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Fukui, S., T. Iwasaki, K. Saito, H. Seko, and 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.

Kunii, M., 2014: Mesoscale data assimilation for a local severe rainfall event with the NHM-
LETKF system. Wea. Forecasting, 29, 1093-1105

Miyoshi, T., and M. Kunii, 2012: The local ensemble transform Kalman filter with the Weather
Research and Forecasting model: Experiments with real observations. Pure Appl. Geophys.,

169, 321-333

D —6. Forecasts of the July 2020 Kyushu heavy rain using a 1000-member ensemble Kalman
filter

Forecast performances of the July 2020 Kyushu heavy rain have been revisited with the aim
of improving the forecasts for this event. While the Japan Meteorological Agency’ s (JMA)
deterministic forecasts were relatively good, the JMA’ s ensemble forecasts somehow missed
this event. Our approach is to introduce flow—dependence into assimilation by running a 1000—
member local ensemble transform Kalman filter (LETKF1000) to extract more information from
observations and to better quantify forecast uncertainties. To save computational costs,
vertical localization 1is removed in running LETKF1000. Qualitative and quantitative
verifications show that the LETKF1000 forecasts outperform the operational forecasts both in
deterministic and probabilistic forecasts

Rather than a trick to save computational costs, removal of vertical localization is shown

-13.



to be the main contribution to the outperformance of LETKF1000. If vertical localization is
removed, forecasts with similar performances can be obtained with 100 ensemble members. We
hypothesize that running ensemble Kalman filters with around 1000 ensemble members is more
effective if vertical localization is removed at the same time. Since this study examines only
one case, to assess benefit of removing vertical localization rigorously when the number of

ensemble members is around 1000, a larger set of cases needs to be considered in future

3R
Duc, L., T. Kawabata, K. Saito, and T. Oizumi, 2021: Forecasts of the July 2020 Kyushu heavy
rain using a 1000—member ensemble Kalman filter. SOLA, 17, doi:10.2151/sola.2021-007
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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, doi:10.2151/sola.2017-001.

Kotsuki, S., K. Terasaki, K. Kanemaru, M. Satoh, T. Kubota and T. Miyoshi, 2019:
Predictability of Record-Breaking Rainfall in Japan in July 2018: Ensemble Forecast
Experiments with the Near-real-time Global Atmospheric Data Assimilation System NEXRA.
SOLA, 15A, 1-7. doi:10.2151/sola. 15A-001

Shimpo, A., K. Takemura, S. Wakamatsu, H. Togawa, Y. Mochizuki, M. Takekawa, S.Tanaka, K.
Yamashita, S. Maeda, R. Kurora, H. Murai, N. Kitabatake, H. Tsuguti, H. Mukougawa, T.
Iwasaki, R. Kawamura, M. Kimoto, I. Takayabu, Y. Takayabu,Y. Tanimoto, T. Hirooka, Y.
Masumoto, M. Watanabe, K. Tsuboki, and H.Nakamura, 2019: Primary factors behind the
Heavy Rain Event of July 2018 and the subsequent heat wave in Japan. SOLA, 15A, 13-18.
doi:10.2151/sola. 156A-003

@ —2. Examining the predictability of the July 2020 heavy rainfall with the SCALE-LETKF

In FY2020, we examined the predictability of the July 2020 heavy rainfall, that saw record-
breaking rainfall over Kyushu and led to severe flooding of the Kuma river, with the SCALE-
LETKF. The research found that 5-day accumulated rainfall were well predicted several days in
advance of the event with the SCALE-LETKF and that the heaviest rainfall would occur over
Kyushu. Figure B-2 shows 5 day accumulated rainfall forecasts initialized from ensemble mean
and compares with JMA precipitation analyses totals. Overall, the SCALE-LETKF was able to
predict the large—scale distribution of rainfall during this period. However, the precise
prediction of heaviest rainfall over Kyushu was often underestimated. This was attributed to
the low resolution (18-km) configuration of the model, which was not able to represent the
precise location of rainfall. Examination of atmospheric conditions from ensemble member
forecasts showed extremely high humidity over central Kyushu during the time of heavy rainfall,
together with strong low—level convergence, suggesting ideal conditions for strong convective
activity. The research was written up in a paper that was published in the journal The
Scientific Online Letters on the Atmosphere (SOLA) by the Meteorological Society of Japan.
Citation for the paper is as follows:

Taylor, J., T. Honda, A. Amemiya, Y. Maejima and T. Miyoshi, 2021: Predictability of the
July 2020 Heavy Rainfall with the SCALE-LETKF. SOLA, in press. doi:10.2151/sola. 2021-008
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Figure B-2 : 7op-row: 5-day accumulated precipitation (mm) calculated from Japan
Meteorological Agency (JMA) Radar Precipitation Analysis (JMAIKM) in the period starting
0000 UTC on & 30 June, b) 1 July, ¢ 2 July and o) 3 July. Middle—row: SCALE ensemble—mean
5-day forecasts of accumulated rainfall for forecasts initialized at 0000 UTC e) 30 June
(SF30), £ 1 July (SFO1), g 2 July (SF02) and A) 3 July (SF03). Bottom—row: Difference
between JMAIKM and SCALE precipitation forecasts (SCALE - JMA1KM). Blue/red shading
corresponds to less/much precipitation in SCALE forecasts. The black box in 1, J, % 1 shows
the domain used to calculate RMSE between the SCALE 5-day rainfall total forecasts and
JMA1KM 5-day rainfall totals, the values of which are given in 7, J, k& /. Hatching in a, 5,

¢, d, I, J, k 1 represent regions of no data.
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@—4. EFSO Z& AW fRg s FBIHIT — Z b oA /37 b EFfl

AWFZEClE, fEIT — % [E{ 3 AT L SCALE-LETKF (Lien et al. 2017)12. fEl % o EEHIT— 4% »
TEHRA~DA N7 N EEERICEE T S EFSO (Ensemble Forecast Sensitivity to Observation;
Kalnay et al. 2012) ZE AT 25, £ LT 20154F9 A 9~10 HIZFEA L7z TR 27 4RO - BUdb 5/
IR D EE T — & FE R & R, l 2 O EERT — X2 O F#io~DA /37 N % EFSO IZ
Ko TR L7z, 7 —Z FMbEFERRIT. 1 Ko E] L 72 0E RN o 7 % [RlMb L 72 28R (CTRL) & |
PREPBUFR ({212 CNIT R By —3 v NV —27 O EEHT—2 0 5 5, fHXHBE, iR, X
J£7% 1 R Rk U 72 9281 (TEST) D 2 D &7 o7z, E7 /VOKFEFGEIT 4km, SHEL 50 JE, 77 o
TIVRA L R—H0E 50 TH D, EFSO EOFEMRFRIE 1 B, fE22 ) L A3l e x ¥ —L LT,
B-5 |% TEST (233 1) 2 45 BB ASICIIT 5 EFSO E () &, Bt —Fy U —2712 &k Dl Bk
FEOBIECE) 2 L2 b D TH D, EFSO Tk, THUCEICHEBK L 72BN R L TITADED, Wi
SCE L7 SA R EOENEH SN D, SEIOER T, 2RI L THK 53% 0 TAO EFSO fi
70 ZHURREHE Lz EBIT — 2 D 5 BRI 3% N THMUFEICHGE L TCNWD I L2 ERT D, K
SERRAE TH DHAR, KIRAHTC, SERBAEDRIA & 722 - 725 BN EE U 7= 52 m B AT T i
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Kalnay, E., Y. Ota, T. Miyoshi and J. Liu, 2012: A Simpler Formulation of Forecast Sensitivity
to Observations: Application to Ensemble Kalman Filters. Tellus, 64A, 18462.
doi:10. 3402/tellusa. v64i0. 18462

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, doi:10.2151/sola.2017-001.
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Lead time of 30-min forecasts
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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, doi:10.2151/sola.2017-001.

Miyoshi, T., and co—authors, 2016a: “Big data assimilation” revolutionizing severe weather
prediction. Bull. Amer. Meteor. Soc., 97, 1347-1354, doi:10.1175/BAMS-D-15-00144. 1.

Miyoshi, T., and co—authors, 2016b: “Big data assimilation” toward post—petascale severe
weather prediction: An overview and progress. Proc. the IEEE, 104, 2155-2179, doi:
10. 1109/ JPROC. 2016. 2602560.
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Yoshikawa, E., T. Ushio, Z. Kawasaki, S. Yoshida, T. Morimoto, F. Mizutani, and M. Wada,
2013: MMSE beam forming on fast—scanning phased array weather radar. IEEE Trans. Geosci.

Remote Sens., 51, 3077—-3088.
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@—17. Sensitivity testing for horizontal covariance localization scale with the SCALE LETKF
- Part of the continual development of real-time numerical weather prediction system for
severe weather

Sudden, heavy rainfall from small-scale convective systems present a major meteorological
hazard, bringing the risk of flooding and threat to lives. The precise prediction of rapidly
evolving, localized storms represents an extreme challenge, owning to multi—scale processes
and highly non-linear evolution of these weather systems. This has led to the development of
a new, revolutionary approach to weather prediction that uses rapid update cycling of a high—
resolution mesh with latest rainfall information from high—density, phased array weather radar
observations. The system, called the SCALE-LETKF (Lien et al. 2017), has been in development
for several years and has been proven to improve analyses and prediction of rainfall (e.g.
Miyoshi et al. 2016a, b)

In FY2020, development of the SCALE-LETKF continued, including testing of model parameters
in an effort to optimize performance. One of the critical parameters to be tested was covariance
localization, a length scale parameter used within the LETKF that determines the weighting of
covariances at distances from each model grid. Localization is a common method for removing
spurious correlations generated from the use of limited ensemble size. Determining the most
suitable scale for localization is dependent on many factors, including scale of modeling,
ensemble size and observation type, and is often performed through sensitivity testing with a
range of different scales

We tested horizontal covariance localization scales between 1-4 km for three case studies
of severe weather from 2019. Experiments consisted of 1-hour rapid update cycling of a 500-m
mesh with PAWR observations, with 30-minute forecasts initialized from the ensemble mean every
30-seconds. Mean threat scores calculated from 80-forecasts of reflectivity against the
reflectivity observations from the MP-PAWR at 3-km height, showed large variability on the
length scale providing best forecast skill, which was different for each case study and at
different forecastlead times (Figure B-10). However, in general, across the 30-min forecast,
it was determined that the most suitable scale for the SCALE-LETKF was between 1-2 km. It was
found using these smaller localization scales reduced the over—intensification of convective
activity that would build up rapidly from the initialization of the forecasts. As an example,
Figure B-11 shows forecasts initialized after 30 minutes cycling of radar reflectivity at 3-
km height at 5-, 10— and 15—minute lead times for experiments where localization scale was 2-—
km and 4-km. At each of the three lead times, the intensity of convective activity is shown
to be considerably weaker for 2-km localization forecasts, 1in better agreement with

observations. Threat scores calculated with thresholds of 15 dBZ verified a localization scale
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of between 1-2 km resulted in improved forecasts from the 3 case studies.

The investigation into why the use of different localization scales led to large differences
in forecast skill revealed noisy correlation between model produced reflectivity and
hydrometeors beyond 1-2 km distance that would indicate spurious errors relating to limited
ensemble size. Ultimately, these correlation structures would have a detrimental impact to
analyses when using larger localization scales. Single point analysis values from experiments
also found unrealistically large fluctuations in temperature and wind speeds when using larger
localization scales, that led to the generation of regions of very high instability, which

was promoting the growth of very strong rates of convection.
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Figure B-10: Average threat scores over 30—min forecasts for sensitivity experiments for
localization length scale for three case studies of severe weather. Threat scores represent
an average of 80 forecasts performed during the last 40 minutes of cycling and were

calculated with threshold of 15-dBZ.
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Figure B-11: Reflectivity (dBZ) forecasts at 5-, 10— and 15-minute lead times for

experiments with covariance localization scales of 2— and 4-km
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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, doi:10.2151/sola.2017-001.

Miyoshi, T., and co—authors, 2016a: “Big data assimilation” revolutionizing severe weather
prediction. Bull. Amer. Meteor. Soc., 97, 1347-1354, doi:10.1175/BAMS-D-15-00144. 1.

Miyoshi, T., and co—authors, 2016b: “Big data assimilation” toward post—petascale severe
weather prediction: An overview and progress. Proc. the IEEE, 104, 2155-2179, doi:
10. 1109/ JPROC. 2016. 2602560.
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T fRNTIE % F\ N2, BOLT OFEREAERE 1L, SCALE DFAE T mUZHN T, LETKF 1 ¥ 7 LD (30 FOIH)
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Allen, B. J., Mansell, E. R., Dowell, D. C., & Deierling, W. (2016). Assimilation of pseudo—
GLM data using the ensemble Kalman filter. Monthly Weather Review., 144, 3465-3486, doi:
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DRELTFELTVDZENEL DETHEICL VLN > TS, £2C, #ilk 1 kmfEEET L
AT DRERI2 A FORICHEREZT O (T CTRET — 2 BET 2 LWBRIL AT L 52E %2, 2D
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AT DInBIFR N D AR 2B T — 2 Z AT 28 AT L I =2 b—3 9 2B (0SSE) 2@ U T,
2014 45 8 HIZRA LTIRBZERO THRA~DA 37 NEfHliLlz, 22T, BEEART VI ab—
vz v (Nature run) 75 A A~ OBLAKEICHE Y 3 2 AR 70 B E A 7ERK L CRME 7%, OSSE 1% SCALE-
LETKF (Lien et al. 2017)Z VT, 2014 4£ 8 H 18 H 00 JST 75 20 H 00 JST MM, 30 43450 NCEP
PREPBUFR @ 7% [k L 72328 (CTRL) & | PREPBUFR (22 CH A b DF —# % [A4k L 7= Bk (TEST) 217>
72 & HIT CTRL, TEST MHFIZ-DUT 20 H 00 JST ZATHIRFZ] & L7z T IEBREZ 1T o 7o, T VORISR
BRI 1 km, SREB0JE, T oW TR N—HT 50 ThDH, K B-14 X THRFIEBRICK TS 8 A 20 H
00 JST~01 JST @ | RfIfEHEEKETH D, A MIXHBHT — 2 %2352 L2k - T, KR&EE
RIENOKELZIE NS E L, HA T —Z 2L L7205 T2 5EIT T, TR ED 30mm ciET 25
e BN T,

CTRL Nature run

36N 36N

35N 35N
34N 34N 1

33N 33N+
b b

32N 32N 1

129E 130E 131E 132E 133E 134E 135E

0.5 1 5 10 20 30 50 80 [mm h-]

X B-14 : 20154F 8 H 20 H 00JST~O01JST (21T % 1 WefifsE A& mm h'], CTRLIZHA FOF—
a7 LOFER., TESTIX O A T —H[EHEdH D D&, Nature run 1 OSSE IZ8I1F 2 EDIRAER Z
NENRT,

S35 3R
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, doi:10.2151/sola.2017-001.

@—11. RKF =LAty 2T L OB RIS D UEEDRE

BIRDI L « FEEITIIKREIEHER O AAERANTFEL TRV | 7= & 2 IXRE OB RITIEEED B KR~
DENT T v 7 22 REL LTHREEZRETDIED 7 4 — Ny 7 28164 —F, MiEE X EE
%2 ETCHEKBEE T ST T v 7 22/ NS LOREEZMGIT 207 4 — Ky 7 &7
59, LnLann, < OKGER CHR/AKEIZI GORERAEETHY . MAERIESE IR,
T —ZFUL OB BIE, [ LITERRIER SN BE»ICE SN TN TS, Tt en
—MOWHKIEEZZ XD Z & THEAOHFHMENR L3252 LM TEHY (Kunii and Miyoshi. 2012),
REMEREA T — 2 [FUL Y AT DB 5 BRSO BT OB B2 BT 5 Z L IISBEETH 5,
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AT, HIRKKETVERFIT VY T~ T 4 A SW T — 2 FE Y AT A
SCALE-LETKF (Lien et al. 2017)IZ8R1E 1 IRIC D 5 72 BT T /L Price—Weller-Pinkel &5 /L (PWP &
F )L, Price et al. 1986) ZHIAAT, ZDT AT L% AV, KR EEE 156km & LT 2015 4E5 R
W15 BEXGE L CEREIT oo, WEEE O FEER T PREPBUFR 7 — % O A& RLL TR Y, PWP £F
VOB E Y725 WEKIRO B EHCERE FOGHITHER IS, AROKEIIHAICHETE
Rhotn, SEET, BEOAL X LT —2 (PLRELNE) 2R+ 25 2L T, BHEEoSEE2 R
fBL7,

4 B-15(FE) A7 v TN A AN=IZBIT 5 aRO R OfIEEZ R L TR, PV ETF AVZHM L
FBR (PWP F2BR, 7R ORKIT, EBEAKRZFTS E LEFER (CTL, ) Lo bEl S z6 R0k
B OCRR) ICXER LTS, BlllSn-aROKRKEMTHS 8 A 4 BIZiX, 7y Hr 7 A F¥EE
DFRJE T PWP F2BR CTI1E 930 hPa £ TR F L CTH Y, CTL FEBRD 950 hPa LV L K& R EN R SNz (K
B-15 £7), PWP ZEZBR CII RKIBEMOAD T 4 — RN 71X > TRAOKEIZIH S TWDH, A v
N—[OERDOFLNLER TN LD T oY T A LEmERREEHIND Z LT,
B TR A ED A L N—NE LSS ZVEUER RN TG LT B2 b5,

Min. SLP [hPA]
1010 ——
Track 1000 155
TS SN 77 p——= 990 {
35N . l e OTL 9801
30N 3 —— PWP 970 1
960 1
25N 950 1
20N (o 940+
\ 930
LoN ) 920 1
10N 610
xS ) 900 {-=CTL SN
N A7) . 890 1—PWP / \V/
BQ 1o B g 880{—BEST \ v
110E 120E 130E 140E 150E 160E 170E

870 v T v T Y v
30JUL 31JUL 1AUG RAUG 3AUG 4AUG 5AUG 6AUG T7AUG

X B-15 : (/&) T Yo TN A ARN—ZBIFHEBOFLLEE () FOKE (hPa), SEERITE N
B, FHIEmAKEZ TG & LI2E RO, FREIEPW T L A2#H L7 EROEETH 5,

23k

Kunii, M., T. Miyoshi, 2012: Including Uncertainties of Sea Surface Temperature in an Ensemble
Kalman Filter: A Case Study of Typhoon Sinlaku (2008). Weather and Forecasting, 27, 1586-
1596, DOT: 10.1175/WAF-D-11-00136. 1

Lien, G. Y., T. Miyoshi, S. Nishizawa, R. Yoshida, H. Yashiro, S. A. Adachi, T. Yamaura, H.
Tomita, 2017: The Near—-Real-Time SCALE-LETKF System: A Case of the September 2015 Kanto-—
Tohoku Heavy Rainfall. SOLA, 13, 176, doi:10.2151/sola.2017-001

Price, J. F., R. A. Weller, R. Pinkel, 1986: Diurnal Cycling: Observations and Models of the
Upper Ocean Response to Diurnal Heating, Cooling, and Wind Mixing. J. Geophys. Res., 91,
8411-8427.
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@—12. TV TNAN~2T 4 NE e AOTET — 2 Ry 2T AOB%

WRELT VA7 — b (ERAFHES) 72 & OBINEIN DOIEEIZ L - T, EF. e B N
LTW5b, EIUTFE, BRkx RMHET — 2 b A7 ARE S, WERBMNTT — 27 > N O1ER
OUMHEBLAME OFEAM 72 LITHENTHNTVND, I HIT, ESHREE R E~HkT 572012, VT4
A LTOWETRHITOIL TS, TIEIT I BRIZIZE ORI EZRBLICE 57— AMLFE (7
YT~ T 4% (EnKF) | BEZRYTH D Z LR EnD | WFETE T L~D EnKF O EIENHEA T
W5 (e.g. Penny et al. 2013),

OB — 2 OISR R OFEIT VR E o 1 E B X 0 B R E FRE T o[RS ArREIC
20 MEOBENIIFF SN TS, £ZT, 1 A&V BB WELY A 7V TLERICEINET 5
EnKF Z AW 7=MgET — # Bk A5 A Stony Brook Parallel Ocean Model (sbPOM ; Jordi and Wang
2011) +LETKF ZBi% T 5, TORE. PR AT UV AEMFEL 2R S, T TV RAT Ly RO
IBRPE T A RN K D1 % B AR FIEIZ OV TMRA LT,

T oY TNVAT Ly ROMi B E P < 4 TR O HREL D Multiplicative inflation (MULT),
2: A (NONE), 3: Relaxation—to—prior perturbation (RTPP ; Zhang et al. 2004). 4:
Relaxation—to-prior spread (RTPS) ]&f#MTA 2 U A2 FZ&43# L TH 2% Incremental analysis
update ¥ (IAU{%E ; Bloom et al. 1996) O/ « A fH o 2 FH 2 MG 72 8 HiHORKL TSR, 6
FEFHD RTPP & RTPS DFFF/NT A — % & 5.2 T 12 TR DKL FERZAT > 7o, 15 O VT AT IE 0O Hiffir i
MR Ay A2 W A 7= 912 Nonlinear balance equation (NBE ; Zhang et al. 2001) MDFE#=E A
NBE. KDLz 5 7= I8 T — % & @ Root mean square deviation (RMSD) ZEH B L7-, =D
FETE, FRHTIE O MM A 07 — & OFEEE X RTPP/RTPS & TAUIZ K> THREICHE L, MILT IZXL->T

FICYOE L Tz, F72. ARBFEIC K-> T, RTPP/RTPS & IAU A GE 5 Z & THEFET — # [Alfk
VAT ANRERNCEMEL, b BRI & 7 — % ORERS bz, 728, RTPP & RTPS O#E
FiXZ 2A—4130.8-0. 9 FRE TR L RN o7,

NONE+IAU | MULT+IAU | RTPP+IAU | RTPS+IAU | NONE MULT RTPP RTPS
ANBE (x107°s7%) 0.6 3.14 0.52 0.56 1.28 107 0.81 1.14
NONE+IAUZES#
0 -427 13.2 6.7 -105 -1702 -36 -91
ICRS 28EE (%)

FB-1 1 2016-17 s L ORI TS L 72 AR 2EBR D ANBE & NONE+IAU S2BRIC A3 D s, R
e HFOAITNTNAERUWEL L0z RT
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Jordi, A., and D. P. Wang, 2012: sbPOM: A parallel implementation of Princenton Ocean Model.
Environ. Model. Softw., 38, 59-61, doi: 10.1016/j. envsoft.2012. 05.013

Penny, S. G., E. Kalnay, J. A. Carton, B. R. Hunt, K. Ide, T. Miyoshi, and G. A. Chepurin,

2013: The local ensemble transform Kalman filter and the running—in—place algorithm
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applied to a global ocean general circulation model. Nonlinear Process. Geophys., 20,
1031-1046, https://doi.org/10.5194/npg—20-1031-2013

Zhang, F., C. A. Davis, M. L. Kaplan, and S. E. Koch, 2001: Wavelet analysis and the
governing dynamics of a large—amplitude mesoscale gravity—wave event along the East
Coast of the United States. Q. J. R. Meteorol. Soc., 127, 2209-2245,
https://doi. org/10. 1002/qj. 49712757702.

Zhang, F., C. Snyder, and J. Sun, 2004: Impacts of Initial Estimate and Observation
Availability on Convective—Scale Data Assimilation with an Ensemble Kalman Filter. Mon.
Weather Rev., 132, 1238-1253, https://doi.org/10.1175/1520—

0493 (2004) 132<1238: T0IEA0>2. 0. CO; 2.

@—13. BETO 1000 A > /X—SCALE-LETKF O ZFE4T(Z A1) 7= T 325k

ME ) OBREEA W T, SCALE-LETKF @ g {E] L ToO v A7 AMEEE KX ORI ERIZ [T 72 T
FBRAEAT>T2, £ 1000 A 23— 18km M1 T 6 el g O RERABIN 2 [F{b 9~ % SCALE-

LETKF (Lien et al., 2017)% [&&) LCT347 L. LETKF %45 O AT K % Oakforest-PACS (OFP) T3
ITLeHa Ll Lic, ®RE LT, B2y, ') TiE OFP IZHA~THERRFRHI K 3 43D 1
ERDIEEMER LI, L, BEE OFP @O/ — Nl B — 7 HRENZ24 3. 072, 3. 0464 &1FIE
FALTHY., /— FEIZOFP LERTEEINAG THLZLE2EBET DL, TEE] TOEDMERIT
FI2T%IE T LTWD Z &Enmmole, ZOTAHEBROK R TILLETKF ® 22— RO A Ly RIFHEDE
EBICBOTHRICRBELESNTWARP T2 ENFRRNTH L EEZ LN D,

B — R FTERERE (FD)
=i 2002 76.8 (6 YA 7 L DI-1E))
Oakforest—PACS 501 226.0 (5 YA 7 D))

#KB-2 © HiE& OFP T® 1000 A > /X—LETKF D PrEKREH O b,

F72. 1000 FTAUN—HAEEL LT & & DITIEOREE~DEBE LT~ T, kD 50 A /3—D
GaaiEHEL L 62025 1000 ETOERRD A AN—HIZBWT 2 HHIOAE VT v 7 %2475 721D 2020
8 H 3 HOMMTEK O —HEEM (6 ReRTOMATIED & O T ML) OREZ Uz, HiICIIE
BT I 72 D R 130-145 B2, bl 30-42 FEIC BT A5 mE, SEKICOWT, IV UFTE
F OV BRI & bef U 72 2 G OS5 AR (RMSE) 36 K OVNERIRAZE (BIAS) & Wiz, F 7= [AlER
D i 2 NCEP GFS 36 X OVRRIT A Vit 2 FEHEIZ L TiT o 72,

fa el U CURPEEP L OSIRIZE LTI A 23— 24 DL EIZEWT A 8 —53 8 2 512240 RMSE,
BIAS & & ICHABICID T 2 AR b (KIB-16), F-fHHEDL72 57 6 HRITHRICH - 55—
HeEEME b kE L- 2 & T, BUZBNCIE ST 5 7200 Tle < BRI 72 3 A PO B C b MM E 2 S L T
WBHZEDPIRIBENT, 22 L— T, KERIRA T EMERARIEREIZ DWW TE A VA= 2 LT
HIFENSE L o7z (KIB-17), F72, FEEITOVT 400 A 23— 1000 A 23— DFERIZ 1T
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BRIEVR R LN -T2, Zibid, SRIOEBRTHE I A FOBEBTA U AA—HIZHr»b 5T R T
RAHEEZRW -2 ¢ n—REEZ NS,

500 hPa
rmse U (m/s)
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] !
w i
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@ 1,04 :
0.0 T ; i T T .
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6 12 24 50 100 200 400 1000

[ B-16 : 2020 4£8 1 3 H 00UTC (2361 % LETKF 0 A 2 /3—$1 2 & OfRHTE (R 36 L O —HErE
Tl CRAERY O, T 24 T B & el U7z 500hPa {53100 #TP6 A RMSE 38 X UVBIAS. I3RS
. FRRIA T Ly RERT,

rmse MSLP (Pa)

50.0 ' L ' ' : !
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04 o o) i 2 oo trgaassenepr s LTI TN,
—_ cEzmmmmmma m e
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=1.0 T T T T T T =50.0 T T T T r o
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B B-17 : 2020 428 A 3 H 00UTC 1Z351F %, LETKF 0 2 2/ 8—4 7 & OFEHTE (RFEH) 36 L O —HiE
i (RARAR) D, 7 VA4 T BRI E Heig L 7= (a) 850hPa £11T D k2R R IR A Eeds 1L O (b) i s 1IE &£ D
RMSE 35 L OYBIAS. HRMUIBLRRRE, FRIIA T Ly RERT,
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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, doi:10.2151/sola.2017-001.
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@—14. RERACEMLSE 56km + 1024 A 73— NICAM-LETKF % VN2 F0 2 46 7 ) B2 O Fef5i] 28Rk
G2 4T AR, TEIE LIHERNATRRIC K » THMNHT Z2 U IC SRR & 72 0 . REARIR CIZEREE) ||
DI L > THERBEEN G720 S, SENICL AHERBOT- DI, FOKRFENLERN % 5y
Bri, THlZR ET2ZERARRARTHD, UL, BUIRERKEIC X 2 Bk 2 B2 PR B < T3
T5Z LIFFEFEICHEHE L, ITEOFHEBEMREDM EIck o T, L0 EL OV T E AW THER T
MAMREIC e > CT& 72, ABIETIEL. TH) OB%METHLA—R—ara—% [FEiE #EHLT. &
BRAK ERRAGE 56km « 1024 A > 73— NICAM-LETKF FEBr & 320 L. S OMERFRE T 3o 7 v %4
727 JFABIMT I X 2 BEIRIRHT 21T o 7o o AR Tl K AR EE 56km 0 NICAM-LETKF 2 2 7 A (Satoh
et al. 2014, Terasaki et al. 2017, 2019) ZfiH L7-, EMPEAXF—AFX1E—A L FVULT AX
—LEHWe, Tt EIE 1,024 & L, R Al Relaxation To Prior Spread (RTPS)
ZHWiz (a=0.95), [k L7287 — 213, 7ERMBIIN, R~ 7 et v 4 (AMSU-A), ~ A
7 aEKRELRIY T H MHS) KON v A N7 v 7 Ef~A 7 il iihtit (ATMS) Th b, 7 — XAk
AT ME, AT v T ODIZAR 246 A 1 B 0000 UTC 2> 5 6 BEffifE0 7 — % F{bH A 7 v % Bth
L. 7HT7HI1800UIC £TITo7z, 7T H 7V FHIERIL 6 H 24 H 1200 UTC Z#Hifii & L7z 10 A
T, 29 A 1200 UTC Z4J#ifE & L7=5 AP, 29 H 1200 UTC Z¥HME & L7z 4 A Tz FEii L7z, %
LTIHBXIZTHAS BETEYMIMEE Lz L HEOT o 7T EITS T,

¥ B-18 1%, ET VO RIS 5 HFEFE N 100mm 282 72 K2 Tl 27 oo 72w
N DOENEGERT, 1,024 HOT o TV EFEOZ L OFMEEZFHIT 5 72DI2, 1,024 7L
DHED T U H BT TV E I LTc s E L ik Uz, 64 D5 7 o 70 CTIEa i 03 B
b THEAEWEIA TR Z FHIL TWA N (X B-18 /8) , B E e B v T VBN Dz, EBRIC
KEZTHILTWAT BT A o _"—D83b 70, Lzl o VR 2 Ao T, MR
AT DN/ 0 | TN KRR OBV EAKIEZ LR D 2 LN TE T, RFRROMEE i
IZFE LD, BRER ARG LT,

Initial time: 2020/06/29/12Z (FT96 — FT120), 64 members Initial time: 2020/06/29/12Z (FT96 — FT120), 1024 members

. - 3 :
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X B-18 : 2020 4F 6 H 29 H 1200UTC Z#JHIfE & L7- 1024 A L X"—D 7T B T FHIZHE S 7T H
3 H 1200 UTC 7% 4 H 1200 UTC F£ T 24 FEIFEF K ED 100mm 2 2 5 5540, (f£) 647
L. () 1024 ¥ 7,

ZE 3R

Satoh, M., H. Tomita, H. Yashiro, H. Miura, C. Kodama, T. Seiki, A. T. Noda, Y. Yamada, D.
Goto, M. Sawada, T. Miyoshi, Y. Niwa, M. Hara, T. Ohno, S. Iga, T. Arakawa, T. Inoue, and
H. Kubokawa, 2014: The non-hydrostatic icosahedral atmospheric model: Description and
development. Prog. in Earth and Planet. Sci., 1, 18, doi:10.1186/s40645-014-0018-1.

Terasaki, K., and T. Miyoshi, 2017: Assimilating Advanced Microwave Sounding Unit—A satellite
radiances with the NICAM-LETKF. J. Meteorol. Soc. J., 95, 433-446, doi:10.2151/jmsj. 2017~
028.

Terasaki, K., S. Kotsuki, and T. Miyoshi, 2019: Multi-year analysis using the NICAM-LETKF data
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@—15. TV TNIN~r T 4 NE EMBEDETIRBEFEC L D7 — A1k

R D R GEH T AR K E W) HEDOT —ZA{kiEE L TR 7 4 V2 72 ERFE S
TWDLMW, T TN~y 7 0% (EnkF) XV EDMNTIEEZG57-0121E, 7oy 74
A RRLBT — BN D HBRERETVLENDH S (Penny and Miyoshi, 2016), AHFFETIX EEROEE
ZHME LT, EnkKF OfTEZRESEIC L > TRFMICEIET 2REFE T v T~ 7 4
% (DL-EnKF) Z42%7 % (M B-19), HETFE DAL P HE & BLHE7Z T T72 < EnkF Of#HTE H
Mz 52 L2 & T, IRWZEMEFEOBLIT — % BNEEOIEH & MY ATy, REFENEET S
BT — 2 OFHEH AT & L, FELRWEEAIT — 2 1% EnKF OfEHTED HAER L THE D .

| forecast . analysis forecast
“| ensemble ~ EnKF ~{ deviation ensemble
ensemble 7
- — | missing -
forecast observations ‘ analysis } > ; analysis
| | | ‘ observations 2 ensemble
observation = = )
availability | > Deéep Learning | [ DL-EnkF
: (|oca|) - analysis

X B-19 : DL-EnKF OAFRD L, FEANIA ISR,

DL-EnKF DYREENZ IR D 72012, 40 8D Lorenz—96 £F /L& T ¥ T YA X 10 O serial
EnSRF (Whitaker and Hamill, 2002) % MH\\\T7 —X[EHLEREZIT o7z, RETEH O - BEET — X
1, T—Z LIV D ET VOB S 2 b—2a UnBIERR L=, 7 oH 744 X 1000 O
stochastic EnKF (Evensen, 1994) | X M2 ZENT — % &3 2 HE bR, BRIk M@
D,

a) 7RI EERRIC X D EnKF OEATE 2 RIEFE O AN A 2 SRR E L, AJJD22 /i
(ATIHRE) TS DR EE DARFEMED D Z & 3o Tz,
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b) BT — % OZEM AR - ZERIIC T & MZEE) LT, DL-EnkKF (ZRIE R < ENfET 2 2 &
DHEND BT,

o) (B ZRE (BT — % ORRIRKIFGE @ 0.05) (21% DL-EnKF OHEEE 1L EnKF L 4557278, JF
BIEPEA SR & (REREIREIRG © 0.5) EnKF X 0 @RS E O iE 53 57 (K B-20),

d) EROBEOLEA. KB-19 OF —X b A 7 NV EET Z L2k - T, EEFEOADEE XY
FEEMRM BT 5 Z &3 HivTe (K B-20),

e) K7 %27V EnkF I X DMHTEA Zf7T —4 & LT%, DL-EnKF IZ X DM EITEEY I = b—
YarERWEEE ERERWI ERDhoT,

£) BT — 2 2 ER LT ET 83D LR DTV CEIIT — 4 Z[E{E L TH, DL-EnkKF 12 X 5K
Eod#Ex, FALETATRIELIESA ERRETH -7 (X B-20),

BREOFER ) 1L, BERKOT—ZRMLIZBWTH, T—XEMbICHVW A HIEET VI DY I 2 b
—va Y CEE SR, TR O EAIRETE 52 L AR LTV D,

1.2
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[X] B-20 : Lorenz—96 €7 /L DEMNTEAZEDLES (B: EnkF, &k : EFEH O, #F : DL-EnkF), BT
— Z IR A RUCRERIIRE 0. 5 CA(E L, BUHRRAEER AT 1 B0 & BUREILREIH F=8 OEF
NVTERC L, 7 —Z AMiasfilsE F=7 (£) ,8 () ,9 () @ 3@Y OEF /N THEM, BEiIAN
R, KL EnKF O i 7e A% R~ T,

235 3R

Evensen, G., 1994: Sequential data assimilation with a non—linear quasi-—geostrophic model

using Monte Carlo methods to fore— cast error statistics. J. Geophys. Res., 99(C5): 343-
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Ensemble data assimilation without perturbed
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@—16. KRBTSO T RN R 5 R Fire e &b
ek ZKEFSRY — REZ A LA TFHTD7-0120F. /REETT IV EKTETIVOMAEDLEIZLY .,
KLRBHEDORIRE BRI LB R B D, 2 DOOFFTIAMNFIT/NT AR B — g LRI EIS
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T A=ZFIROEEMWERH Y . ZNHIKLRREEDOET /U, OV TIIKED TRIFEGEIZZ KA
R LBREL 6T,

AIGUNTERT o TR LB E ORIEIZ LD . ZD XD KRG TR AT DO RS
HOEREIEBIET, TETVORMNRTA—ZEBLIO, #EORTAZYVE—va U AXF—L208)10
RENAKRENRE L, BRI REOHFRETET VEREMMEST 5, ZOERT VU 7V ORRERER
AW EIC L OIIT L, N7 A =2 EIREET VS OBREZER T 2REBET NV EMET H, FHHE
AARNOPNENRELETADARKDOET NVOZEEEZNRILTE DL LWIHIRED T, REET LOZEEHNL
TR AT LD EZNZED L D IRAHEFENEN & L A HEfEr - EERICEFT 5,

AAEE IO R & L CL fEIRA ST T /LT D Weather Research and Forecasting (WRF) @ 11
HOET NG A—=L 2 —5y &L, 2015 FORRRALSEN & $6C Lo FE2 B L,

¢ B-21(a) ITHA T E IC L OREET NVOBIEREZ R L bDTH D, FEITHEMT 29 714K
DWYEZ DITE | P E DY WRE O 1 REREIBE K B2 S IR CE 2 2 & bnd, MELZAREET
VW, WRE D 11 XF A= D H 5 1 BEEEKEIZREDSH 5 /37 A —H% % Sobol’ s index Z#tHE
THZ L TRDE, EEZO index ZFHET H 720121 1 FEILL EOET VORF G BRLEREN, K
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@—17. A Machine learning approach to the observation operator for satellite radiance data
assimilation

Assimilating satellite radiance proved to be useful to improve the performance of the
numerical weather prediction (NWP) model. Because the satellite does not observe the model

variable directly, an observation operator (00) is required to derive the model equivalent of
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the satellite radiance from the model variables. It is usually based on a complex radiative
transfer model (RTM) with a bias correction procedure. Therefore, it usually takes time to
build 00 and start using the new data after launching the satellites. This study explores a
data—driven approach to accelerate the development of the observation operator. Trained by
data, machine learning (ML) can reveal the complex relationships between model variables and
observations without knowing physical laws.

We tested ML as 00 with the Nonhydrostatic Icosahedral Atmospheric Model (NICAM) and the
Local Ensemble Transform Kalman Filter (LETKF) system. This reference system assimilates
conventional observations and the brightness temperature (BT) from the Advanced Microwave
Sounding Unit—-A (AMSU-A) using an 00 for BT based on RTM (RTTOV) and an online bias correction
method. We performed 1-month DA using the reference system to train an ML model. The outputs
of the ML model were satellite BT, and the inputs were the corresponding NICAM model variables
and bias predictors. Next, three experiments were conducted in the same month the following
year. In the first experiment (CONV-AMSUA-RTTOV), we assimilated the conventional observations
and the AMSU-A using the RTTOV as 00. In the second experiment (CONV-AMSUA-ML), we assimilated
the conventional observations and the AMSU-A using ML as 00. In the third experiment (CONV),
we only assimilated conventional observations.

The results from the experiment CONV-AMSUA-ML showed that the ML model treated the bias
properly. By using ECMWF reanalysis data (ERA-interim) as the benchmark, the RMSD of the
temperature and zonal wind in CONV-AMSUA-ML are slightly higher than CONV-AMSUA-RTTOV but
lower than CONV (Figure B—22). Overall, the global average of the temperature RMSD in CONV-
AMSUA-ML is 4% higher compared to CONV-AMSUA-RTTOV but 2% lower compared to CONV. Although
the performance of the ML model is slightly worse than the traditional RTTOV based 00, it can
successfully act as an 00 to assimilate the satellite radiance and improve the result. The

results are encouraging although we still rely on a physically based RTM to train the ML model.

Global average of temperature [K]  Global average of zonal wind (m/s)

rmsd t g rmsd u g

RMSD < - no radiance
RTTOV radiance
ML radiance

bias - — ==

sprdtg

sprdug

spread

/

Figure B-22 : Evaluating by ERA-interim, (left column) the RMSD, bias, and spread of
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temperature (K) and (right columns) zonal wind (m/s) from three experiments.
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Kondo, K., and T. Miyoshi, 2019: Non—Gaussian statistics in global atmospheric dynamics: a

study with a 10240-member ensemble Kalman filter using an intermediate AGCM. Nonlinear
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Miyoshi, T., 2005: Ensemble Kalman filter experiments with a primitive—equation global model.
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Araki, K., T. Kato, Y. Hirockawa, and W. Mashiko, 2021: Characteristics of atmospheric
environments of quasi-stationary convective bands in Kyushu, Japan during the July 2020
heavy rainfall event. SOLA, 17, doi:10.2151/sola.2021-002.

Davis, C. A., and K. A. Emanuel, 1991: Potential vorticity diagnostics of cyclogenesis. Mon.
Wea. Rev., 119, 1929-1953.

Hirockawa, Y., T. Kato, K. Araki, and W. Mashiko, 2020b: Characteristics of extreme rainfall
event in Kyushu district, southwestern Japan in early July 2020. SOLA, 16, 265—270.
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2004; Satoh et al. 2012; Yoshida et al. 2014; Nakano et al. 2015), T v ¥ > 7L EBRD B EEH
WIRENZ A L7 & 2 A, SRIEENE IR DB RIS 5 7 — ANE N2 L MR ST,
Z ZCEYPIRTEORE L ME L, & ORRE & Lz,
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X D-6: A EERBEIORT AT —K, EXIZT 7 +/V b, PREITEES, A
CERES(fi2 7 &7 b) Z/Rr9,

SR FZBR D —F A 2 [ D-6 |\ZR T, ERDT 7 4L bR E TILHRE 60 B 90 FEFHTE D~ H
(RIS ENE TR AMEI L T2 23, desth (K D-6 Hroe) 13 120 BELIRIC & st il BINE R I AN AT
L. EBH E UM AR LTS Z ERDh5, BSISO & B RDIEALREE & W\ o 7o iEENEE & OB
REFERANCIHE T D 2 L OEEMI MR ST,
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Q@ ~yTv Va7 URBOFENEN EEREREMRGET AR T 0 =7 OB (HEE 2)
(RO R R R ZET)

HRAEEORREMGET VET VAR T HEEE 722 =27 & DYAMOND (DYnamics of the
Atmospheric general circulation Modeled On Non-hydrostatic Domains; Stevens et al. 2019) 723
2017 FEITHRE S 2018 FENDLEBEMICHED LT\, Tuy=7 O HMIL, REEMEGEEET L
DO Z B U, storm—resolving A7 —/L (1km~5km) DY I =2 b —3 3 »OFkA RS>V T
fRERD D Z L, FERIROBEET VK T 0P =7 NOBEELZ L ELTRBY, 7VT7, 99—
ooy JEKRERS E TE2HELS DRKET NI A—TNRBIMLTND, 2020 HFFZDOFH 2 7 = —R
WAV AEFERE T2 Z — 7y MK EOBINT 5ET /113 2020 4F 1 A 20 HA25H D 40 H hindcast EBx
ZEML, F—078m ha/ZBWTRREZENT 22 L 2RO BTV, NICAM [FdEERkE F4 #
—#w & LTWZDYAMOND %5 1 7 = — R|Zfe &, DYAMOND2 7122 = 7 MIHBIML TV 5,

NICAM DOREZREfGET ME, BENRTIA XV P—r a3 V2V TEORNRIELI BN ZHTET 5
m%%vwkmm\mwm@ffkm$@m% TOEMEHIZHAET 5 L T ERITIEWETES
FTFANTRIAEEIZL TS, UL, BSOS T v R LEWES TOEOIR LB O )5
Z BUE O EM W B &@4ﬁfﬁ%% IRTOIFH L <, EMBELRFRIZ OV TORIEEMEIIRIZKE
VY, EBRIT, NICAM OZFEHEi A 7 — VP EORMIRE/) TOREAERE & 72 > TV 5 highresMIP 325k (Kodama
et al. 2019) TEHINTEEWWPERETIE, v~ v T« Va2 U7 UREE) MJ0) Oy AT A
DRBUTR-D K > T,

% ZC. DYAMOND2 Bz 720, 2018 4E 12 H D MJO DFHIMEIZHSOWTHRLNRT XA —HF 2 A —FFHEER
Ze KRG 14km, $RIE 38 J OML BB T 100 & — 2503 L, HOoRK~%r A omoy I 2 L
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— 3 a U CHEMNRELV AT LAEHBETHIOICHE LW ART A=y NEefFE LT, TDO/T A —
% b % DYAMOND2 OF%E & LTERA L, 78 ha/Uilit > 2GS %2 DYAMOND2 7’1 =7 b~
— XA Uiz, & 512, PIEBRE LT highresMIP EBROZEMMPL AT A —F R EDER HIITL T
FhL, 22o0YIab—va OB EIT o, Ziub 2 DOFEERIL EOWF O FBAENTT — % & WIHE
T — 212 h 2 AKEARGEE 3. 5km, $hiE T8 B CEEZ AW TS 21T/ 27,

ES A2 OND2 EpupEsE ighresMIPZ #4725
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B D-7: R LS & RIS (Wm?) OReHI-REWTH X, /57>5 CERES OS], DYAMOND2
& highresMIP BRED NICAM D ¥ X = L—v a Ui a2R T, BVAEH T E 720 03 1 i35 MJO
(D S IEBN D & 7 F /b, oD FHEERE T O KIBHY 72 eHiiiG B DAL B D 22 R AN BLiviGD 28655 20 A
HIZY72% 202042 A 9 H, L Z DRI O B, 202042 A 1 H & 2020 422 A 16 H &2 T~d

DYAMOND 2 3% i€ & highresMIP EERODOFE A RO 21T o7& 2 A, FE2 O HH (2020 422 A 9
H) FREEE Tl DYAMOND2 32 2E - HighresMIP % &M T MJO D FHEIZ K Z AWML DAL o 7o hd, &
= b—3 3 U TCIE DYAMOND 2 58 AE CUIRHATEED 23 70 A BICHER SN BLE O RKUTEV MR S
WA R L7 DTk LT, highresMIP 3% E TITRHRIEEIS A & FPEIZEB L TLE D LW o lidEW Bl
T (R D-7), IHIT. ZODFEERRMTOKRILA 72 cHiiiE B ONLE DO 72BN BLLIARD HF55r 20 H B
(2725 2020 4E 2 H 9 HOFIEDO A TH D 202042 H 1 H & 2020 4E 2 H 16 A CTHHATHEIORERAY
PR3 AT A Ah ) & R D L2 (1K D-8), %y 12 HH® 2 A 1 HEFAUTIEL DYAMOND 2 3% 7E &
highresMIP 3% E bHLIE & L P kPRIEBI O A2 R LTV DA, fi5r 28 HED 2 A 16 HIZ 5 &
highresMIP 3% & R ITBAHHRKUEMEDO ST Y AT AN FET D L 212> TR Y, MFiEE O LAE
FEZHRE L TN TN A IRKA & 72 o Tie, A EIO I FEBROFES, FERARE DI O CTEMPEL DR
BN ST 2 b—a VNTRRDE S AT LARBHANTRIRIND X 512D 2 LAURIE S

SRIE, EWMWELITK D RIS 2T L OFRD 53O T K0 FER 7R Al AT 2 1 3D M B 70 S IR iR IR
EHEDDHZ ENROEND, Fo. ARITEEET VLSS LT 2EREMRG T T L O A LA TERL
T2 EN PRI, NICAMIZHEET VARG SEEROERL T Z ENREE R D,
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EREEHEA Wn?) 220 1H (BS 1208 ; BB 216 H (B 28 HH ; TE) &R,

2% LIk

Stevens, B., et al. DYAMOND: the DYnamics of the Atmospheric general circulation Modeled On
Non-hydrostatic Domains. Prog Earth Planet Sci 6, 61 (2019).

Kodama, C., et al. The Nonhydrostatic Icosahedral Atmospheric Model for CMIP6 HighResMIP
simulations (NICAM16-S): experimental design, model description, and impacts of model

updates. Gosci. Model Dev. 14, 795-820, (2021)

@ NICAM O E G EEAVIZ T 72 MJO #9387 9 o 7 VR e (HFE 1 - 2)
RO R PR KR IET)

< v Ty e V27 UER (Madden—Julian Oscillation ; MJO) 11 > FEELETIRAL 30 HH5 60
A 23 TP RIPE & RHE T 2 TR J8 20 kP TG B R AT 1T B D . BARR D b o & b B R FHIN
EETH D, MJ0 X 0(10,000 km) DK ERZEMAr—v 1y AZBX 5 EWVRKHA 7T —VE2HT 252
EIND, BT LD MJ0 OFBLIL, BB RE OB A 77— LB EHI A r— L E TOXRG B G %
VALV RIZTHIT A DELE EEZ LTS, LarL, BITETH M0 OFBUIZL S OET AHHE
HE L CWDONER (Jiang et al., 2015) THY ., MJO HHOKIHH] (e.g. Miura et al., 2007,
Miyakawa et al., 2014) Td& % NICAM (ZF\U T b AR EE A TR BEAR D /3T A — Z 2 MJO OFFELMEIE
RELKGFT D, 512, MJ0 OFFUEGE L SILZ /3T A —Z R EIIFE A 7 — VLA OSSO H
BUCHEAT 5 LIFR O, WIHMESERIBE S L To MJ0 OFH TIEZA < BIEMIIC MJO 23342 FRifin
BEAT—NVORMY I 2 b —a v EA5H%ITH DI M0 L RGOFEREZ W3 2 s /<
FA—BREREDDZENREL 0D, FRICEMBEET VT mY =7 b (HighResMIP) FEBR
REDFER—LTOYIalb—3 a3 TCIETHOGILTUVE NICAM O SRR E Tl MJO O 8L
IR BV . 5% 0O NICAM O @ fidg Bk & Z881 T 0 S halZ 17 F 7 LR FE D /T A — 2 3 E DUE
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MDROHNTND, £ TARIFIETIE, AKBIE 14 km & 7 km ZNEN CEMPEL T A —X BHEZ
LWET Y T NVERIFER A E L, MJ0 &S O BT D AR L I X OVEMIMEL R Z
A—Z DIRFEMEZT D & & LT,

BT T IVEBRORESWIRNITEER D MJO 4 X A ETe 2018 42 11 A 1 H2H 0 90 HfH &
L7 (M D9), MET L H Tl L TIHEDHMBILICEED D 5K OEZEJ G K E R
(autoconversion rate) DfE%E 3BV IZEXT-, AR 14 km & 7 km ZILZ AU DWW TCIR— D5
BRERTECWBET v TNV EREE LT, T2 TIAYY T v A 5 AL LT20184F 11 H 6 Ao
5 45 HOFEFERIZHOWTHET S, 72, 22T 3 SOWET W o 7 T HOW TR OEZE6F
ARERZ/NEL Lo bONBIAIZT VYT 1, 2, 3EMERZEET D,

IR REE 7 km 2N 14 km OB R 240 & B S (outgoing longwave radiation; OLR) D
R EEWTE B (X D-10 BB, X D-11 RBY) TrH#T 2 &, MEF LA TOWIRY o 7 VERICE
WT 1L A5 12 I TO M0 A N2 b (L&, MJ0-1 &EFRS) (ISHE- 7o HHES 2 5l E 23 & %
REFH STV (BD-10 BB, KD-11 EB), L2l 14 km A v a2 OWET 9 7 VFEET
WL 12 A0S 1T AT TOMIO A Xk (MJ0-2) (2 5 kAR EhOMERAL 2359 (7 o7 1),
H L VIXPIEEI DS AEE ETRAE LT CLEY (T 72, 3), BEEICRERS D, £
WXL TT km A v ¥ 2 FZERTIE, MJO-LIZEHIBRE TRV H OO, MJ0-2 [Tk 2 %GB D BN
FHRINTWDLZENRBDOLNT, FRZT km A v T2 FEBROT 470 1 Tk, MJ0-2 DFEICHT-
A v R EOXHRIGEB OF AR MJ0 NOWEHET 531 AT 2O T HFBLE LTz,

LB O BB ZWEET 5720, TNFNDERIZOWT OLR & kD 45 HEH 2 g L= (X D-
10, B D-11 HBt, FBY), TOFER, OLR OFEPGOREE LT, AEAMGEE 7 km FEBRTITRT
TIAZIB N THEEREED & AR BT OLR DMES RO NA T AN DD Z &, A ¥ R L TIIOKSE O
O REROBEME IZ OR BE< 2D EZ/RT 2 &, 2V Lz, F72, KPR 14 km FB5R
CUEACEARAGEE 7 km 28R & H~ OLR 23RN E < 72 DA R 723, K OEZEOFE BRIt
T2 R IR I IR T E 2o 7o, BKRARICB LTk, B7e 2 ARG EE 3 L O 7 o
VRN R W TTHE R R ERIIRO Do To, BKSAOBRAT — % & Ol CldA > RPE
ECRBINCEAREDDIRVMEINIZ & > 723, KFEVE EOREK A0 & TREEZ DUV T d 2 FRE O R ELME
T2 EVHIB LTz,

ARFFEDOFER L LT, NICAM OERBEIC X > TEEI A — LV ORBKSHZFHRL>D1 A4 X2 K
ZHZTMO ZHBTE 2 REMEN IR I N7z, £72. OLR (X D ZEMMEL ST A — H DR FK T
FRIGRE\ARAF T DRER DG ONTZZ LD, @G E L & LR R BRI N T XA —F DEFED S
FEIZOWTEHBEVFELSRND Z L OEEMENRENT,
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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. Res. 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.

@ NICAMIZk D~y T v - U207 ARE MJ0) ORT 7V %E (HIEL - 2)
(BAEDOKL T KF)

B AR CREL AR NBLL TH D~ v T v Vo U T RS (MJ0) X, T ORI 222
A2 —WZER LT, RERBEORKRE « K5 25 L TREE 52X 2 FHE KD 1 D& R>TnD, B
RRUE DI AL D B KRR - BmE RO TR ORT 5720106, MJ0 OFAR X MERED #
AI VT HRET DB AL, TN ZEUICTRIT 22 ENEETH D, ZHETO HPCT #k
7177 ARRA N [ 7uyey MIBIT LW MATEY , REIEFE)FET L NICAL % D
WELERS ORI C 3 5 NICOCO O 14km A v ¥ 2 & W= T 3 7OV ERR (5D MJO 5 2 %5242 54 A
VoR=) TR, BERRMEEE LTy AR TM0 oA EE L FHITE D 2 E RGN E R
S>THY (Miyakawa et al. 2014, 2017). NICAM/NICOCO %\ 7= MJO FRIFFZRIZHA kv 727 F 2D
PERECHED DN TE T,

—J57C, NICAM/NICOCO (3447 L &4 TD MO HfFIT EFELD L 9 R FHA XN EZFFODIT TIERNT &
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LG SN TWD, Bl ZIE, WIS & 72 5 K& OWRILOE T L 0 | MJO OB 23 Tl AT 6E 722 R 1%
10 B D 1 ABREETIESLS< Z L Kim et al. 2016) <2, ldkm A v > = NICAM(ZEBWT 1 » A
ERESBAD Y —FFA LTM0 DFRAE  AsBEREHTE 580 H L 2 & (Miura et al. 2015) 72
EDPRSINTETZ, MJO D TRIFEEMEDIX S D& X, T8 2 D M0 DFA - [EOZ A I 7 MilIc L -
TEORERLE S50 LWIHMBEEBEEL CWD EEX LI, M0 - TA L i~ DK L85
DT ROFRICHRE S HET D, ZO7H M0 DIRDEEVOFED 2 EEANICHEET 5 L L b
DERITIECYIRNER 2 HiE L TR ZLRMNETH D,

F AL, RENEZEEIE LTO M0 MO EEZ BN AERK T 0¥ ZDFEEICER LT,
H—o MJO FEAIZxr LT 14km A v & =2 D NICAM & W2 KRBT 9 7V 32z i L, A v /N —f]
21T 5D MJO DARIEME D HRGET 24T o 72 PRFEHI & LT, 2018 42 12 H FAICA & FEETHAEL,
B H FPAICT THEREFEE Tr AR MIHE L2 MJ0 2@ L7z, 20184E 12 A1 H22H 6 HD
£ 00UTC 123V T, NICAM-LETKF JAXA Research Analysis (NEXRA, Kotsuki et al. 2019) {2 XV Ank
ENT2 100 A _R—ZGHIfE L L7-2AEF 600 A L _R—DEREE T S, HH SN M0 OIEFEX A 2
VDA E LT, MJO OFBMERHmFs K Oy AEBRZIE, Wheeler and Hendon (2004) TE
AT MJO AZARZE M Lo tF AR Lz,

BA U AR—IZH L THE BN D MJO DA - RIEORREZBIT 52 2k, 9 FLLED A N
— (563 A=) MR VLEE TMOIZEDRERDEBET AT 2HE L TVWDH I L 2R LT, £
D ET, MJO P RFFEICRIET D25 A X T ORBUIESIE N AT D &0 9 HRBHID TH LA,
[ D-12 | & 7L 563 A 23— 7% MJO 23 PH A (MJO (2AHZE /] | C Phase 7) (ZEIEE L7 A2 &I250
LB Ch DN, BlEX A I T 75@%5? IDNIHFIELTWD Z bbb, Bl MJO 1X
20194E 1 A 1 H~5 BIZ T THRFEPEICEREL TRY (KK . ZORHEEN AR A L N—RE
BAFET S Hit; 238 A1 3—) *ﬁf\uﬂzoam& IFEGEL CLE S BREOHE  (Early;
177 A=) & 1 H 10 HEMZIZE CREN TIVUADGREDOIEWAE (Late; 71 A /3—) b+370 A
UN—HTEBLL TN D,

X D-13 |% Early / Hit / Late OFEMD IRy ML > THELNREBRICEH T 55 « T
TRVG R - TR K B ORI T CTd 5, 3 DOERIM T, g o7 JER7E23 75 K (150° E-180° )
THILESND XA IV T RHMEIC R/ > TWD 2 ERWD THERES N (X 2a-¢), ZHdA > Rxv T
WErERRE | (120° -150° E)  TOXNRAARAGIZFE 5 TR O TR O FAUTER LT\ 5 2 & 3o
by ZOTNEABKBEOEHE OBEECTRS &, 12 A FALIEICHE K EENRELATEETH o E
97 (Eartly vs. Hit/Late)., F7-IE{LATEEZ R T TH - TH WO kA ETe Ay (Hit vs. Late)
WCRESIKIFELTWD Z ERHAL N E o7 (¥ D-13d-1),

[A—D MJO FHNHRT 2T o TN FEBRIZEB T MO DIRFEX A XV TR ELD LN H F

Fik, MJO OHMEAZFREITLME, &0 DI REE CORBEOEEARE T2 7 e 2AB0TLE
REROICBRTEDHLOTIHRNI L2 R LTINS, MJ0 OFFKFEE~DEEY A IV ZICRAR LR
YR L ORFR 72N B D 10 HRETHH Z L 2EA D &, MJ0 £V biEnZHEE ] Tk
IR ELO T 523, MJ0 ORAE L Z DTN & - THHGCX W E L RIT L TV D ATREMENRS
ZAbD, G%. 20X BRIEERHO S L ITMIER A B ERIZ DWW TR T 5 & L i
fthod> MJO FHHNT6 L ChIRBED KT ¥ TV ERE Efi+5 2 & T, MJ0 DIsiEZ A 2 71 ﬁé
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R3S MJO DI FHDENIIE U T EDRELART MOV THMRAET 2 Z L oHEREMI IR SN,
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ICEEAT T 2 Wi % & 5 2 & TR D R ~EN DK AZ R L, (¥ D-15a 7~7H), — .,
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EHMTHDLEZZbND, WIMIHZAITTH, 2EK lkn A v ¥ 2 MR TORIR TIMORMEE
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EhH—xt LTHIE L, IR BEX W Fujitsu FX100 OFEMEMERE T 7 7 4 T ORERNOTZ I 2 b
—>a VETWTRI L7 REE b L ISR R b 2 DT, ZDtk, MREHEEZ [EiE) CPU T I =
L—2& 8 34E CPU Z W FIEICYI 0 B2 a3 . X0 KSR O i 515 Tl b oo A 2h 3
IZOWTFH 24T > C& 72, FOFEE, NICAM 2 2 b—y g 2BV T 7 U r—3 3V OERY
% Byte/FLOP . (FBWMEZE AF U MRBIZHEHEI D) 1E TR FFRUICHNTW e Y — R a— R & bl
LT 8%EA L, CPUBALTIX M7 726 TEH) ~D A E VMR LERTH L 4552825 4. T4
DERIC DR A MR LTz, o, KD OFE/NUREE Z MR (854 1) MO HKEE (43
AR ICEET L2 LT, SHICL6EOEHRILEZHFZ, M, ¥ab—a VY ORGREICHT
ST, FEMEREE VI 2 b —r a UBEOWED O OFHME AT /24t T 5 (Nakano et al.,
2018), ARBFZETIL, S BICEBZ AW TZEWSERE COR T —Y Vi z Eli L7z, /— FdH7v
DT AR ->T-FF ) — FEE 2 /) — F)vb 512/ — Rk THIIN S8 2 EBRCI, 3HE %2 KEEYE
L CHEHRERFA N2 2 & 2Rl LTz,

# E-1 12, NICAM-LETKF F2BR COBERE 2~ 7, FBRIL SHFHOA ARG E, AFEHO T P
TN A XFZEZHOTITO, 2T Z TT —Z [t/ S— MZOWTEBE S IRAHETO 21@Y
DEBREIT-T2, Va2l —a = MIBELTUL, TRTRAKEE CET L,

#% B-1 : NICAM-LETKF 2Bk CORJEY A A& E
ot Xk Tt XbH

KA T . .
s P RIETFE (BXTCE DAKFREFR T2 DKFR F —
] ¥ #) (I =zLb— Fm#c (7
>7) — & Al{E)

56 km, 256 mem 56 256 4, 282,122, 240 21, 780 80 512
56 km, 512 mem 56 512 8, 564, 244, 480 21, 780 160 512
56 km, 768 mem 56 768 12, 846, 366, 720 21, 780 240 512
56 km, 1024 mem 56 1,024 17, 128, 488, 960 21, 780 320 512
14 km, 256 mem 14 256 68, 513, 955, 840 21, 780 80 8, 192
14 km, 512 mem 14 512 137, 027, 911, 680 21, 780 160 8, 192
14 km, 768 mem 14 768 205, 541, 867, 520 21, 780 240 8,192
14 km, 1024 mem 14 1,024 274, 055, 823, 360 21, 780 320 8, 192
3.5 km, 256 mem 3.5 256 1,096, 223, 293, 440 21, 780 80 131,072
3.5 km, 512 mem 3.5 512 2,192,446, 586, 880 21, 780 160 131,072
3.5 km, 768 mem 3.5 768 3,288, 669, 830, 320 21, 780 240 131,072
3.5 km, 1024 mem 3.5 1,024 4,384,893, 173, 760 21, 780 320 131,072
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E-212, 7 —Z b S— FOFEMEEZ E L DD, ET . 7 o TAEOBENNIEE TS L,
T Y T DEINAE WG R RFEIIIENT 5, ZAUTEIZ, LETKF 0 2 7 5HEE S TIThird
TV TN T oY T ABORAMNOEAEREE T oY T AR T oY T BB IO
T oY T x R S AV BLRLSE OATAN OB T B OB & 7 Y 7 VO EINT H
LTRELRDMBTH D, &<IT, MHRERE CIEREORBR OB R 6 s, —7,
AR & AT81 x ATFI A 2 BUREEE TTT o 72356 ROBR I T o o 7 VRS 2 513 S5k
FEIZHEARTEE(LT D 2 LAV RE T, AR CIE, BB 2D CE-BAMET A 77
U Kevd (Kudo and Imamura, 2019) Z#E A4 252 & T, —fRAREMFHE T A 7 Z Y THDH LAPACK
AW EAMEEE L 5 Ui R 2157, Kevd 2 AW - B ES5 Tl matrix deflation
ERFEN DR R EEEAMEREFEOBE LY bIIRERET L2 & T 7 T AR LT
PRIGRR RN E o2 & EBEZ B D, RIT, KB EDOEVCER L72hE, WU o3
TAETIET o AST 0 MY T IR TENEDL RN, U — 7 A r—1 7 LMD
MREFEIE CRHMI S ND Z L1072 D, IBAFEHE 56kn A > 3 =725 3.5km A v ¥ = DFETIE, &/
— R CHARATRRT — Z BIL 5TiB 705 1. 3PiB ~II L T 5, I b b B RGarR R IIE & A
EBL L TELT . RFETEHHA LT — 2P LDV AT AT VA U RNENTHD Z ERENT-,
— 7 TROBEE O R T, BEAEREIC DR O 7t Ao LR TF v ART P TV
DM DI T KT DM S o 7o, ZHUTHWZBUT — & BHBIF Y 2 Ff-> T\ b Z &
ERLTEBY, 7—FF0LOTH A HEL LTZEERE LT, A NN T U RERETDH T EREEL
poleledThoD, T—2BE)a X FOHEFRAMDOE—IT L — RA7OBRIZH Y |
AIFFED KRNI A ST D= R =7 O CHERER LBV T 7 AL 1/0 OFdb a2k L
E) N REROFFERH A CEL I EEZREL TV D,
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O 3.5kmXA v 1 (iEHEE) e 3.5kmX v ¥ 1(RERBE)
O 14kmA vy 1(5EE) e 14kmA vy 1 (BEEE)
3,000 O 56kmA W Y A(ISHEE) e 56kmXA v Y 1 (RERBE)

BOEVW=HEFIA/—RKH0OEN
(R—EB-FT16fEd D8R 3) J-)

2 o
S o’
i 2,000 ':f'
% FUYUINEIER B =HERIMAD
e .
£ o
L S
é 'o‘:' [ ]
@ 1,000 ‘
T
ik
REBEEZAVS L
STEREOEMZNZ 513
0 : : : : : !
0 200 400 600 800 1,000 1,200

Py T4
X E-2 : F—XZFEfk/— b OFEMRE, 3TEOMGE. AFEO T Y TP A
R, 2 OB NSRS LR E 2 O T2 356 O R 2 73 (7272 L. 3. 5km
A 2(X 1024 A NR—TDOEBROI),

AFR 3. 5km A v L2 DR RHEEIERIL 2020427 H 24 H/2H 8 H 1 HOM., /—F&R%5F
T LR TITbNTz, IO ERIIH D 72 <D DAY, 131,072 / — REBRITET CIITHME
T 2%, Z< O T —ICREDNL, FFIZE DT — 25| EEZTHEIZTZ 7 AL 1/01ZH >
Tre FITNRAT VNG RA—E T 7 A IVEY AL PN ENT 7 AL TH->ThH, 13 TEDFE
— RO 7 7B ARER LG ARICEER T I =N E LT, ZREREEET A0, 1FE A
EDOAN T 7 ANET—T1)V SSDIZHEANI B L Ca e —3 25 % & o, KEBSEAT Tt
/072 TR, FHERT 7 ANSNDT 7 EADHGEEATO) ZENEETHL, £, BITEHD
J—=FRD5H 1 ETHETRICHELSAITEREA PR 5 LW MERH 72, 2D X5 7efi
RV FE NN T DR D AN THETH 2 ENEZXLNLHTD, / — REEND DR WE
BZEBT 5 L5 2HHAORRBIISH IV ETICRD B2 b5, CPUDREREGERE L BT
— NEEIL, M4 2.26Hz @O FLA =2 — RZEIR L7, FEEH NP a5— FE2FHL
A, BIMHEENEWEFERBIZEALZEOY 2 v 7 BPKREL ) — RESHERE L2729,
T a®— ROFIH &5 LR EEE 2K L7,

F—=H At A 7 VR OFBIRFHE T, 1dkm A v > 2 G ETO 13 A 7 VEBREITV,
B O%THDH 8,192 /—FEHANT, YI=b—ra /"= hMNIBLZ 10007 x4 &>
=4000 b, 7 —#[A{b/S— M 1000 A2 L, b—H /L 2N THENE T 5 2 & 2550k
L7z, THITEBEORE THREB BT H IR TG R TH 5, 3.5km A v o 2 fR BT
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OHFIFRIR DV AT AT — %G L7 N DD DIVLERH - Telod, I 2 b— 3 V38— |
LT —HEfb = R B2 (T T o7z, T2, v alb—va N —hidky b b1 ®Yy FD
Fy VIO I DPEREZ HEE LT, ZOREE. 19 A 7 WIS BERRERNI b — 2 /L 4 BeHLIA
ERELONTE, 20X, vYIalb—va = hET—XE{b— FOFEEERIZENZEN
29PFLOPS (E"— 7 PERELL 6. 6%) & TOPFLOS (B — 7 PERELL 17.8%) Th o7z, [ ZHWTCRERDE
BAEATS GBI B L2 2 @M A ET 5, Bx ik [BE] OMFEHLRFHICE > T, BXZ 100
FEOFHEIEREE AR LT,

AR A £ L D723 (Yashiro et al., 2020) X, ACM T—R> « ~VEDO T 7 A F U A
M ST,

253k

Miyamoto, Y., Y. Kajikawa, R. Yoshida, T. Yamaura, H. Yashiro, and H. Tomita, “Deep moist
atmospheric convection in a subkilometer global simulation,” Geophys. Res. Lett., vol.
40, no. 18, 2013, doi: 10.1002/grl.50944.

Kodama, C., Yamada, Y., Noda, A. T., Kikuchi, K., Kajikawa, Y., Nasuno, T., Tomita, T.,
Yamaura, T., Takahashi, H. G., Hara, M., Kawatani, Y., Satoh, M., Sugi, M. and Satoh,
M.: A 20-year climatology of a NICAM AMIP-type simulation, J. Meteorol. Soc. Japan.,
93(4), 393-424, doi:10.2151/jmsj.2015-024, 2015

Miyoshi, T., K. Kondo, and K. Terasaki, “Big ensemble data assimilation in numerical
weather prediction,” Computer (Long. Beach. Calif)., vol. 48, no. 11, pp. 15-21, 2015,
doi: 10.1109/mc. 2015. 332.

Stevens, B. et al., “DYAMOND: the dynamics of the atmospheric general circulation modeled
on non-hydrostatic domains,” Prog. Earth Planet. Sci., vol. 6, no. 1, p. 61, 2019, doi:
10. 1186/s40645-019-0304~z

Miiller, A. et al., “The ESCAPE project: energy—efficient scalable algorithms for weather
prediction at exascale,” Geosci. Model Dev., vol. 12, no. 10, pp. 4425-4441, 2019, doi:
10. 5194/ gmd-12-4425-2019.

Satoh M. et al., “The non-hydrostatic Icosahedral Atmospheric Model: description and
development,” Prog. Earth Planet. Sci., vol. 1, no. 1, 2014, doi: 10.1186/s40645-014—
0018-1.

Hunt, B. R., E. J. Kostelich, and I. Szunyogh, “Efficient data assimilation for
spatiotemporal chaos: A local ensemble transform Kalman filter,” Phys. D Nonlinear
Phenom., vol. 230, no. 1-2, pp. 112-126, 2007, doi: 10.1016/]j. physd. 2006. 11. 008

Terasaki, K., M. Sawada, and T. Miyoshi, “Local ensemble transform Kalman Filter
Experiments with the Nonhydrostatic Icosahedral Atmospheric Model NICAM,” SOLA, vol.
11, no. 0, pp. 23-26, 2015, doi: 10.2151/sola.2015-006.

Yashiro, H., K. Terasaki, T. Miyoshi, and H. Tomita, “Performance evaluation of a

throughput—aware framework for ensemble data assimilation: The case of NICAM-LETKF,”

-82-



Geosci. Model Dev., vol. 9, no. 7, 2016, doi: 10.5194/gmd-9-2293-2016

Sato, M., Ishikawa, Y., Tomita, H., Kodama, Y., Odajima, T., Tsuji, M., Yashiro, H., et al.
(2020). Co-Design for A64FX Manycore Processor and “Fugaku.” In Proceedings of the
International Conference for High Performance Computing, Networking, Storage and Analysis
Atlanta, Georgia: IEEE Press. https://dl.acm. org/doi/abs/10.5555/3433701. 3433763

Nakano, M., H. Yashiro, C. Kodama, and H. Tomita, “Single precision in the dynamical core
of a nonhydrostatic global atmospheric model: Evaluation using a baroclinic wave test
case,” Mon. Weather Rev., vol. 146, no. 2, 2018, doi: 10.1175/MWR-D-17-0257. 1.

Kudo, S., and T. Imamura, “Cache—efficient implementation and batching of
tridiagonalization on manycore CPUs,” 2019, pp. 71-80, doi: 10.1145/3293320. 3293329.
Yashiro, H., Terasaki, K., Kawai, Y., Kudo, S., Miyoshi, T., Imamura, T., et al. (2020). A
1024-Member Ensemble Data Assimilation with 3.5-Km Mesh Global Weather Simulations. In
Proceedings of the International Conference for High Performance Computing, Networking,
Storage and Analysis. Atlanta, Georgia: IEEE Press

https://dl. acm. org/doi/10. 5555/3433701. 3433703

@ NICAM-LETKF “CTOFRIRKMNE T HEE O KT — # Rk | 72 R 5855 (77—~ B, #{by
WFFERT)

BETROUGEIZB T WReT —2 %2 67 b7 HEBIIIIIER ICEE A EZ R LT,
~A 7 a PR & R TTF v o R IVEDIHTEWIZZ W TAST (Infrared Atmospheric Sounding
Interferometer) 72 E D IR NA /X—=2AXT MAH T 2%, < ORKADEREFATEY,
REEDBFEL AT MIBWTHIETZWET L ERMbEN TN D, — T, R A 78—
R AT R, DRBRERA F o~ b T ER, —BIERFER EBEFORKET AN T
B LT EZEWENRE O & 2 B 2 O TBIIL TW a7, 2 b & X 0 iEulicFEb
T HITIE, BEET AR FET LV EHCDMNENS D, AR T, 2EEE TR X7 A
NICAM-LETKF (Terasaki et al. 2019, Yashiro et al. 2020) % F\ T, FEHHIRUGHEDME < Bk
E 5L TTRITTREZ iR bk 3 %4 NICAM BdsE 7 /L TS Pl L. IASI O B LR FIRE D H
5F v o xNDRE B R T,

AREBRTII, 7o 7864 &L, il FTENOFBIREDH D 3 F v o XNVDH%
At L7z, X E-3 1% IAST Z[A{b9 % Z &2 K % ERA-interim (259" % RERNEHY O fAfT s BE DAL
FrRLTWD, @ESGIIE SR ICB W URTEB A D0, KR & V8 Rt
J& 75 ERIZNT T 1%RBREDOSEN A O, KEKGT R bR E el R S 4, 500hPa T
il & LT, R 8%eE L7, ABFZEDORI RN IAST IZE EN DR EHmAAZTEM L
FETRHOLELZ BIET7-912, L0EDOF v o RVORHEEED 5 LEENR ST,
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IAST Z[ffb4 5 Z & T, TR dE L2 2R,

253k
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@ MENRATARE S I 2 L— 3 NIBT 2RGGEEITEORGE (77—~ B, ESLBREMSEIT)
RENRAT AT 1 VEORRT b —HREDOT —# AL T, Bl S 7R B F 7 ke
SOVEE 2> DO - I (75 v 7 ) BEEIE L, BECEBN SN D EESOTREHREDR L
ZRET LRI ABRESLICHAZERO Y 7 v/ ABEZEEMICAR LA Z L2HME LT
Do ZOLE, FL—VREOHBIMEIIRKORIE, &0 DITKE - SREOEHEN ENEITBLEIC
L FHHINTWEINICKRELELAEND, FHEEOHKND, ZRETD b L—HF —H[Afb3E
D% < TIIRROELS 2 HEIGE ST 51007 =2 FUE Tk E LT, K13 mE - KR
Hh = a— N AECRREHNTT — 2 2o TREMT 2 Ty D7) s FERHWLRT
Xt Ty VU TIERIA LD LT, BT T — Z OZERIEE S+ icm <. KK
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FEORKGZRBLL TV DLIGEICTZWASAUAENTH D DR WEREOHINT N L —P ik o iFHl
PERESHET D, LML, BT — 2 X0 b EOWEMMGE O IaLb—ra VETE D
ELIEYA. Ty YU TIRETABRKRBLL S L 95 X0V ES 2 HOWSETA L—Y
TIH TR EA - TRRIECE KBRS 2 - LBRWEIROEER 2 R 7 2 M 2550,
F IR TORKBRZTHD L Z L2725, Zubid b L—H Ok s X 0 IEBIcT 5 &
EZoNDTI0, REEMNTT — % %28 L CTIxR< BT — % OIERICHW BN D T —# [F
IbLFELRASEORELZ b =T —Z b EZ AW T KGGEZIERT D Z 0 E L (Miyazaki et
al., 2009), ABFIETIL 10km A v ¥ oA —F —OEMGIEIREDRA AT —Z [FLOFEB % B 5
L. KRB EIREDR T AREDOW % T o T AT —Z I L > TIEE LN LR T 5>
AT LOBIFMRAEZ DT, SFFEEITET HPCL 5 2 B & AV IR A 2 % R L 72
W R L—H L LTI BRGEDT o 7T — 2RI K » TREOFSMEN o X 5124k
BT DM DNT, EBRE T 21T 7,

B E-4 12 2018 4F 1 H O MM S (Ibfé 24. 1 BE, JRRE 123.8 B IZRBITH v I a2 L— 3 Dtk
WERE IR Z R, AL 224km (GLO5) . $A1E 78 BT, TNENREGIL M HH L WGH
(Free, B 54 . v ¥ 71 X B[R (Nudging, BA#R) . LETKF (2 X B [FULD T >0 7L
Il (RER) 2FT, T v P 7k 5EMETIX ERAS AT 2 fE e ES 1 B (KI5 H) &
LTV, LETKF IZ K 2 [EMbClE 6 el D[R w7 ¢ o B CRBLHIT — & 121% NCEP PREPBUFR % FHV»
7oo _WRMLIRFE (COy) OMIFEM 7 T v 7 AIZiE, Niwa et al. (2017) & [RIEED A&, ARbkk 5,
b LAERER, MERID T T v 7 AT — 2 _X—=REflAEbE CHW:, EORIZKERETHY , F
v V7 & LETKF IZ K ARMEO A, 1FIERT K 5 B ORERFNIR L TWDH DR D05,
— 5T, FOKIIRT COETIZTS v ¥V 7 L LETKF OFERICERNBN D L RIFRC, A2 /3—
A 3275 1024 A /N—F T 6 BFFICEZ TIT o T RICH ER DB DR R & IR o T, FrITY
Ralb—ya U 2lHU ERET 2 & BB TRTBURER (Mukai et al., 2014) & OIEHE
MREL 2D, KEDT = — NiX 1024 A L N—DOFERIZE T 582 A " —OFH G RO % R~
To V2 b—va VIR TIERBIFEREN Y = — ROFEANS L@ L TRV, Bied A —%#
OFERFE LS v — RBRERLRL D, THHDORENBIEL, LETKF O A o N—HEhnc X 5 >
Lo b—va VRO LR BIZR 6o, F£72, LETKF OFfERIT T v v 712 L 55
BT Y —F TR T, COLEEN 1T HAZ—V LD S WEE 2R T, 2 6 FffE o
Pk > TEESNZRGORELZT-bOTHD EEZLND, KERERNDL, RHFHHES
AU N—HIEINZ LD FEROEND, LV HABRICEND Z ERIRFENLD €0, 7 T v 7 ABOHEE
ATV, SR A TR RGES 2 BN R STz,

-85.



=
n

----- Free
=== Nudging
— mem0032
mem0064
— mem0123
—— mem0256
mem0512
—— meml024

=

o
L
v

wn
s

Horizontal Wind [m/s]
|
L [=]

—10 4

-15 T T T T T = T
2019-01-05 2019-01-09 201%-01-13 2019-01-17 2019-01-21 201%-01-25
Date

440
----- Free

435 4 & === Nudging

it —— mem0032

mem0ded

— mem0128

— memi256

mem0512

— meml024
— Obs

430 4

425 1

420 4

415 4

410 4

CO2 Concentration [ppm]

405 4

400 T T T T T T T
2015%-01-01 2015%-01-05 2019%-01-09 201%-01-13 2019-01-17 2019-01-21 2015-01-25
Date

X B4 : PR (i 24. 1, B 123.8 ) ICBIT D v I = L—ya UiER, Th
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2 X DEUEDSEE (AR, 7o 7 ERE) ComE (1) & CoiE (F)
DFERA T, COJEEEIZOWTIE, NIES IC X5 1 B0 BLIRE (BAH) &
LETKF1024 A L /R—DFERIZEBIT 5 A L N— DR EFERO#HE Ok =—F) b
P TORT,

ZE 3k
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@ KRLZERNAARLLOT —Z RIS 2% (77—~ C, [EBREEHFZEAT)

KOZERNARIL, FBEOKS T H'00) & Feig LCAIE LIC <, BB LT nicd, HiEo
Koy EARFNARDZEE & L AR D, Fio, IR & W o ToZ b, DK & DIRE T H'°0
2T D AKIENEAR D ZEALZR DN T2 % 7 6D AKBINEAREL 2 WD 2 & TKPEER 7 1 & A DGR & HEE
L. ET AT Ialb—ya NTOT e ARBMEOUGEICERITS Z LN TE D, £, KFEMAE
ot B - RSB OT — 2 ZEkT 5 Z LT, E - BKTRIOBFEMER EXARECX 5, 4
FEPEIL. KEINAAR 2 RERE MG E 5 /L NICAM (Satoh et al., 2014) (T3 A L isoNICAM & BR%E L
oo BT MCEDEEMEBANE & 2 L, ©FT VOKMERZMRAET 5,

ETIASOKFNAROE AL, FT THERDOKEWATIHERT H LI hL—H—& LTT#
ERAAFIA AT, KENARIT B0 & B 528 (50]) 273720, KOMEEEY 5
OB TlX. AKWEORECHEZE L, BLOMOKE DIRAEIZHEE L., Blossy et al . (2010)X°
Bolot (2013) 5B KA AEAR A2 B A Lz, ARBFETIX, @22 MRS E CKIAINAR D FFELE
BRIMTZ 5 & 912, EMMELEFED 1 > TH 5 NSW6-Roh 2AF—24 (Roh et al., 2017) (Z/KFEL
TR 2 A L7z, BHJE L7z isoNICAM Z IV T ZE ARG AR IS GLO9 (R 14km) . $RTEL 78 J&BIZRRE
L. THEMORE 2 ERR (1979 ~19854F) Z{T-o72, ZUHOD 24FFA Y F v 7L LT, #%¥:5
Ry OFREE REE E LT,

4 E-5 (23 X =2 L— b SRR OREFRZE RN (6 1%0) DAEk3 & Global Network
of Isotopes in Precipitation (GNIP) (https://www. iaea.org/services/networks/gnip) 2 K&
S THBIHSNTME & 2T, 7 VIR R RNAR M OB 2 L <EBLL Tz, Bz B
KRR IR B IR O < B E SR R D ES RN oD, o, 2—F VT KED
PEEED B BURIS T TR AME T3~ 2 NEZNRSCO b ~ 7 7 72 & 0 S dis C R AR L MR
TOREDRNRL LN, ZO XD REMERGAHOREIZ LY, v = b— b IR REINRLEL
WTERT— 2 &b, ZEMFRNC & > T2 AHBMR%EIE 0.91 TH -7,

Annual Mean 520,, NSW6 (GL09)
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FOMFEEZRGIZ, T L ORI E BEAKFEMKL L OBRREZ R LD TH D, KRN FTRDHITE
RN EEAMEE < 72 2 R Z2 IEOMIBIRIER GREEDNR) A6, =7V EBROME T L < —BL
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T e, BE-6 (F) 1%, A > NEE - RO 31T 2 FEEE 20 JELL T OB A 2 X G ok & &
DEMREFRT- DO TH D, ETABBMG ., BAKENEL 21T L. BKENAERLEAME T35 K
KEZRNBBD SNTz, 72720, BKBEIRIZTT LOIE I BNKRE L, FICEKENDRNEED
FEKBEZNRN K E Do Te, Fo BT NVORKEOBESAAOE— 7 3B LY HRE (K2R L),
TFNDOREKENE S ARWFRR DY o T VN L Do T2 T2 OISR BB K E < 72> 7 ATHE
PEREZ 2 BT,
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in the assimilation of AMSU-A data, Data assimilation seminar. (November 20, online)
Miyoshi, T., 2020: Predicting Sudden Local Storms by 30-second-update NWP Using Phased

Array Weather Radar, KU-ITB Biweekly Webinar Series. (November 27, Online, invited)

Miyoshi, T., 2020: RIKEN Enhancing Precipitation Prediction Algorithm by Data Assimilation
of GPM Observations, The Joint PI Meeting of JAXA Earth Observation Missions FY2020.
(December 21, online)

Miyoshi, T., T. Honda, A. Amemiya, S. Otsuka, Y. Maejima, J. Taylor, H. Tomita, S.
Nishizawa, K. Sueki, T. Yamaura, Y. Ishikawa, S. Satoh, T. Ushio, K. Koike, E. Hoshi,
and K. Nakajima, 2021: Big Data Assimilation: Real-Time Demonstration Experiment of 30—
s—Update Forecasting in Tokyo in August 2020, American Meteorological Society 10lst
Annual meeting. (January 12, Online, invited)

Miyoshi, T., 2021: Innovating “Big Data Assimilation” technology for revolutionizing
very—short—-range severe weather prediction, CREST International Symposium on Big Data
Application. (January 23, Online)

Miyoshi, T., 2021: Fugaku’ s Illuminating a Path to the Future of Numerical Weather
Prediction, SessionllDistinguished Achievements in AI, Big Data and Simulations
supporting Societyb.0, The 3rd R-CCS International Symposium. (February 16, Online)

Miyoshi, T., 2021: Big Data, Big Computation, and Machine Learning in Numerical Weather
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Prediction, AI Chair OceaniX Webinars, IMT-Atlantique & RIKEN Online Joint Seminar
Series (Jointly with Data Assimilation Seminar Series). (February 17, online, invited)
Miyoshi, T., 2021: Big data assimilation and Al: Creating new development in real-time
weather prediction, ERCIM-JST Joint Symposium on Big Data and Artificial Intelligence

(February 18, Online)
Miyoshi, T., 2021: Fusing Big Data and Big Computation in Numerical Weather Prediction,

Climate Research with HPC Forum, SupercomputingAsia 2021. (March 4, online, invited)

@—2. WAL —HFK

Saito, K., and T. Matsunobu, 2020: Ageostrophic winds associated with a tropical cyclone
and northward moisture fluxes. AAS06-17, Japan Geoscience Union Meeting 2020 (JPGU-AGU
Joint Meeting 2020). (July 12-16, online)

Oizumi, T., K. Saito, L. Duc, and J. Ito, 2020: Ultra—high resolution numerical weather
simulation and dependency of simulated convective cells on model resolutions. AASOI-
P01, Japan Geoscience Union Meeting 2020 (JPGU-AGU Joint Meeting 2020). (July 12-16,
online)

Oizumi, T., K. Saito, L. Duc, and J. Ito, 2020: Ultra—high resolution numerical weather
simulation on the heavy rainfall event over the western Japan 2018. A0S25-10, Japan
Geoscience Union Meeting 2020 (JPGU-AGU Joint Meeting 2020). (July 12-16, online)

Kondo, K., and T. Miyoshi, 2020: Non—-Gaussian statistics in global atmospheric dynamics
with a 10240-member ensemble Kalman filter experiment using an intermediate AGCM. MGI33-
P03, Japan Geoscience Union Meeting 2020 (JPGU-AGU Joint Meeting 2020). (July 12-16,
online)

Kotsuki, S., Terasaki, K., Satoh, M. and Miyoshi, T.: Ensemble-Based Data Assimilation of
GPM/DPR Reflectivity into the Nonhydrostatic Icosahedral Atmospheric Model NICAM. Japan
Geoscience Union Meeting 2020 (JPGU-AGU Joint Meeting 2020). (July 12-16, online)

Ohishi, S., T. Hihara, H. Aiki, J. Ishizaka, Y. Miyazawa, M. Kachi, and T. Miyoshi, 2020:
Development of an ensemble Kalman filter-based regional ocean data assimilation system.
Japan Geoscience Union Meeting 2020 (JpGU-AGU Joint Meeting 2020). (July 12-16, online)

Ohishi, S., T. Hihara, H. Aiki, J. Ishizaka, Y. Miyazawa, M. Kachi, and T. Miyoshi, 2021:
Development of an ensemble Kalman filter-based regional ocean data assimilation system,
The 3rd R-CCS International Symposium. (Feburary 15-16, online)

Tochimoto, E., S. Yokota., H. Niino, W. Yanase, 2020: Formation Process of a Tornado that
Formed in a Quasi Linear Convective System Over Kanto Plain, Japan, Japan Geoscience
Union Meeting 2020 (JPGU-AGU Joint meeting 2020). (July 12-16, online)

Okamoto, K. and M. Hayashi, 2020: Examination of observation and model error for all-sky
infrared radiance assimilation, ECMWF/EUMETSAT NWP SAF Workshop on the treatment of

random and systematic errors in satellite data assimilation for NWP. (November 2 - 5,
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online)

Takatama, K., T. Miyoshi, 2020: Simulation of fog in Tokyo Bay: the role of atmosphere-
ocean-river interaction, Japan, Japan Geoscience Union Meeting 2020 (JPGU-AGU Joint
meeting 2020). (July 12-16, online)

Terasaki, K., and T. Miyoshi, 2020: Accounting for the horizontal observation error
correlation of satellite radiances in data assimilation, JpGU. (July 12, online)

Honda, T., Y. Sato, and T. Miyoshi, 2020: Exploring the potential of assimilating lightning
flash observations with an ensemble Kalman filter, JpGU-AGU Joint Meeting 2020. (July
12, online)

Amemiya, A., S. Mohta and T. Miyoshi, 2020: Application of the Long—Short Term Memory
neural networks to model bias correction: idealized experiments with the Lorenz—-96 model.
ECMWF-ESA Workshop on Machine Learning for Earth System Observation and Prediction.
(October 5, online)

Liang, J., K. Terasaki and T. Miyoshi, 2021: A purely data—driven approach to satellite
simulator in numerical weather prediction, The 3rd R-CCS Internatilnal Symposium.
(February 15, online)

Terasaki, K., and T. Miyoshi, 2021: A 1024-Member Data Assimilation and Forecast Experiment
with NICAM-LETKF Using Fugaku: A Heavy Rainfall Event in Kyushu in July 2020, The 3rd
R-CCS international symposium. (February 15, online)

Maejima, Y., T. Ushio and T. Miyoshi, 2021: Toward assimilation of dense and frequent 3-
D lightning location data for severe thunderstorm forecast, The 3rd R-CCS International
Symposium. (February 15, online)

Taylor, J., T. Honda, A. Amemiya and T. Miyoshi, 2021: Optimizing the localization scale
for a convective-scale ensemble radar data assimilation system, The 3rd R-CCS
International Symposium. (February 15, online)

Amemiya, A., S. Mohta, and T. Miyoshi, 2021: Application of the Long—Short Term Memory
neural networks to model bias correction: idealized experiments with the Lorenz—96 model,
The 3rd R-CCS International Symposium. (February 15, online)

Duc L., and K. Kobayashi, 2020: The ensemble Kalman inversion and its application into
estimating parameters of a distributed rainfall-runoff model. AASO1-P05, Japan
Geoscience Union Meeting 2020 (JPGU-AGU Joint Meeting 2020), (July 12-16, online)
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