S HEA TE 2L
o TEY, TVTNHLOFEIL 36 A 11-12 AIZREWZ b d (FHAE LS OUL 14
DAL 0. 4 ppm?),

ZOZENL, FEROBSBINCOWTIX, ¥ —7 > b & LTW D FTEKRERTTE D & O N A IFRPES
DT FTNVERZD ET, +RICENEREZTZENARETHD Z EBRARERN L RBR I, —F
T, HEBIAIRE L2 T 2RI CIE, BLFREZR O 7 F A NS N & Fe, BRIARA B
DRI S DFEGENRENZ END, B—HNIRT T v 7 AD V7 F N ERET D 7201203, =g
W 6 OF G AW UNER T 2 MEMENRB SN D, ZDH, 4%, BBEOKEL L HBLL LT
DEFMGETT VI RRETH DL LB NS,
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352 362 372 382 392 352 362 372 382 392

C-6.NICAW-TMICk > TEIHESN=3 A(a) & 7 A (b) DR AFED CO RED
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100+ r
80

60*
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HC-7. AR (L) (@) ERAREZEDHSLFY (b). RRAHA Y —D 250m #1=m TD 0, i=EE
RREIITRTOREZEDEL D, K&, FREZhETH, BRE. R7 O 7HOERBRHERED C0,. He. ALoy
BEEAETI, BRE. BR7 D7 EOREEEERRD 0, 2Ry . TNETNDEL. LEAREE T 5-DITHELAT Tty
FEEZTRTRLTWLS,

25 3Lk

Iida, Y., Kojima, A., Takatani, Y., Nakano, T., Sugimoto, H., Midorikawa, T., and Ishii, M.
(2015) Trends in pC02 and sea-air C02 flux over the global open oceans for the last two
decades, J. Oceanogr., 71, 637-661, https://doi.org/10.1007/s10872-015- 0306—4.

Ito, A. and Inatomi, M. (2012) Use of a process—based model for asessing the methane budgets
of global terrestrial ecosystems and evaluation of uncertainty, Biogeosciences, 9, 759-
773, https://doi.org/10. 5194/bg-9-759-2012

Niwa, Y., Tomita, H., Satoh, M., and Imasu, R. (2011) A Three-Dimensional Icosahedral Grid

Advection Scheme Preserving Monotonicity and Consistency with Continuity for Atmospheric

121



BT C AR R HIERER BE OB & T

Tracer Transport, J. Meteorol. Soc. Jpn., 89, 255-268, https://doi.org/10.2151/jmsj. 2011~
306.

Oda, T., Maksyutov, S. (2015), ODIAC Fossil Fuel CO2 Emissions Dataset (ODIAC2018), Center for
Global Environmental Research, National Institute for Environmental Studies

doi:10.17595/20170411. 001. (Reference date: 2019/01/04)

b) EELT—RRILFELTAVEEREA - ETILHBE (RETIEHER)

RRITRBHFERT Tl FhHMZEIIER RN (JAXA) KV AFLEOEDY 852k o7y L
WFRE S 2 KRBT AR T T v YV UEEET L (MASINGAR mk-2) IZ[@fbd 5 2T A (RFTT v
YT NI N~ T ¢ )V E (LETKF) . IR ICZE51E (2D-Var)) #BE% L TX 7~ (Yumimoto et al.,
2018, Sekiyama et al., 2018), BiZEH & U CIEFFEMAMN O/ S 2D-Var [ZB U CTREAM - FRFEE
W, ZOVAT AT 2020 4F 1 HIZKGTOHEM T AT MW TEBIZEL Sz, 2. [Gst
AT CIE B Ll s 7 /L (NHM-Chem) DBARE HHED TIF Y | [FIE T /MIRGT D RZIG IR RERIC
BWUEHINTWD, LTFICOEDLY 8 57 —Z[AHbIERR, KKET /L% H /- LETKF BA% & NHM-
Chem |[Z DWW THEEE 27”9,

OFEbh 8 SOMY TNAXA LT —FRHLFERICE DV ELNZMAIZLL FTo®mY Ths, £9, 8B
B (Ver.2) Tix, OFEb Y 8 57 v Y L ENESOBNT — X ICRBERZ2 BB AR o7
O, FT—ZEkIE 1 B 1 EE L, BREOT—ZFHHIZSHBOBEE Lz, SO THRA T OHEHND
RoE, TNETOT—Z@LEITDRN > TR L L CEICTHRAM TOR a7 om LB RS
A7z, Z 2T, MASINGAR mk—2 Z W= O E oY 8 5HEY 712 A ARUEEBR ORISR 273, 2018 4F 4
HIZHE BARD EWEPH CHE B SN -F6I >V T, T —ZE{E72 L (MASINGAR mk-2) , O£H ¥
8 FC &k BF —#[Et (MASINGAR mk-2 w/ 2D-Var). Hb b HARBIH (SYNOP), BREZEMNEM L TW\5HZ
HEDE (SPM) D4 FALEE L, KC-8 TiX, OFEDLV 8 5NHARDEMTT 1 Y /LA Z TN
L3, T—HHEZR LOSGE, 2O T u Y A A HATHWRY, Zo7H, OFEDPY 8 5
bIX Z OEROHMEBEMAEREL G EELTWD, 20X, 7—FEbkEFE/mT L LICLVT—
ZAfbZAThR o256 & i U CBIEIC L VB 25 L9 T VOHERBREZEETE TN
YNNG, MEHIZRRREERE R L LT, 2016~2018 DOFEZRITIIT S HER HARBINC X 5 HE A ED
ALy FAaTEF 7T =R LOAa T 1 B PHROK R TR 0.26 ThoTe DR T —Z @b a1T 9
LIk oTHI0. 28 LEEMEM AR Lz, A% OME S LTL, mER 7T —# Ry A7 & (2D-Var)
OFIFIZ LY . BB (40km) £ERTT 1 V' NVEEE T LA~DT — X [FUETEOE AL, =7 1 /)L
R ITEARAT O SEh 23 LR IR FHRASE TR CRIRBIC /R D & B 2 bbb, — T, mRERT — XAk A
TLERWDZ LI RAFGE (110km) 2ER=T 1 YV VST T USSR (MODIS, O FEbH b
8 . GOSAT-2, GCOM—C, EarthCARE %) % == 7 1 Y )LVEAL IS AT AOREENATREIZ /2 D & A
IAEN D, NHM-Chem (2B LT, 2D-Var X° LETKF O AIZ LV | KRAMER Y OB « PRI Ol
ERRIAEND,
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MASINGAR mk-2 w/ 2D-Var

Surface(0—1km) dust [wg/m?], Surface wind(10m) [m/s]
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C-8. 2T 7AYVILEEETILT—4 R{LEERLEE (20184 4 A 16 B 09UTC) #5E,
EEET—2RMERE LOETIAFAER, ALEFIVFEDY 8 ET—4RMEEZRV=ETILTRAER ST,
ETIE EERBRICKL2ERNEREZ A TXIRBEAOMESARY FO—ohSEON-T70OYVILERE (SPN) &7RF,

RIC LETKF OBHFRILZ =3, BAAlT, T 22 B2 —2 2T 10, 240 A o /3—D RBULT >4
TNT —ZEUEERBR ATV, RFHEAREIZ 72 5 70 EOUEN R 55D — 5 CEVIIR © O )3 g
FI/hSWZ ERdgE SN, ZOHEB E L TERIZE W IR L 2 O IERIEEN B TH 5
72D TR E WG E L T, KATET VO FRRAEOMERE LR (PDF) % EH:7-<7= (Kondo
and Miyoshi., 2019), fi#HTICIZfES KK KRIEERET /L (SPEEDY ; T30L7) ZHWW-BHls A F L3 o
L—3 g R (0SSE) OFEBRRERZ F o, (AR 2287 — 2 & U CIE R EREIZ /A L7z 6 P
DT A T BINE AW, HERSAAOIET T AMEOFERE L LTV D0 OFEEICE T & 4
1ToT7e TOFEER. EHERFZETIL/2 < KL Divergence (Kullback and Leibler, 1951) 233EH o A MDD
FEIEL LT L TS ZEN Dol EICZOFEE AW EEITo7, Bl LTETIE 4
J& (IFEHRHEE I H7=2) OIS 7 AME PDF OEHEFEOREME XX C-9 1rT, KC9I1kD
&L BTIEIEAT U A PDOF (35 EFRAELR2NE DD, KIRLHIRICE L TR A F—L T v 71
BWCEBEECIEST 7 A POF NRAETDHZ LN 00 o7, FEH T A PDF OF il B R TR
TIFHERIR N T A —F DA F 7 KD RRALZEDIRERMEFF S, A P —A b T v 7 TIIRIRD
£ R R BIGIC L > TEL TS Z ENRB I T, —J7, Outlier (& DMENTET T 4F
(A DFEATED B RE SN TND b D) [ZEDEFETHIIT T ¥ MMIHIk A DO T HAET 280
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D FRHTRAZE~ O BT HERE T X PR OMHTRLNITIZIZMIRT D 2 L8 o T, L0tk %T
7L (NICAM) Z W= 3B CTix, BOBIZBWTHIET 7 A PDF SHBL L TV ey, ZAUTHin 72 2
=)V E B DR 2 BRI ZE0 7 7 a2 A8 NI ICEENTEREY . ZBHENCEEEZ KIF LA
W, FEA T A PDF ORKIK E 72 0155 2 L 2REBE LTS (XIS, ZALSIEAS 7 A PDF <0 Outlier [3f#
Brad s | C BB A AT 2, D 7 o o ATl 2T ) 2 e LW =0, S%IT L v 33
IEWET NV E KO T o TV T T 2 BN H 5, BECEBTHMEOHHT —~D—
oLEZLND,

HEE  EREFRICKLD > 0.01 & - EHMERT AT v 7THTE -7 D

(a) U at 4th model level (b) T at 4th model level
" 90"

0 60° 120° 180° 240° 300° 0 o 60° 1207 180° 240° 300° 0

0 5 10 20 30 40 50 60 70 90 [%]
C-9. SPEEDY-LETKF (10,240 * >/3—) (2K % FEH VR POF DREHE (h).
ST RERGIFEH (60 B) (TKLDAY0.01 ZBA =B EBITRAT v THTEI- -4 D,
ELARAER. AENTE. ETFHALE. EFTAMKRATIEETRYT .

AR, K[GAFFERT CBRFE 21T - TV 2 FEIE LAk € 7 /L (NHM-Chem) % HIW 2 BMEHITZ I 351
B bk Ltk & iR E B B G R OB FERE S (Sekiyama et al., submitted) Z ¥fi5
T 5, AR TIE, wWBEE IR IREFTP O S BEEE 7 A (Cs-137) Z hL—H—¢&
L CHW = Emf#4E (5km, 3km, 1km) NHM-Chem % i\ CAMIEMEHIZIC 1T DHIRE & b L—H—
Wity R 2 b—a rEFEM L, TS, BARMEOKGYTEZE 4D-Var > AT A (KEMRERE
5km) ZBESRSES UCHMEIZBA%E L= NHM-LETKF T, 3 H AR 1T 5 A EfGE 3km DR G &1
L, S DICZNAEBRGMEE U CBR~HILRBIZ 31T 5 KRG 1km D XG55 % NHI-LETKF %
FAWTIERR LTz, KRG OFBBMEIL, BT T VOMMEE, M OBHES | BB O KRR SM4TK
FLCW e, BT VOMRBENREWIEE, FRZU R TARIE VA — U BRZERIIE-FIZ B )
T, MEBROFBEMENE L 2oz, MBS, R TEABIE LV ZA— U NEE L TV D5E OIS
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N CTIXET VOB L 5B VIEETE 20, FELR»-7= (KK, KIZ, NHM-Chem %
AWz F =P —lakOfE R A2 X C-10 1R T, EHHO Cs—137 A~ ML TH, KEHERE
EORWET ML HHE Y I 2 b—ra URERNS K D BUAIE & T < oo 7o, BRI, MBS B2 4E
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In-situ observation vs. Data assimilation analysis
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B LI GERAEH , 115 - % 7 — 5% OF) SFA A RELLT s Lrapy | 0L
22tgigris flow simulations by using smoothed particle hydrodynamics (SPH) Ez;ziﬁiifc(u](ggio)i‘nlllofono (JAMSTEC) and JPGU2019, Makuhari 2019/5/29 EH
What is the source of chaos in MCS? Kawabata, T. (MMRI) and G. Ueno (ISM) EMS2019, Copenhagen, Denmark 2019/9/13 [E5+
What is the source of chaos in MCS? Kawabata, T. (MRI) and G. Ueno (ISM) ICMCS-XIII, Naha, Japan 2019/3/8 [EN
i o G P e o Gt o it el 5. G0 and 6. G 50ttt S on o hsnlotion 00| yrize |

Kotsuki S. (RIKEN), Sato Y. (U of
Model Parameter Estimation with Data Assimilation using NICAM-LETKF ?gthj"rg"}/{kl(ﬁﬁgé/kﬁgﬁ;“k}oﬁ] EEIﬁFTI)ziKEN), Jp6U Meeting 2019, Chiba, 29 May 2019 (Invited) 2019/5/29 [E74
Satoh M. (U of Tokyo) and Miyoshi T. (RIKEN)
Big data assimilation: A new science for weather prediction and beyond Takemasa Miyoshi (RIKEN) iéﬁgA\?’\TiR}ﬁgzO;gﬂ9FYEI§£\‘??ESHOF IN V0SS, V0SS, 2019/6/4 [E2E4S
Big Data Assimilation: A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) Syminar, DD, Frenkfurt, Germany, |13 Jure 2019 2019/6/13 =
Big Data Assimilation: A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) Seminar, LMU, Munich, Germany, 17 June 2019 (Invited) 2019/6/17 [®45+
HPC challenges in numerical climate simulation and weather prediction Takemasa Miyoshi (RTKEN) }i{?Rgg{éoz?kv?}zgd)SLMMER SCHOOL 2019, Kobe, Japan, 1 2019/7/1 [
2?;2:;”‘“’ data assinilation as a science hub: from weather forecasting and Takemasa Miyoshi (RIKEN) ICIAM2019, Valencia, Spain, 17 July 2019 (Invited) 2019/7/17 G
Invited talk, Takenasa Miyoshi (RIKEN) ﬁ;:agggf IE;gﬂDa;z 'S\zgi;flggi‘“;;lg“‘z‘?nﬁ‘;{egfse“rc}“ers' 2019/9/26 =[]
]::,i I]\ii;ir/]\:}m\lvljt;‘i: [Ilzzjz'?tz:z:ng Deep Learning with Phased Array Radar Data Takemasa Miyoshi (RIKEN) }??if?tiz;\ Diego, San Diego, USA, 16 October 2019 2019/10/16 44
T s i o besratiy g | e | s
Big Data Assimilation:A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) seminar, Taipei, Taiwan, 27 November 2019 (Invited) 2019/11/27 [E2E4S
Big Data Assimilation:A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) seminar, Taipei, Taiwan, 28 November 2019 (Invited) 2019/11/28 [E4+
Big Data Assimilation:A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) E%:fl“t‘zd) Taoyuan City, Taiwan, 27 November 2019 2019/11/27 [E5h
g;:;;iew of the rapid-update weather forecasting with the phased-array weather Otsuka, S. (RTKEN) and T. Miyoshi (RTKEN) ggECZZEiSQVTQEDZ;ThngZZ l;}(;?‘;e é;z?{eg)adar and 2019/12/5 PN
Big Data Assimilation: Past 5 Years and Perspectives for the Future Takemasa Miyoshi (RIKEN) EGU2019, Vienna, Austria, 8 April 2019 2019/4/8 [E2E4S
Enhancing Data Assimilation of GPM Observations: Past 6 Years and Future Plans |Takemasa Miyoshi (RIKEN) EGU2019, Vienna, Austria, 9 April 2019 2019/4/9 [E 4k
Big Data Assimilation: A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) Japan - Israel meeting, Otsu, Japan, 14 April 2019 2019/4/14 B
]{E¥§gvi$§t;}mle observation operator for Phased Array Weather Radar in the SCALE #Teﬂiiigh?,(Rl(Eéﬁl;N), T. Honda (RIKEN), and JpGU meeting 2019, Chiba, Japan, 29 May 2019 2019/5/29 )
bt siilcion s G erane fr b s treng ol bt Tod K0 s o v, 20ty s |
Eegizzaifagg;ggsrégugziirazég}ation coupled with an ocean mixed layer model: aiti;ﬁT?i{IEE]\([?IKEN)’ T. Honda (RIKEN), T. JpGU, Chiba, Japan, 29 May 2019 2019/5/29 EH
Rovmmatorterie Toomhostal Ataossharte foosl MiCn 7 1m® he v 1 (rikgny” D, chiba, Japan, 30 vy 2019 iy | s
Big Data Assimilation: Past 5 Years and Perspectives for the Future Takemasa Miyoshi (RIKEN) AOGS, Singapore, 30 July 2019 2019/7/30 [E4+
Enhancing Data Assimilation of GPM Observations: Past 6 Years and Future Plans |Takemasa Miyoshi (RIKEN) AOGS, Singapore, 2 August 2019 2019/8/2 [E2E4S
Big Data Assimilation: A New Science for Weather Prediction and Beyond Takemasa Miyoshi (RIKEN) Seminar, Buenos Aires, Argentina, 26 August 2019 2019/8/26 [E 4
Big Data Assimilation: Past 6 Years and Future Plans Takenasa Miyoshi (RIKEN) 39th International Conference on Radar Meteorology, A | 9919/9/17 [
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Impact assessment of Next Generation Rainfall Measuring Satellite on NWP: An

A. (RIKEN), Honda, T. (RIKEN), Kotsuki,

39th International Conference on Radar Meteorology,

Observation System Simulation Experiment for a typhoon case, Okazaki ? Egﬁgﬁ;' Taylor, J. (RIKEN), Miyoshi, Nara, Japan, 19 September 2019 2019/9/19 =Py
Big l_)atg Assimilation and Al Creating New Development in Real-time Weather Takemasa Miyoshi (RIKEN) CREST Symposium on Big Data Application, Tokyo, Japan, 2019/9/25 )
Prediction 25 September 2019
Exploring the potential of assimilating three-dimensional lightning discharge Honda, T. (RIKEN), Y. Sato(U of European Conferences on Severe Storms (ECSS), Krakow, 2019/11/7 4k
observations with an ensemble Kalman filter Hokkaido/RIKEN), T. Miyoshi (RIKEN) Poland, 7 November 2019
Local Particle Filter Implemented with Minor Modifications to the LETKF Code [Takemasa Miyoshi (RIKEN) ACUI00 FALL MEETING, ‘San Francisco, LA, 9 Decenber 2019/12/9 078
Big Data }.\sslmlylatlon Incox.‘pox.‘atlng Deep Learning with Phased Array Radar Data Takemsasa Miyoshi (RIKEN) AGU100 FALL MEETING, San Francisco, USA, 10 December 2019/12/10 4k
and Numerical Weather Prediction 2019
. . . L . s International Workshop on Tropical Cyclone-Ocean
Forecasting a large nunber of tropical cyclone intensities using a high Ito, K. (U Ryukyus) Interaction in the Northwest Pacific (TCOI 2019), 2019/6/19 8
resolution atmosphere-ocean coupled model . P
Jeju, Korea, 19 June 2019 (invited
Tto, K. (U. Ryukyus), H. Yamada (U.
Ryukyus), M. Yamaguchi (MRI), T.
Analysis and forecast using dropsonde data from inner-core region of tropical |Nakazawa(MRI), N. Nagahama (MEISEI Observational campaigns for better weather forecasts, 2019/6/11 4k
cyclones obtained during the aircraft missions of T-PARCIT Electric), K. Shimizu(MEISEI Electric), T. |Reading, UK, 11 June 2019
Ohigashi (MIED), T. Shinoda(Nagoya U.), K.
Tsuboki (Nagoya U.)
Potential Downstream Influence of PRECIP/TAHOPE/T-PARCII on Predicting Heavy severe weather and TAHOPE planning workshop, Taipei
Rainfall Events in Kyushu Region Tto, K. (U Ryukyus) 14 October 2019 2019/10/14 E5
. Lo . .. R S. Fukui (Tohoku U.), T. Iwasakki (Tohoku
Bzxi‘l"r"'“egz of Systen for Long™term High-resolution Regional Reanalysis U.), K. Saito(JMBSC/U. Tokyo/MRI), H. AGU Fall Meeting 2019, San Francisco, 10 December 2019 | 2019/12/10 BP0
8 Jap Seko (MRI/ JAMSTEC)
i e L v I i N o Workshop on Integrating the hydro-meteorology system
gi?zztgﬁzgagr”i‘mbizsli‘il \f;ig?j:ti: Zoiil(i‘:d iﬁﬁ?’:i::ztwns on the Saito, K. (AORI/JMBSC) and orienting the development of improving forecast 2019/4/10 [E2E4S
proving 8 quatity quality in Vietnam, Hanoi, 10 April 2019 (invited)
. . . Lo . . . . . . . International Workshop on Next-Generation NWP Models:
Ultra-high resolution numerical weather prediction with a large domain and size [Saito, K. (AORI), T. Oizumi (JAMSTEC), L. e N i N . -
dependency of simulated convective cores on model resolutions Duc (JAMSTEC), and J. Tto(AORI) ‘é?ziﬁzz;mn and Predictablity, Jeju, 22 May 2019, 2019/5/22 EEL5H
Heavy rainfall event in middle Viet Nam on 8-9 December 2018 and current Saito, K. (AORI/JMBSC), L. Duc (JAMSTEC), Japan Geoscience Union Meeting 2019 (JPGU2019), 2019/5/26 P
QPE/QPF at VNMHA D.D. Tien(VNMHA) and M.K. Hung(VNMHA) Makuhari, May 26 2019, (invited)
Chen, G. (SYSU), K. Saito(AORI), H.
o . . . Iwai (NICT), S. Ishii(NICT), H. Seko(MRI), [18th Conference on Mesoscale Processes, Savannah, 31
Mesoscale-to-LES Modeling of the Sea—Breeze Front over Coastal Cities W. Sha(Tohoku Univ.), and T. July 2019 2019/7/31 [E2E4S
Twasaki (Tohoku Univ.)
International Workshop on Prediction skill of extreme
B g Lo . Saito, K. (AORI), L. Duc(JAMSTEC), and T. Precipitation events and tropical cyclones: Present
LETKF perturbations by ensemble transform in a cloud resolving model Matsunobu (Tsukuba Univ.) status and future Prospect (IP4), Pune, 25 November 2019/11/25 [ESEN
2019, (invited)
Analysis and design of covariance inflation methods using spectral Duc, L. (JAMSTEC), K. Saito(AORI) and D. . ~ . . S 00)¢
transformations Hot ta IRT) 100th AMS Annual Meeting, Boston, 14 January 2020 2020/1/14 [ESE4N
N BT . P ST
Big Data Assinilation: Real-Tine Workflow for 30-Second-Update Forecasting and . owasn iyoshi (RTKEN) S 100th Annual Meeting, Boston, USA, 13 Jan 2020 2020/1/13 s
Perspectives Toward DA-AT Integration
Enhancing Precipitation Prediction Algorithm by Data Assimilation of GPM g P . the Joint PI Meeting of JAXA Earth Obervation Missions one
Observations Takenasa Miyoshi (RTKEN) FY2019, Tokyo, Japan, 24 Jan 2020 2020/1/24 En
The Second IMT-Atlantique & RIKEN Joint Workshop:
Accounting for the horizontal observation error correlation of satellite Koji Terasaki (RIKEN) and Takemasa Statistical Modeling and Machine Learning in 2020/2/10 4k
radiances in data assimilation Miyoshi (RIKEN) Meteorology and Oceanography, Brest, France, 10 Feb
2020
Big Data Assimilation in Weather Prediction: From K to Fugaku Takemasa Miyoshi (RIKEN) g:ﬁ gggOR’CCS International Symposium, Kobe, Japan, 17 549,517 [P
T RG a1 . L . Tamura T. (Tokyo Tech.), Kawaguchi M. (Tokyo [72nd Annual Meeting of the APS Division of Fluid
BCM-LES application to wind gust disaster under extreme meteorological events Tech. ) Dynamics, P16.00009, 2019 2019/11/25 [ESEN
o . . . Kawaguchi M. (Tokyo Tech.), T. Tamura(Tokyo
Assessment of Tornado—Induced Building Damage Using a Hybrid Meteorological . . L 10th European Conference on Severe Storms, ECSS2019- - .
Model /Engineering LES Method: In Case of Tsukuba Tornado in 2012 tech.), W MashikoORD, W Kawai(Tokyo 15" 5010 2019/11/5 A
LES coupling with thermal radiation model for actual urban districts with high- [, . R . SO - . .
rise building cluster —Analysis on intermittent change of turbulent and Kawai H. (Tokyo Tech.), M. Arai(Tokyo Th?g5th IY\FGI‘Y\dIlOHdl Conference on Wind Engineering 2019/9/1-6 4k
. Tech.), T. Tamura(Tokyo Tech.) Beijing, China, 385-386, 2019
temperature field -
Turbulent coherent structures and peak wind occurrence over urban surface with [Tamura T. (Tokyo Tech.) and H. Kawai(Tokyo |The 15th International Conference on Wind Engineering 2019/9/1-6 4k
high-rise building clusters Tech.) Beijing, China, 383-384, 2019
Assesment of spanwise resolution effects on the simulation of separating- ;"“fh") (Tf{ky; T??’("T)i{ I TT'?:“;"“ (Tokyo The 15th International Conference on Wind Engineering | 0 00/ _
reattaching flows at high Reynolds numbers ech. ), H. Kavai(Tokyo Tech.), J. Beijing, 551-552, 2019 19/9/1 =
Tkeda (Kobe Univ.), M. Tsubokura (RTKEN) g
Kawai, H. (Tokyo Tech.), and T. Tamura, Int tional S i Turbul 4 sh Flow
Environmental Turbulence In Urban Boundary Layer —LES And Field Measurement— (Tokyo Tech.), H. Suyama, (Tokyo Tech.), nternationa. Symposium on lurbuience an car tlow 2019/7/31 [ESE4N
Phenomena (TSFP11)., 2019
D. Duong (Tokyo Tech.)
Uncertainty quantification on aerodynamic characteristics of flow around square |Tsubasa Hamada(Tokyo Tech.), Tetsuro N . . .
and corner-rounded cylinder with glancing angle Tamura (Tokyo Tech. ) UNCECONP 2019, U/ 18497, 2019 2019/6/24 st
Fujita, T. (MRI), H. Seko (MRI), T.
L - . N . S Kawabata (MRI), D. Hotta (MRI), K. Sawada [39th International Conference on Radar Meteorology,
Time and Space Observation Error Correlation of Doppler Radar Radial Winds (MRI), Y. Tkuta (JMA), M. Kunii (JMA), T. [Nara, Japan 18 September 2019 2019/9/18 (5[]

Tsukamoto (JMA), and G. Akimoto (JMA)
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Assimilating every 30-second phased array weather radar data in a torrential

Yasumitsu Maejima (RIKEN), Shigenori

Japan Geoscience Union Meeting 2019, Makuhari, Japan,

rainfall event on July 6, 2018 around Kobe city Otsuka (RIKEN) and Takemasa Miyoshi (RIKEN) |28 May 2019 2019/6/28 P
Near-real—time SCALE-LETKF forecasts of the record breaking rainfall in Japan Honda, T. (RIKEN), G.-Y. Lien(CWB), T. Japan Geoscience Union Meeting 2019, Makuhari, Japan, 2019/5/29 P
in July 2018 Miyoshi (RTKEN) 29 May 2019 )
Impact of Radar Artifacts from Phased Array Weather Radar to Short-Range Taylor, J. (RIKEN), LienG.Y. (CWB), Satoh, |Japan Geoscience Union Meeting 2019, Makuhari, Japan, 2019/5/29 E
Convective Forecasts S. (NICT), Miyoshi, T. (RIKEN) 29 May 2019
. " . . . _ . |[Kotsuki S. (RIKEN), Kurosawa K. (RIKEN), o tiona o da
A Nev.v I?Zvah.mtlon Method for Cloud Microphysics Schemes Using GPM Dual-frequency Kanemaru K. (NICT), Terasaki K. (RIKEN) and §9th Interndtlonél Conference on Radar Meteorology, 2019/9/16 N
Precipitation Radar © . Nara, Japan, 16 September 2019
Miyoshi T. (RIKEN)
The Use of Dual Phased Array Weather Radar Observations to Short—Range Taylor, J. (RIKEN), LienG.Y. (CWB), Satoh, 39th International Conference on Radar Meteorology, 2019/9/16 P
Convective Forecasts S. (NICT), Miyoshi, T. (RIKEN) Nara, Japan, 16 September 2019
Assimilating every 30-second phased array weather radar data in a torrential Maejima, Y. (RIKEN), S. Otsuka(RIKEN) and |39th International Conference on Radar Meteorology, 2019/9/16 E
rainfall event on July 6, 2018 around Kobe city T. Miyoshi (RIKEN) Nara, Japan, 16 September 2019
Convection Initiation by Sea Breezes and Numerical Simulation of a Local Heavy [Saito, K. (AORI), M. Kunii(JMA), and K. 18th Conference on Mesoscale Processes, Savannah, 29 2019/7/29 4k
Rainfall Event Observed in TOMACS Araki (MRI) July 2019
Saito, K. (AORI/JMBSC), M. K. Hung (VNVHA),
Heavy Rainfall Event in Central Viet Nam in December 2018 and QPE/QPF at VNMHA |N. V. Hung (VNMHA), D. D. Tien(VNMHA), and |100th AMS Annual Meeting, Boston, 13 January, 2020 2020/1/13 [ESEN
L. Duc (JAMSTEC)
?%‘ii:;rophic winds associated with a tropical cyclone and northward moisture fxiizo’) K. (AORI), and T. Matsunobu(Tsukuba 100th ANS Annual Meeting, Boston, 15 January, 2020 2020/1/15 4
Local Particle Filter Implemented with Minor Modifications to the LETKF Code Takemasa Miyoshi (RIKEN) AMS 100th Annual Meeting, Boston, USA, 13 Jan 2020 2020/1/13 [E5+
. L . L. . Kotsuki S. (RIKEN) , Terasaki K. (RIKEN) , |4th workshop on assimilating satellite cloud and
Ensenble Based Data Assinilation of GP/DPR Reflectivity into the Satoh M. (U of Tokyo) and Miyoshi T. precipitation observations for NWP, Reading, UK 3 Feb, |  2020/2/3 078
Nonhydrostatic Icosahedral Atmospheric Model NICAM (RTKEN) 2020
R _ PR . . . . . ~ 4th workshop on assimilating satellite cloud and
Asslmllatmg_all §ky Himawari-8 radiances in the heavy rainfall event on 23 Honda, T. (RIKEN), S.-C. Yang(NCU), T. precipitation observations for NWP, Reading, UK, 2/3- 2020/2/3 4
August 2018 in Taiwan Miyoshi (RIKEN) 5 2020
T. Miyoshi (RIKEN), S. Kotsuki (U or 4th workshop on assimilating satellite cloud and
Local Particle Filter Implemented with Minor Modifications to the LETKF Code Chiba/RIKEN), K.Kondo(MRI/RIKEN), R. precipitation observations for NWP, ECMWF, Reading, 2020/2/5 [ESEN
Potthast (DWD/U of Reading) UK, 5 Feb 2020
Towards big data assimilation in Fugaku by accounting for the horizontal Koji Terasaki (RIKEN) and Takemasa - N SO B 0non /¢
observation error correlation of satellite observations Miyoshi (RIKEN) R-CCS international symposium, Kobe, 17 Feb 2020 2020/2/17 P
Assimilating all-sky Himawari-8 radiances in the heavy rainfall event on 23 Honda, T. (RIKEN), S.-C. Yang(NCU), T. . .
August 2018 in Taiwan Miyoshi (RIKEN) 2nd R-CCS symposium, Kobe, 17 Feb 2020 2020/2/17 5[
Large eddy simulation of an entire tropical cyclone (I):;‘,JmlT (;Qag'{‘])g’c)ﬂ Niino (AORI) and T. %z;};azmgggéum on the Coastal Environment, Boston, 14 2020/1/14 i
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