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D—1. Forecasts of the July 2020 Kyushu heavy rain using a 1000-member ensemble Kalman filter

The potential factors that caused the July 2020 Kyushu heavy rain have been investigated with
the help from a 1000-member ensemble simulation. The 1000 ensemble simulations were produced
from the ensemble analyses of a 1000—member ensemble Kalman filter. The data assimilation method
was the four—dimensional local diagonal ensemble transform Kalman filter 4D-LDETKF, which was
chosen to ensure relatively independence between ensemble members. Three multivariate
statistical techniques were used to identify the critical factors, two linear methods: (1)
ensemble sensitivity analysis, (2) canonical correlation analysis; and a nonlinear method: (3)

clustering with the generative topographic mapping algorithm.

The heavy rain is shown to be strongly associated with mesoscale frontal depressions along
the Baiu front and high humidity areas on the south side of the depressions. The rainfall amount
increases when the depressions are deepened and the moist flux on the south side of the
depressions are enhanced. However, the rainfall locations are relatively sensitive to the
locations of the front and the depression. This implies observations over the east of China are

important to reduce uncertainties in this case
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Duc, L., T. Kawabata, K. Saito, and T. Oizumi, 2021: Investigation of the potential factors
that caused the July 2020 Kyushu heavy rain using a 1000-member ensemble simulation. WCEP-WWEP

Symposium on Data Assimilation and Reanalysis, Bonn, Germany.
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(D —3. The probability forecast of high wind using an 1000-member ensemble (Pin-Ying Wu, Le

Duc, and Takuya Kawabata)

Disasters due to high winds often occur in Japan and usually happen during the strike of



typhoons. Providing more informative forecasts is essential for people and the government to
prevent and mitigate disasters as well as manage the risk. Compared to rainfall forecasts, the
probability forecasts of risky winds are not well developed and are less used in weather
forecasts nowadays. In addition to deterministic forecasts, the probability forecasts are
critical for tackling the uncertainty in weather forecasts caused by the chaotic nature of the
atmosphere. The ensemble technique is a widely used approach to produce probabilistic
information and guide the uncertainty in the forecasts. Ensemble forecasts will become more
common because of the non—stopping improvement of computing power. Therefore, more studies are
desired to make the most benefit of ensemble forecasts for disaster prevention during high-—
impact weather.

In this study, we investigated the feasibility of producing probability forecasts of high
winds using a large size ensemble, focusing on the case of the typhoon Hagibis (2019). The
ensemble has 5-km grid spacing and 1000 members (Duc et al. 2021), which is the same grid-
spacing but 50 times the member number compared with the current mesoscale ensemble predation
system used in Japan Meteorology Agency (JMA). The probability forecast of wind speed is
calculated using the threshold of 15 and 25 m/s, which are the standard of the strong wind (58
Jil) and fierce wind (£%/fl) defined by JMA, respectively. We focused on the time of the landing
of typhoon Hagibis when it affected the Kanto area at 1200 UTC on 12 Oct. 2019.

For the threshold of 15 m/s, almost all members show wide ranges of the strong wind covering
the Japan area (Fig. A-2a). The wind probability forecast indicates that more than a 90 % chance
that the wind stronger than 15 m/s will happen at 1200 UTC over a wide area around Japan (Fig.
A-2b). The range of the high probability area where the strong wind will happen with a chance
larger than 50 % is roughly as wide as the strong wind range in the JMA operational typhoon
forecast. On the other hand, the results of the fierce wind area show different agreement from
the range announced by JMA (Fig. A-3). When using the definition of fierce wind (25 m/s) as the
threshold, the ensemble members show larger uncertainty, and the contours of the wind speed
equal to 25 m/s are dispersed. The range of probability that the fierce wind will happen with
a chance of more than 90 % is much narrower than the case of the strong wind and is also smaller
than the range of the fierce wind area announced by JMA.

The results suggest the feasibility of producing probability forecasts of high winds using
ensemble forecasts. In addition, the probability forecast estimated by the ensemble forecast
can provide additional information to the current weather forecast and help the management of

high wind risk.
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Figure A-2: (a) The contours of near—surface wind (10-m height) equal to 15 m/s of the 1000
members (yellow contours) and the location and the range of the strong wind in the JMA
operational typhoon forecast (blue triangle and circle, respectively) at 1200 UTC on 12 Oct.
2019. (b) The probability forecast, calculated by the 1000-member ensemble, of the wind speed
greater than 15 m/s at 1200 UTC on 12 Oct. 2019. The red contours in (a) indicate the 50

(outer) and 90 (inner) % of the probability forecast shown in (b).
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@ —3. Sensitivity testing for horizontal covariance localization scale with the SCALE-LETKF

In FY2021, we continued the development of the SCALE-LETKF as a regional scale precipitation
forecasting system that included the testing of model parameters in an effort to optimize
performance. One parameter that was tested was horizontal covariance localization scale, a length
scale parameter used within the LETKF that determines the weighting of covariances at distances
from each model grid. 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 phased array weather radar (PAWR) observations, with 30-minute forecasts initialized from
the ensemble mean every 30—seconds. Results showed that forecasts performed best with localization

scales of between 1-2 km. At these scales, forecasts of convective activity were more consistent
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with observations up to 30—minute lead times. Specifically, it was found that the rapid growth of
convective activity leading to over—intensification in SCALE forecasts was reduced with smaller
localization scales

The investigation to examine why the use of different localization scales led to large
differences in forecast skill focused on the state of the analyses. Vertical velocity analyses at
1-km height across the domain after 80 data assimilation cycles revealed much stronger low— level
winds when a larger localization scale was set (Figure B-5), with regions of stronger convergence
and updrafts, indicative of more favourable conditions for convection to develop. The
investigation concluded that by using a smaller localization scale, the build up of unstable
conditions could be reduced, thereby reducing the over—intensification of convective activity in
forecasts that led to the model to lose forecast skill.

The study, Taylor et al (2022) has been recently submitted for publication to Weather and

Forecasting Journal
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Figure B-5: Vertical velocity (w, m s') analyses at 1-km height for data assimilation experiments
with localization scales of 1-km, 2-km, 3-km and 4-km, labeled ex824_ 1km, ex824 2km, ex824 3km
and ex824_4km, respectively. Contours show radar reflectivity at 2-km height after 80 data

assimilation cycles
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@—4. Oversampling Reflectivity Observations from a Geostationary Precipitation Radar
Satellite: Impact on Typhoon Forecasts within a Perfect Model OSSE Framework

For the past two decades, precipitation radars (PR) onboard low-orbiting satellites such as
Tropical Rainfall Measuring Mission (TRMM) have provided invaluable insight into global
precipitation variability and led to advancements in numerical weather prediction through data
assimilation. Building upon this success, planning has begun on the next generation of satellite-—
based PR instruments, with the consideration for a future geostationary—based PR (GPR), bringing
the advantage of higher observation frequency over previous and current PR satellites. In a recent
study by Okazaki et al (2019), the feasibility of a future precipitation radar based onboard a
geostationary satellite (GPR) that could obtain three—dimensional precipitation measurements was
successfully tested. In FY2021, we took the first step to investigate whether these reflectivity
observations from a GPR could be used to improve analyses and forecasts of global weather systems.
We performed a series of data assimilation experiments that assimilated simulated GPR observations
for a West Pacific tropical cyclone, with observations obtained with varying radar beam sampling
spans. Results found that key convective features of the tropical cyclone (TC), including the
eye, eyewall structure, and outer rainbands, were all better captured in simulations assimilating
observations obtained with finer beam sampling spans. Observations were also found to have a
positive impact on TC intensity in both model analyses and forecasts, with forecast errors for
minimum sea level pressure improved at all lead times up to 18 h. TC intensity forecasts were
also improved with increasingly finer beam span, suggesting an important potential benefit of
oversampling for TC prediction. As an example, Figure B-6 shows mixing ratio of all hydrometeors
for the Nature Run at 0000 UTC 2 August 2015 and the analyzed mixing ratio after 12 hours of
cycling for experiments with no GPR observations assimilated and experiments with GPR observation
assimilation with beams spans of 20-km and 5-km, representing no—oversampling and oversampling
respectively. Experiments where GPR observations are assimilated show a much—improved structure
to the moisture distribution, with convective features better represented in the analyses,
including the eyewall and spiral outer rainbands

The study, Taylor et al (2021), was published in the Journal for Advances in Modelling Earth
Systems (JAMES) and was awarded the achievement of 13th RIKEN Incentive Ward (Obhu Award).
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Figure B-6: Mixing ratio of all hydrometeors (g kg'), which includes rain, cloud water, cloud
ice, snow and graupel at 2-km height at 0000 UTC August 2 2015 for the Nature Run and experiments
with no GPR assimilation (NO-GPR), assimilation with GPR observations with no-oversampling (NO-

OVERSAMPLING) and with oversampling with 5—-km beam span (OVERSAMPLING).
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@—17. Examining the sensitivity of EFSO accuracy to ensemble size using 1024-member NICAM-
LETKF

As more and more observations become available, it is important to quantify the impact of
assimilated observations on the subsequent forecast, which can help improve the use of these
observations further. Currently, several approaches exist to estimate observational impact on the
forecast skills. Ensemble forecast sensitivity to observations (EFSO) is one such approach that
extends upon the adjoint—based forecast sensitivity to observations (FSO) method by utilizing
ensemble of forecasts in replacement of an adjoint model. However, like any ensemble—based methods,
EFSO also suffers from sampling error due to the use of limited-sized ensemble. This is more
severe when ensemble-based correlations between different times are used in EFSO. The
supercomputing resource of Fugaku has allowed the use of large number of ensemble members in
numerical weather predictions. Many studies have demonstrated the use of large ensembles in the
context of data assimilation, however, the use of large ensemble to quantify observation impact
via EFSO is yet to be explored. In this study, we implemented the EFSO method for NICAM-LETKF and
used a total of 1024 ensemble members on Fugaku to examine the sensitivity of the accuracy of
EFSO estimated error reduction to ensemble size via sub—sampling

When measuring EFSO accuracy in the form of difference between two globally summed values, as
was done in the literature, it suggests little sensitivity of EFSO accuracy to ensemble sizes
In addition, counter—intuitive results were obtained where smaller ensemble appears to have the
most accurate EFSO estimate. Using metrics that consider spatial variations of error reductions
that include RMSE, Bias, and Pearson’ s correlation coefficient between the two sets of gridded
data of error reductions, we can confirm the sensitivity of EFSO accuracy to ensemble size where
EFSO with larger ensemble sizes leads to improved accuracy (smaller RMSE; Figure 1la and 1lc).
However, we also found that EFSO with smaller ensemble sizes tend to have smaller bias, which is
likely due to the cancellation of noisy positive—negative spatial pattern in small-sized
ensembles. Results from the relative skill score to the 1024-member EFSO suggests ensemble size
of 128 or more can capture about 80 % of the performance of the 1024-member ensemble, in terms
of RMSE (Figure 11b and 11d).

In addition to accuracy measure, we also looked fraction of beneficial observations (FBO). We
found that EFSO with larger ensemble sizes leads to larger FBO (Figure 12). This is because
observations that were identified as impactful (either detrimental or beneficial) in smaller
ensemble sized EFSO become non—impactful (neutral) in larger ensemble sized EFSO. There are more
detrimental observations than beneficial observations being re—identified as neutral. As a result
of less detrimental observations, FBO increases with increased ensemble sizes. A manuscript that

summarizes this work is currently in preparation (Wu et al. 2022).
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Figure B-12. EFSO estimated 6-h forecast error reductions (107 J kg™') for satellite radiances of
AMSU-A onboard the NOAA19 satellite from all 6 ensemble experiments where NICAM s self-analysis
was used as reference: a) 32 members, b) 64 members, c¢) 128 members, d) 256 members, e) 512
members, and f) 1024 members. Negative values in red colors correspond to beneficial impact,
positive values in blue colors correspond to detrimental impact, and zero values in white colors

correspond to no impact or neutral impact. Adopted from Wu et al. (in prep.).
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(a) Elapsed Time for 20-member DA (s) :: nml scale (b) Elapsed Time for 20-member DA (s) :: log scale
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In data assimilation (DA), the observation operator (00) is required to convert the model
variables to the model equivalent of the observations. Most of the 00s for satellite microwave
brightness temperature (BT) from AMSU-A are based on radiative transfer model (RTM). We used
machine learning (ML) as 00 (ML-00) to assimilate AMSU-A BT in this study. The DA system comprises
Nonhydrostatic Icosahedral Atmospheric Model (NICAM) and the Local Ensemble Transform Kalman
Filter (LETKF). The Radiative Transfer for TOVS (RTTOV) is combined with bias correction to
assimilate BT (RTTOV-00). The conventional observations and BT were assimilated for one month
using this reference system (Table B-1). The forecast data during this period were paired with
the corresponding observations to train several neural network models (NNs) to obtained ML-based
00. The new 00 was tested in the same month next year. There are 3 experiments: (1) conventional
observations and BT were assimilated using RTTOV-00 (CONV-AMSUA-RTTOV); (2) the same observations
were assimilated but using ML-00 (CONV-AMSUA-ML); (3) only conventional observations were
assimilated (CONV)

The RMS difference (RMSD) from ERA-interim for temperature and zonal wind were used to evaluate
the performance of different 00s. The temperature RMSD in CONV-AMSUA-ML is 2% higher than that
in CONV-AMSUA-RTTOV but 4% lower than that in CONV (Figure B-21). Therefore, ML-00 is adequate
to assimilate BT although it is slightly worse than RTTOV-00. Because ML 00 treated the biases
internally, most of the channels have small biases less than 0.03 K (Figure B-22a) although two
channels have larger biases (Figure B-22b), which is a result of the significant changes of the
satellite characteristics. If those changes are small, ML-00 doesn’ t require a separate bias
correction procedure so that the DA system design is simplified. A manuscript that summarizes

this work is currently in review in JMSJ (Liang et al. 2022)
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Table B-1 The experiments for training and testing the machine learning model.

indicate the corresponding experiments described in the main text.

Letters A to G

Training experiments test experiments
Jan. 2015 Feb. 2015 Jan. 2016 Feb. 2016
(DA spin-up) (DA cycle) (DA spin-up) (DA cycle)
CONV-AMSUA-RTTOV A B D E
CONV-AMSUA-ML build the F
ML
model (C)
CONV G
(a) b
0 f_’———‘—f‘—’—& ( ) 0 [ —— —— CONV-AMSUA-RTTOV
</ —— CONV-AMSUA-RTTOV —— CONV-AMSUA-ML
200 "> CONV 200
—— CONV-AMSUA-ML |
400 400
d N\ <
_— SN 600] ——— S
77 ———
800 e soo] \ | i
1000 _— woo|] & ————
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Temperature(K) p-value
Figure B-21: Evaluating by ERA-interim, the root mean square difference (RMSD) of the (a)

temperature (K) from three experiments. The p—values from two t-tests between CONV-AMSUA-RTTOV
and CONV, and between CONV-AMSUA-ML and CONV are shown in (b) for temperature. The vertical line
indicates the threshold 0.05 of the p-value.

NOAA-18 channel 6
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Figure B-22: The histograms of the observations minus model background (OMB) from experiment CONV-
AMSUA-ML for (a) METOP-B channel 6 and (b) NOAA-18 channel 6.

33



@ —13. 2ERACEMEEE 56km « 1024 A > /N—@ NICAM-LETKF % =41 2 4 7 H%’%Hﬁ@%fﬂ%ﬁ

2020 4= 7 AR, EFAL U7 HERNRTRRC iofﬂM%ﬁ%¢u IEMERY | REARETIIEREE)I| DL
A X > THERARHEN LTS SN, ZEMIC K DWERBO - D11, %@w%%mﬁgl%\ﬁb ¥
%%WiﬁélkﬁxﬂkfkéoLﬂb\%%%m%mié%m%ﬁ SIS E R < TR 5 2 & 139E
FICEEL N, ITAEOFHEMEREDM LIZ L 5T, XV ZL OF U T E RO TR TR RIS 2> T
Tme ABFETIE., TH) OB THHA——arta—% TEE] Z2FH LT, REACEREE 56kn
1024 A > 73—@ NICAM-LETKF SEBr% S L, ZROME TR LT Y TN a2 o727 JHEfITIC L 5
BRI 24T > T2 AWFFE TR, AKEAEFE 56km ONICAM-LETKF & 25 A (Satoh et al. 2014, Terasaki
et al. 2017, 2019) ZfEH L7-, EWWEA X — L%, KEKZEERWVEERK 1 keboVIZEEND
E KR OEEGREL LS ZTPHIT AL T—A L "NV A=A EHW=, T UV 7B
1,024 & L. HE45EEETFEIT Relaxation To Prior Spread (RTPS) Z W= (a=0.95) ., [FMk L7=8LH
T2V, PERBEN, B~ A 7 ety X (AMSU-A) . v A 7 BEKER T X Mﬂ)&07ﬁ
x%?yﬁ%ﬁ747n&m%%(mm>T%éo?—&ﬁm%4&wi\2t/7/7®t [Z5Fn 2 4
6 A 1 H 0000 UTC 7°5 6 HflEOT—HZ by 7 v &BIsG L, 7 A 7 H 1800 UTC F CTiT-o7z, 7~
ST RIERRIE, 6 A 24 B 1200 UTC 24181 E L7z 10 A F#H., 29 H 1200 UTC Z##HMEL L7 5
HY, 29 H 1200 UTC Z#IHEE L7z 4 H PHRAEE L7, LT 1 HBZIZ 7 A 5 HE TEHIHIE
ELE 1 BEOT oY TP E T o1,

X B-23 1%, BT /LOKEAEICHIT D HREERE? 100mm 2B 72 KRNE2TFHTLT7 o372

N=DHOFNEERT, 1,024 HOT oW TNEREOZ EOFMEETHNT 572012, 1,024 7LD
DT o H DDBOY T VR LT S Lz, 32 HX° 64 HoY 7% FTidss
PNER S TR WEIS TR Z I L TV 523 (M B-23a,b) . B E 72 3 TOVER DT, FEEE
WCRNZTFHLTODT T2 o= D7, LarL, o7Vl x 512o0C, g%
AT DTV | TUNRLKPEEREOFRWE K Z L<SIA D Z &N TE L, EOMREE LT,
Scientific Online Letters on the Atmosphere [Z#iX % % L7z (Terasaki and Miyoshi 2022)

34



Precipitation probability ( > 100 mm: 2020/07/03/12Z — 2018/07/04/122Z)
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(Machida et al. 2018, Vrancken et al. 2016)
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Saito, K., 2019: On the northward ageostrophic winds associated with a tropical cyclone. SOLA,

15, 222-227.

Saito, K. and T. Matsunobu, 2020, Northward moisture transport associated with a tropical
cyclone and its impact on PRE. SOLA, 16, 198-205.

Saito, K., T. Matsunobu, and T. Oizumi, 2022: Effect of upper—air moistening by northward
ageostrophic winds associated with a tropical cyclone on the PRE enhancement. SOLA, 18, 81-87.
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during the 6 May 2012 Tsukuba tornado using hybrid meteorological model/engineering LES
method. Journal of Wind Engineering and Industrial Aerodynamics, 204, 104254.
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HEEZOLND, ZOTNORE SIFFHEMBRZNEFELTBY 8 A 30 HE 31 HIZIX 300km ZHZ TV
Do ZAUTBE 15 BORAEDDFEBIERZNH A2 o T NEXRA NOBR 15 SOOI EDOMEN KX
L EOT BTN RAUN—TOEBEREL RoTWeZ L DRELEZ bLd, FHHE

_51_



LS TOBRE 156 FOFEONBEOLEENRKEI N LICEY, 8 A31 AL 9 A1 ABEERICH T 8 H 29
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REHI 3RS 2122 TT o T A S — O RRREITHE KT Dl & 5, HERE T DM B AR AT
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B 2-3: BE 15 50T Y TIVEBRIZIT i ELOMERKFRZE ORI L KA 1R & FHEBA

PERFARATYE, Rl X BB AAREZ 2> D ORGSR 2R3, O BOBE IR FRIFEOENE E

KT 5, EMUIT T AL, WRIET R A R T, BEMEO & 2B Y 0.5 LIEIE S

waRY, SRV ORE EOBFIIFE AR &R,

WA FFEBR O OZEEHNIES O T HEE B L OF Ofig BRI 2R 572 0ic, EEFHNES
(BSISO) DA > 7w 7 A (Kikuchi 2021) ZHH L, FefTHFSEIC{H » (Matsueda and Endo, 2011), %@ Root
mean square error (RMSE) & Bivariate correlation (CORR) Z2F{ffi L7-, RMSE & CORR D/KEH&[HkeE & &
FBRIAREAMRAAE 2 X 24 (TR,

RMSE XEFEBIAA BRI L HEITHIR L, 7o F U T A AU A—OEB R L TWS (K 2-4 £), Zhb
DRI R TR F L B AA 2Nk DA L CUvisuy, — 5. RMSE  DEIINERIIMRGEE 1T/ AFE L T
BY ., AKERETRHEIRES M 72 DI 20 THMERII R E < 78D, CORR IZ2WT b [AIBRDFHEM MR TX 5
(K 2-4 /£), Miyakawa et al. (2014)<° Shibuya et al. (2021) Tlx. KK 14kn © NICAM % v 7z
ERAERNOAT v T VER LY BIEEOSOERNEBO PHA X LEZR LTINS, ZOENIEIRR
FHIOENEHET ONDHB, T NVOREDHEWVICKESERTLEEZ LD,

A—N—ara—4 Mg 2822 LIk To 4 FE TIIREE - 7oKkEE-7HR 3. 5km T 100
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2-4: BSISO @ RMSE (%) & CORR (f5) D 7K VA& [l & G5 BRAGIRHKAFIE, ARl I35 15 BR AR 217 &
ORGRIF [ A ] 273, BROBOEN A FRIROENEEWRT 5, BRIT o 7R,
T REE R, BEEOH DB D58 UL 2R, 2SRV DfE 7213k T ORFIEE
R BAARER 2 R T,
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FE@  NICAM OBEREGtEHEHR (HEE 1)
(BT 70 BR FE R

—RANCE T /IAA T A2 Ffo> T D, BRO TRIFEREZFMT 2121%, BLEORESIISE L TE
JEANFEAE LT=D, BT NANBEONAL T ALV BRPNBELTONEZE 0 3T HMERH L, ZD®)
IIXETARFEOB RO EREZ RS T 208N H D, ZNERET 2 ITFEHOFICH L TKRT
VITNEREATOMEN DD, T TR, BEKIEFES1FET /L NICAM(Satoh et al. 2014) D5 EO R
W7 aHE A 155 72012, LB REETHREOIFENIER 2L EROEZ 6 Ab 9 HICEH LT 2009
D 2019 FFEE e LIERT oo TNV ERE X A LA T A AR (Bengtsson et al. 1996) T3 L
7o T2 TIRRERFEHERO —ME2H®ET 2, RBALEREHRLS OB EE  B R & B,

B RO RIS FD 5 A~8 AD 20 HEHE L, K TIZ 9 AKA L Lo, ZREoBb
KR LT 64 A N—DRT o T VERRZ I Uiz, FIHMEIZ IR0 T 7 ) r—2 =
VT RDEMET D Atmospheric General Circulation Model for the Earth Simulator —LETKF
experimental Ensemble reanalysis 2 (ALERA2: Enomoto et al. 2013) ZFIH L7z, AZEERD NICAM OF
T VI EIL Kodama et al. (2021) EAERFRI U CTh 5, FHERITTY B Y L A2 BE LRV A TEm KR 2 5
HREIEE TR <RS 15m DR T TWHEET VEARBA L A LTZATH D, B, AT 7WEET LT
B Ui KRR E SR 7 B CREEREREUT (NOAA) K v #2HE S 2 LMK (0ISST v2. 1; Huang et al.
2020) IZRBEFN LTz, 7 2o 7OV EEBR TR L= BJEUE Nakano et al. (2015) D FEZHWTHIH Lz, 2
ZCIHAREEROE R A FERR L LT, dbg v REE, JEPEATEEE, dEEERE, ERPEEED B RO
THENE OF 2 ZENZER T 5,

B 2-5 1213 8 AICEEZBMA L-EROICERD 4 SOWBAICKIT D 9 HOBRBERERDEL LB 2R
T, FTNENOWEEE XA N T v 7 (IBTrACS v4.0; Knapp et al.2010, 2018) & k#d 5, db1 v RiE
TIE 9 BIZEROBEHN DRV N LA LN TWD (B 1), ALPEAREE TR AEDE/ N e E w23
MR TE D (L), AEREFRITHFIC L - TEKFHEOF LNl DOENRH D Z L DR TE 5 (B
) AEHKTEEE IR O LN T v TN A U R—DEF ORI E Y . FFEx LB B < HE
LTWDZ ENHERTE D,

AEORAEBUTHERG A IC L > TEB L Tz, B0 B R EROF 2« BB T 2T o7
SR OAE 2 BB OISR ZRICE LD D (F 2-1), A1 > REEXBIE TRALD D 1N T2 DT> H R
HhUTe ABVERSVEDFE 2 BENIRWMEM 2N o 72, ZAUTRERANTIE/ NI CTH D R & 2014 FF & Vo T
FFE OB REHMBIZ e DR H D Z ENEEL TND EEXLND, EREEICBWTH AR
T L AR TERN ST, ZHUE 8 AFHRBIAEIREIC L DAL 4 2 8) & [RIERI AR &
W/NFHIAFIZ L > TR | FArLIHORBAE LB 2 b5, EHEFEIL 6 AZKRE, AE
IZHBI L TRV FEA LB ORINB RN L3005, SEITHFE TIIACER 7 HIFE 270km, 135km, 90km,
60km ODET /L% Lhilgs U CACEAS TR > < 72 5 & ALFREED B RO R AL O BHMED R F925 2 &7
W& STV D (Strachan et al. 2013), ARFEERTHIM L7z NICAM (3K TG 14km TH Y | SEATHISE
DETNALLY LEGETH D, IR A T =X LT NI TE TRV, NICAM AR EE 7 503
JEHRREEDBRE D2 B OHFHMEL B < LIZREMD B 5,
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F 2-1: FHRBALA A B A HB B AR O AR 2 B OFHBIREL (ofF 1A E R FHBE. p 0. 05)
6 H 7T H 8 H 9 H

ALTE AR

5 HitmBALA 0. 26 0.41 0. 00 0. 38

6 HEHEBHS 0.29 0. 04 0. 30

7 A -0. 10 0.38

8 HEMABRAA 0. 70%

Bl NEFE ST

5 eI 0. 71 0. 10 0. 40 0. 46

6 HEHHEBS -0. 10 0. 45 0. 37

7 HEHEBG 0.27 0.38

8 HEtHBIs 0.30
ALK

5 HEHHEBIA -0. 2 0. 60 0. 59% 0. 79%

6 HEHHEBS 0. 69 0. 65% 0. 78%

7 HEHEBG 0. 48 0. 72%

8 HEMABRAA 0. 9%
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FEANG NICAM IZXD~vT v Va7 UEE) MJ0) ORT Y7 VER (BEE 2)

(T ZEBRFS TR,  ROROR P R U ERIFZET)

~vFr e Va2 T UEREE MJ0) 1E. 0(1,000)~km A A — /L THRELERAY U 72 RBUAL 70 6 TR S du 3 By o
Y RELNSERPEFECNT TP o< D EHET B THY . £ 30-90 H DRFEREFF - 7o HER MR 72 2
HINEBTH D, ZDOREBIRREZERI A 7 — VTR LT, MJO 1BV C o Rk D Z 70 597, B
REDFRAE, PREBRORETEO NV =—=3 - RSO & &0KEICED S 72 8 2EHIIROKE - K
BETKRT L T A 5.2 5 FE KD 1 5TH 5 (Zhang, 2013), Z D=, MJO DIEAE AGEDZA I 7
BRETDLMEA =X L0, BIOETMTLD M0 OTRIRHEDOIRIX, BANSFEHA S —LF
TORGBG O 72 TR EZ RS D Ihl > THEHETH D,

MJO DASFEOWEICEIT 2 2V E TOWFZETIE, MJO RIS D KR ) FIE A 5 KRR EE D2
DARBETHHETHRINVEFRTHY (e.g., D. Kim et al., 2014; Adames and Wallace, 2015). T
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MHREDFGR OB b ZF DR A AT 2R 72 S TE 7 (e. g, H Kim et al., 2016), ZDRIFITT

T M0 25T 57 aE A3 MJ0 Z7 —/LORZIGHIT I > TR —EIZIRE > TV D &0 S RIS )
LZONRHERTH D,

— 5T, REEFHFET L NICAI ZHAWVE M0 EBROBRIZIIUE, MJ0 Ar—LroRk&K 7ot 20k
IS <E@mTIE M0 =0 - FHIRHEOPIRIZIIA 7 Th D Z LRI TV D, Miura et al.
(2007) 13, MJO DVERTESOSRRIL, FATZEERROFAD HIKZEK 2 A O BUBBEELOMRA L CHAHE
P LSBT 2 A IV T TERINDGERNH D Z EEERM LT, 72, Miura et al. (2015) X1 »H
HRESHZDY —RZA LT MO DIEFEEZRATE LTI DL L 2R, EOEREL A I T OREIC
IXBEREITICE DO W AKIEOE(LNEETH 5 AR L T D, 20X 912, MJO OIEREI B
BELD L O R 7T 0 ADRBEZIT -0 . —HFTEMMEITO X 5 725EH 7 n e A OFEEZ T2
THEWIERIEL, M0 OEFHEEZERTLZ o 2O MEITEEGEELY D2 2B TRV, ThiT
MJO DT RIARIFANC £ DFRE D ARFEEMEZFFON L W) MBIC B ERET D, Lad> T, flx D MJODIRRE
DEA IV TN L > TEDRER G ShHE2EEMICHIEL, ZOMEMERZHGNCTH I &BNE

Th D,

Z OREEBROMRRAZMT T2 AT » 7L LT, AFEEIT 220 MJO FHNTH LT 14km A v 2 =200 NICAM
RO RBBT 9 7VHBEREZ G L, MJ0 OWKEE~DEIFES A IV 7O L ET L DERA
DR 21T o7, 7o 7VFERI, 2018 4 11 A BA e 12 A BRICA > RETHRAELZM0 (BT, £
n2h MJo1, MJo2 &EFD) AxGE LT, ThTh 10/25~11/03 « 11/23~12/02 O H 00UTC 75 45 HIH
o LEZboTHY . B HOKRKIREEIC NICAM-LETKF JAXA Research Analysis (NEXRA; Kotsuki et
al., 2019) TRV AERINT 100 A N\—OffffrEZ NS5 Z & T, AFF 2000 A/ S—DERAFEB L
7

MJO1, MJO2 %% 1000 A > /X—3EBRIC%} L C, Kikuchi et al. (2012) TEFIN7IZ MJO MAHZEM EOIE
i SR DR R DB AT o712 L 2 A, ZNTH 678 AL /3—_ 892 AL /A—T MJO 2875 KFPE (Phase 7)
R L TCNWDZ 2RO, £ T, ZNHDO A R—/]T MJ0 KRBT DX A I InEnrE
LW TWD N EMERT 720, (AEA Phase 7 IZEFE L2 HAFTHRI LI A L —EOBESAZ R LTz
HONRK 2-6 ThDH, MJOL & MJ02 DomfstEZ s % &, MJO1 TIEWKEDIERE A A IV 7R —EBIZE
EHHEMCHD (11/20 OHE—E—7; K 2-6a) OIZxFL, MJ02 THE—REICEE L TIIHIGT HHE % F5o

(12/22 & 12/30 ® 2 —7; [X2-6b) Z 0305, ZORRKIEL, MJ0 DIERFEEZFEBT LR T rEAD
HHEEIISGGICE s TRESHERD Z LE2YO THIEILRTHDOTH D,

ZTCOEREEMMSE LT, 1) MJ02 DIEIEXA 2 2 T OAIERONILE D K 5 2 WER 20E 013 5 5
2y 2) MJO1 & MJ02 TIEREHZ A I v T ORHFMENRRE S BRD01T 80 L) 280858 T oD, £
FL1) IZOWVWTHESED, M 2-6b TROND 20D — 7 1T LIz AL /"—  “Barly & (353 A
N—) b “Late 7 (249 ALN—) DI URTy MENTEITV, MFEELE LT, X 2-Ta, b ITZNEN
Barly fig & Late fRIZISIT D AREIKD WMk RIS LY OLR RO R IRERERX TH 525, MJ0 DRI #E
KEEND VR BT 2O Z A I ZIZREREVDRH D Z LD D, BARMIZIL, Early i#T
1% 12/15 BEIZITYEZEIR O LS ER S VTV D —J5, Late f#TI 12/25
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(a) MJO1 (b) MJO2 Num. of MJOs (End date on Phase 7)
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B TR RICRE I 233> TR Y . ZHUCKISET DI T MJ0 Of8EZ A I 7% Late fETITK 10 HiEN
TW5, £, 2O o R8BI 5WE O#EWE, Barly fif CTIEH AL O a5 KK
R 7 FIVDRADIMEREED O VIO LIZFHF S L TWD KO IR A2 —FHT (B & e, Xng) |
Late fECIZZDEEII DTN ETH D, ZOT v ATHIET D FEDFGE KO « ARLS O
IR 2 HAICHERR L& 25 (4 2-Tc, d) | Early ECRONIZTHET D 2 X7 DI &6 Lizie @l
BB OIEEL (BEr A —E ARV L TD-type #ill) THD I &Nbrole, ZOREDNBIFK SLD
Z X, VEEIRIEILOFEEOAAME L SRR D O 1 R DR EED B P EREOWRILIZ 237> 2 R
A=) LT M0 OIEHZA I 72 RESHBET D00 T &0 F£72, MJ02 (IZoW THERI
Early fg CR.ONT T v e ALSMNC b ZDEREETFTHRENHET 2L 0 ) 2L Th D,

MJ02 DIRFEZ A X 2 T DFEFRITORN o T HHERIBEELOFZE OGO M 2R 5720, VERFFEIC T
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RSEE TWZ 2R LT, ZAUCEEE U7 BRRWEEEL & LT, wave-convection coupling MDFREFIZ-D
UNCEENT - AR BAER OBLED DIFIR T X 2 T b d, BLUIIZIW T, VEEERIESLAS T A EICR
AT DEANCHREED B N7 735K E TEHA L, £ O T EFRORE & E st U7 nEE
WD BV (M 2-8a) . PHHERMIEELANE KR E TRGERI ARG &7 2 L TG B & 7e > Tz
L AEESE R [FRROBE T Early fif & Late ALt L7 & 25 (¥ 2-8b). Early D 5 A8 TR.H 72
Lo ERE NI 7 OWRE~OBEANLVIETHY . LAUTKHE L7 /1P 705@ifil] H iR < Bl Tune 2 &7
bhotz, ZOLEE NI 7O@RE D ITHREED o 2 E—RFOBEITA~DRAL K LI H DT, A >~ RED
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VT DWFEITH LT, MJ0 B L HHEEN SO L8~ T 7 OB AICHED J17HsRiE & O LAEH 3 B E
ERIETZEDHLNE T,
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H O —ODERETHD MJO1 &
MJO2 TIGEEZ A I o VO AEr N 72 B ) 1I2OWT, S TAZE (e. g., Miura et al., 2015) DI %
BEE 2. MJO DFEBLL TOZREOWFRAKIRSAA DR LT WO REA LT, 11 AICBEE(L L7z MJo1 HifH
FOWEHAIRIZR LT, FIIMEICH ICEE L2 (e, ZREETZBRZE; SSTRIX £HY) & 12 HICEAE
L L7 MJO2 HARIF OMEREAKIRICIE LEEZ 72354 (SST-MJ02 HEBR) D 2 SDEEEREZER L=, TDMmD
ZFE MJ01 OREHEEEREFE L L, ThZh 1000 A _—D7 % v T NVERET> TREX A 2 7 D4y
R e L7, £ ORISR, FEUEERS SSTFIX EERTIE MJ01 DEfEF A I 713 —BITE £ 28 & R
HTCWIZDTx L, SST-MJ02 FEER T

ZO—EMOBRNRTEEY . RS T LI RIBEIEVL A OLNZ, 0 Lk, 2018 4F 12 A Oifgm K
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T —DEEREREIKD & ZABKE, M E-2-3 1T CoupledI0 ZMHW\=7 7 A L BRI O]
ERERAZRT, ZOWPETIE NICAM224km A ¥ =, $1iE 40 JE& & AV, Coupledl0 D7 1t 2%k
Z 1706 16 e RE T LI TITIMONEEI TR o T, M7 — 213 3 o Hun
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16 FEEH, 2WTAEHS 26 FEHCH D, KHOKAOEES T 7 TR LUTAE (NetCDF get_and_write) 7%
AHFFE RS LTASRE COMINT DA TH Y | MR EH E Bt 0T — 2 HEHK, BX O
77 ANVHORHEERF LIV OTH D, ZD5b, BT — 24K L NetCDF B TH 7
7 A VDR OEF 2B EOW 7T 7 TRLTWS (NetCDF write_data), LD, 7'm
T RO L > TR REBIZ DD DR R OF T ORI R 6N 505, ZOREY A X - 7
1 A OFPH T, 1ZTE D LAWK Tl OB ThiL D Z E B Lo, i
D7 7 OEIXFFE L TORNE IR0, ZVFELWEITCIX, HAhT257 ek
DL - TT 7 AV ARIZ T B2 AR X D ICONTHI S D3, T ORIEEDT —4
FEHNT DD DI 1 | RO L, BE ORI L TWD Z ERbhoiz,
K VEGIED Y I 2 L—a  E OB T, K0 7 7 A VS LT RRBEE I 5
ETHEIND TS, T AEEEINTSZ LICLsmdb RiAEns, FEA Loy 7
T 70E, INETICEESA TV WPI-10 TOZ 7 A VHAZAWEREORETH D, K F
R 3B IEE] (F : GrADS get_and_write &#% : GrADS write_data ™7E) X NetCDF H 77
DA DM L IFIEF U TH DA, MPI-10 ZHWHAEMNCON DRI ELS . &bhic7e X4
BSEEINT 5 1Z EEL RAHMEICH Y . A64FX ¥ AT L TO MPI-10 D EE|TIdEbDO4H 73%
KFEEINTWDHZ EERBLTWVD,
4

3.5
3

2.5
: II II |
0.5
III 1 I 0 1
1 2 4 8 16

VAR ¢

BrfE ()

o

B GrADS get_and_write ™ GrADS write_data

M NetCDF get_and_write ™ NetCDF write_data
E-2-3 : Coupledl0 DFATHFRIFEAMASF,
2B 3Lk
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=7y VF—2Et (77—~ B, ESZEREEIIET)

7YV, RRAGEWE & L CREMEEE 25 ETHETH LT TIER<, KB - H
BB 7 7 v 7 A% BHREEL - WXL, &5 WVIXEESEE L 72D 2 & CEOMPBRREE A 2 TR
BN 7 7 v 7 AR B S E D20, K[EEB 525 ECEERWE TH L, SFEIL, 5-
10 4R A7 — )V OOARFRAEE « EHICOY I a b —3 g U CEE L 725 HEINE o FEYER FIzmiT,
Sty ie T v VT — H[EUL TR L e 5 E— T v Y VR AER 2 L0 IR B TR

EMMBLA X — D x-SR R 2 S L, £l 7 v Y UERET — & AL FEBR DR R
RREZATIR > T, BARRIZRAFFERR & LTUUT D 2 22T 2,

1. NICAM 14km A > 3 = fREIETOE-=T 1> )UHAAEHO ISR
2. NICAM-LETKE 56km A v 3 = G COT T 1y )R T — % RO ST FARE
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1. NICAM 14km A v > = ff R CoOE- 7 v )UFEEAEH O il 5k

ERIEER ) FET L NICAM (Tomita and Satoh, 2004: Satoh et al., 2008; Satoh et al.,
2014) ZHAWEREHZT B LDV 2 b—ra LT, 2Bk 1dkm B O @G E TR
RN 7 v VOFESMEE, ATHEES SO RO R & T O RREFTH L 2 L
ZNETORIZ L > THEDPD BTN D (Goto et al., 2020), ABFETIE, =7/ LE
E - BOKOMEEMIZER L. NICM OF - BKICET 257 NAVEREeLA LT, W77
v I ZADET NBENR ED X HICET D DD ER~T,
MWTeE T, NICAM TRETGYMEZFHH T 5 2 L3 TE % NICAM-Chem (Goto et al.,
2018) TH U, HH I/ T 1Y LE Y 2 —/LiE SPRINTARS (Takemura et al., 2005) % &
L CHA &7z (Suzuki et al., 2008), NICAM D 3—37 = L INICAM. 19 T, EfPHE Y =
—/LL NSW6 (Tomita, 2008) . E-NLEIZAEH LIS auto—conversion [FHEYERK CIIfE/KEhR &
BRI O IEBIRIZH D Berry (1968) & V23, ARAFFEOIRE LB & L CTRANFE
L BESERE OB N IERIEERIZH D Khairoutdinov and Kogan (2000) AW\ /=, =7 o/ )L
REETDHMDLRDN)O 2 @Y & 2 FEFED Auto—conversion ZFlAGHETER 4 DOV I =
L—ya v E LTz, BT VIREEITAER 14kn #7EAE T8 JBT. 7T AD 1 AMEFES LT,
BJE-3-1 1%, FEkE (M LoA) - BKE - REERE - A EERES 7 7 v 7 X - A& E
B 7 7 > 7 ADOBRAEFENCBI LT, NICAM (252 4 FEO Y I 2 L—3 a UHER B
FERAER LT, EAREITIERT D L, 2 FFED Auto—conversion OFNDEWNIE/KEFHMEICK
EREVELTZLT I ENDoTo, ZIUET NICAM TEHEMIZHWSILTE 72 Berry  (1968)
RS & MAC-TWP OBHIRERIZEE AT 0l NI T 5 Z &b . LY mElkshz
Khairoutdinov and Kogan (2000) Z WA DNEWIZ 0N RENTZ, BB, =7 a0 Y VOFHE
ICE > THEAKBEOEWVDEIL, Khairoutdinov and Kogan (2000) Z =4tk 50 BRI TIE
20 gm? FREEDEVIAE LTV, =7 1Y LOZEE Auto—conversion D7ZEL Y HEKEDOEAL
NS hole, BRELT TERLS, BESTLIMOMBREICEALTH, =7 r Y LVOFEIZLD
FEROZHZL, Auto—conversion & DZEEL Y BIHXHNTNINZ & bbb ole, FIBFEKET
4 DOV Ialb—ra UERICRKREREVEIZRS BIHEOENZIZ=T 1Y L ETY Auto-
conversion EYa—/LOEWTIEIHATE ooz, REOEEZ, EKE L FEEOMER S
U, Khairoutdinov and Kogan (2000) Z W2 Z & CEENEEIN L7223, ISCCP TH L 7-EIA
FER L OEIT T 2 Y VKRN Auto—conversion EY o — LOEWTIEEA CTX oo, B
7Ty AL, BKEKOEROEWVD LS4, Khairoutdinov and Kogan (2000) 2 5
T & TR T T v 7 AR LTz, FEEk (T 72D TAMER) T Berry (1968) Z iV iz
fERDFTHS CERES 12 K 2 BUARE R o 7228, %%ﬁﬁﬁﬁ@?ﬁiﬁréimmmmmmvmd
Kogan (2000) =i 5D 5 A3CERES (2 & DBLAKERICUE A~ 7z, FRCERRIS 7 7 v 7 12
B L ClE. Auto—conversion ¥ = —/LDEWI Lo T, dbfE 50 AT T 30 Wm? BETHY .,
KERENELD Z ENH LN E /2572, Auto—conversion E ¥ o —/UiX, EMWELRFIE DB
B & Khairoutdinov and Kogan (2000) D5 @2 L < HHLTE 2 2 & DD> TV D
DT (Suzuki et al., 2015). 57%I1% Khairoutdinov and Kogan (2000) ZfE#E L 172
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Val—a A EMTLHEE L,

(a) Total Liquid Water Path (Ocean) (b) Precipitation ; (c) Low-Level Cloud Fraction

[gm?] I [mm day) [no dimension]

8 08
i

6 06

fafm\ ‘ /\ fﬁ AS A
50 = W i/ \—\‘\/.‘_. 2 Wv\.ﬁ/ ,A 02 / \Ei&\ /_/7»\_ ¥

90 91 30N 60N 90 905 60S 308 EQ 30N 60N SON

(d) Outgoing Shortwave Radiation (e) Shortwave Cloud Radiative Forcing

Wm?] W 21
o - -0 “’ \\\ ~J Observation (a: MAC-TWP by
/ \/ MODIS, b: GPCP, c: ISCCP, d&e:
/ CERES_EBAF_Ed2.8 level-3)
e J o — NICAM with aerosols (BR68)
. % — NICAM with aerosols (KK00)
- P e - - NICAM without aerosols (BRE8)
/”: = - - NICAM without aerosols (KK00)
90S 60S 308 EQ 30N 60N 9ON 7905 60S 308 £Q 30N 60N 90N

B E-3-1: (a) TAE (FELOAR), (b) FKkE, (o) KEEE, () AMEERBEHT 7 Y7

. (o) AMMEEEWHES T T v 7 A ORI SAME, &/3 3% Tik, NICAM (2

X2 4 BEOVIaL—Ya R (27 ey VEER DN 2 FEFED auto—conversion Y

2 —/ LT, BR68 I Berry (1968) #% L, KK0O | Khairoutdinov and Kogan (2000) ® Auto-

conversion EVa—/L&/RT) CEBIHEER (FB/AKEIL MODIS 2> HLHEE 47z MAC- TWP,

BEKE I GPCP, ZE#lX ISCCP, it 7 7 v 7 AL CERES) VRSN THY . OB LA
TORFICEEH LT,

2. NICAM-LETKF 56km A v 3 o ffGRECOIT v /' VR T —Z [f L O HE SAEE

NICAM-Chem DARMEREE— K (48K 56km #&1) AT, 2018 FHEFICT U7 THRAELIEKR
I A A NA Ry NaextgE LizmT7 a7 — X k% % L7 (Cheng et al., 2021),
KLIGUE DT — X [FUEAFFEIC R T, 2ER 56km G I LB EOEIEICH S, AV
FULFREIIRTT v I~ 7 0% (LETKF: Hunt et al., 2007; Miyoshi et
al., 2007) Z#=7 rY /WZHEA LD THY , PEBEHERKDERFIEHT - E L BREEHFIET
THkRE L CBA%E - @B LT 7= (e.g., Dai et al., 2019), [E{LICFIH L7=BUIT — 213, &
HLERTE GCOM-C/SGLT MuAELN-=T o Y VERY) (Yoshida et al., 2021) IZEHENTWVD
=7 u YRS (A0T) Th D, FUERIROMEEL, FUEICHWTWZRWEIOBIRITH 5
54 % —%>v 7 —2% (AD-net: the Asian dust and aerosol lidar observation network;
Shimizu et al., 2016) <°Hi b AOT &1 (AERONET: Holben et al., 1998) & dLb#gz i@ T
FEhiti L7,

4 E-3-2 X, HARIZH DAERONET D 5 HOKIY A MIBITHET MRGREERZ R L TN D, 2
DS, KEKTIE 3 H29 HE 4 1 HIC AOT &fiEds AERONET TEUHIS L7285, 3 H 29 Hi
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NICAM-Chem 2MEKFHET, 4 H 1 B3/ NaHilEm Tdh -7z, GCOM-C/SGLI @ AT ZI[F{kd
% Z & C, AERONET B & DA 7 AT S ND L 912725 Z LMD b, FEERIZ, 3 A

28 H~3 H31 H& 4 H1 H~4 H 3 AOmH#EIZIsIT S AERONET #HHI& D RMSE ZFHHET 5 & |
[A{EIZ & > TRUSE 2/h&< 7225 2 E3bholz, K E-3-3 I&, 1§67z NICAM-Chen [Rl{bf5 R 2
SHITHGEEST 272012, 3 Womo=T7 v ER (=7 7 Y WEEGRE) (2B L TH K TOR
RIS Z 1T o7, AT 5281k ->T, 3 H31 HORE 2-4 kn IZRONDH XA A HET
L2 ENEND BN, Lo, HREHIICH O D SiRE=T vy ud, [FfkoA 2D
57, BUNTRONDEMRSEMEL O E<HBT L2 LIXTERN -, ZHUE, AL T
V% GOOM-C/SGLI 0> AOT 73 2 D’tﬁgf‘%b [FHAZ Ko THEHERENE N 2 8T 5 Z L ALV
72O THD, ZHERGET 5720121, NICAM-Chem £F/VH B OS2 5 LERH 5,

(a) 20184°3A28A~ 3A31H (UTC) (b) 201844A 1R~ 4A3H (UTC)

- 1.8
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O TRIKICEIT D AT OIRERFIGM, KIZiE, NICAM-Chem D=7 1>/ Lfal{b7s L
DYIalb—var (H FR), LSV O I 2 b— 3> (RFE; DA) . AERONET
B (B OfERIIRIN TN D, MPOREITHMFOI I 2 b—va 28]
o> RMSE (M) %79, XX Cheng et al. (2021) DOfEREZ—EEELZHD
Thb,
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AR LOY I ab—va VR, OIS Y O 2 b— 3 UfER, (o) AD-net
FA X —#RAl, KL Cheng et al. (2021) OFEEZ —HELEL-HLDOTH S,
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KZERNARLET — 42t (77—~ B, EZEREIIZERT)

KOZLERNAR (H'%0 & 'HH'0) 1%, HiEOKSF (H'°0) &HE LT, faFKZ&KUECILHBER
BAVNE Y, Zoh, BESEROBIZ, L0 EVKY T TH D KDRE RN DR AR K
2R DB &V O 2R, KORERMARICH T % K0 DIFEEIE TH D KOLE RN AL
X, KEKDEKRT DIEEEL 25, RETOKERIIEEOBRENRKE WD, ZOKEKDOE
{EDEERERPAFE E WS THERIC E D b D72 D), FiveE bOKEK & DIRE TH D D% XK
THZENTED, AFETIE, 20X 5 RKORERMKOEE ZBfiE L, ThaiEcRs v
D EAITIENT 720, #2 TR SN KRR T — 2 2 Ve RRET MCT —Z kT 5 2
& T, KOLERNAEPBIERR T ROBLFCHRTE 200 2#HET 26D THL, EEET
2, KOLERARE RIKE S AT MMEGET L NICAM 1ZEA L, NICAM-WISO ZBA% L7-, A4
%, B LT VAW EREZ TR o7, BEMIZIETRRO®Y Thd,

1. NICAM-WISO XifsEZER : NICAM-WISO |2 X D RUEFEBRAITV, BT VORKUKIEERD &2/ 7 A
ORFEFEE B ST B,

2. NICAM-WISO T —X[ffts AT LDRA%E : NICAM-WISO Z W=7 —X @by AT LA&BR L, K
[FNL IR T — & [AME OYIIFEBR 517 5 .

NICAM-WISO ifiFBn

WEARBE £ CITBAZE L 72NICAM-WISO 2 v ek ddinads 272 o7, ZEMfEEE GLOT (K 56km) |

EhiE 78 JBICERE L, 12 HRIDT I a2 b—a (1979 4£~1989 4F) {757, XL OO 14T A
B Fy 7L LTSN L, #3410 Mo O Rl S LT, 7o, ZEMMGEE LR Io L &
DRBLZ BT 572012, ZEMMEE % GLO5 (F) 256km) LN GLO9 (F9 14km) & L7z I = b—
arEFEmLE, InbYI 2 b—a UEIRIE 1979 4~1982 AEETE L, B 3 AERA Y
USRI L7z,

B E-4-1(a) 123 2 = b— F SNTeBARPOKRIELERMMAL (6 H) ORI L BRI S L7l
EBIRT T VIRHRI 22 RN R4 O A A & < FFELL Cuie, SRR, BRI AR T B
WeEm <, EREEBIZ SRS R OBEDRNAOND, o, 2—F T KEOEFE) L HFEIT)H
T CRAAREEDME R 2 NEZNRSC B~ 7 Y e E O @RI CIRIN AR MR T3 2 mEZ RS LS
Nl ZOX ) RERIESHAOBMIZE Y, ¥ 2 b— b ENT-BoKRMALIZBIRT — % & bir
<\ ZERIHIANC & o T ARBREIT 0.88 ThoTo (K E-4-1(b)), 72721, WL ODBRRIZIBNT,
EBTIUIREAK O M ZBAFEM L TV D Z ERHLMNITR 72, 1 DIEEEER OB A GRALOHE
) THH, ZnoIiET T AEROEREEIR Ch o7, b O 1 DIFFEBIEOBIHLEATH Y . Z b
TR TR =T REEEN TV,
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TETCVDER, K& 2200V RREENZ, 1281, ¥ 2 b— F ENEBKRENALOH
FANSWZ L THD, BRI AL OFHEIEDOFIHIE-221~29% Td 2 DIZxt L, BUH S 417 %60
1%-325~31%0 T o7z, BEKRDLEFNARITREART DIZ LKL 22D DT, FEIKFENLA L D ZE B A
INEVDIE, FRICEREETHE VAL TRWATRENZ TR 5 0 Th 5, IS, EFERT
2 b— SN AREKEITERTH Y, FRSKHRE T8 CRE el 4 7 AR ST
(KRET), 07, BARORERNAARLOFFAI/NZWNOIE,  chiiE i oW FE (2 B
LERMEEENZEZDND, §—FAT 7 I L EIBITHE D 1OD@ENEL, KABRITHT 5K
DL ERINLAR L O AN OEN T D, BB R IZHE R < 3m L TW5H2, &R
0°'CLA FIZHRWT, FHRMEIZRAMRD EFRIZAAN Lo WMEA S R S5, KR T T, KEKEKE
DETHRTHIFE, KABRDO LICHHT 5 2 ERHEBRINCH SN TEY . 0CCULTFDOY > FLiise
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Saito, K., T. Matsunobu, and T. Oizumi, 2022: Effect of upper-air moistening by northward
ageostrophic winds associated with a tropical cyclone on the PRE enhancement. SOLA, 18, 77-80
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LETKF with Attenuation—based Localization: Experiments with a Simplified AGCM. Mon. Wea. Rev.
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Tochimoto E., and H. Niino 2022: Comparing frontal structures of extratropical cyclones in the
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Hirano, S., K. Ito, H. Yamada: Deep Hub Clouds in the Eye of Tropical Cyclone Trami(2018), 34rd
Conference on Hurricanes and Tropical Meteorology, Online, May 2021.

Sato, Y., Hayashi, S., Hashimoto, A., Development of a lightning model and implementation into a
meteorological model developed in Japan Validation through the comparison with the ground
base measurement, EGU 2021 EGU21-6984

Hirano, S., K. Ito, H. Yamada: Deep Hub Clouds in the Eye of Tropical Cyclone Trami (2018), AMS
101st Annual meeting, Online, Jan 2021.

Kotsuki, S., Oishi, K., and Miyoshi, T.: Improving the stability of the Local Particle Filter and
Its Gaussian Mixture Extension: Experiments with an Intermediate AGCM. WCRP-WWRP Symposium
on Data Assimilation and Reanalysis, September 13-18, 2021

Kotsuki, S., Terasaki, K., Satoh, M., and Miyoshi, T.: Ensemble-Based Data Assimilation of GPM
DPR Reflectivity into the Nonhydrostatic Icosahedral Atmospheric Model NICAM. JpGU 2021, on-—
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Kotsuki, S., Oishi, K., and Miyoshi, T.: Improving the stability of the Local Particle Filter and
Its Gaussian Mixture Extension: Experiments with an Intermediate AGCM. JpGU 2021, on—site May
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Saito, K.: Short range precipitation forecast (1). Seminar at Viet Nam Hydrological and
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Nam Hydrological and Meteorological Administration. December 27, 2021. (invited)
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Na, Y., Fu, Q., Leung, L. R., Kodama, C., Lu, R. (2022): Mesoscale Convective Systems Simulated
by a High-Resolution Global Nonhydrostatic Model over the United States and China. J. Geophys.
Res. Atmos., https://doi.org/10.1029/2021JD035916.
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Tkehata, K. and Satoh, M. (2021) Climatology of tropical cyclone seed frequency and survival rate
in tropical cyclones. Geophys. Res. Lett., 48, e2021GL093626.
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Shibuya, R., Nakano, M., Kodama, C., Nasuno, T., Kikuchi, K., Satoh, M., Miura, H., Miyakawa, T.
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hydrostatic atmospheric model simulations with explicit cloud microphysics. J. Meteorol. Soc

Japan., 99, https://doi.org/10.2151/jmsj. 2021-046.
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Miyakawa, T. 2022: Model Improvement, WCRP workshop on Future of Climate Modelling, 21-24 March,
2022, online.

Miyakawa, T., T. Suematsu, R. Masunaga, T. Kawasaki, R. Shibuya, C. Kodama, M. Nakano, H. Yashiro,
M. Satoh, 2021: Introduction to the Ocean—Coupled Components of DYAMOND2, the Inter—Comparison
Project for Global “Storm—Resolving” Numerical Models, PASC2021, July 2021 Geneva (online).

Satoh Masaki, Chihiro Kodama, Hisashi Yashiro, Tomoki Miyakawa, Yohei Yamada, Woosub Roh, 2021:
Nonhydrostatic Icosahedral Atmospheric Model (NICAM) studies on the supercomputer Fugaku:
Challenges and next directions. AGU Fall Meeting 2021, 12-16 December.

Masunaga, R., N. Schneider: Surface wind responses to mesoscale sea—surface temperature over
western boundary currents assessed by spectral transfer functions, JpGU 2021, June 2021 ,
Online conference.

Suematsu, T., T. Yanase, H. Miura, C. Kodama, and M. Satoh: A consecutive development of MJO
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events reproduced by three—months SST-forced experiments with NICAM, Japan Geoscience Union
Meeting 2021, 2021-06-03, online.

C. Kodama, H. Yashiro, M. Nakano, T. Suematsu, D. Takasuka, Y. Takano, R. Masunaga, Y. Yamada, T.
Arakawa, H. Miura, T. Nasuno, T. Seiki, W. Roh, A. T Noda, T. Ohno, T. Miyakawa and M. Satoh,
2021/12/14, Overview of NICAM activity on the supercomputer Fugaku, AGU2021, IN22A-01, Online.

C. Kodama, H. Yashiro, M. Nakano, T. Suematsu, D. Takasuka, Y. Takano, R. Masunaga, Y. Yamada, T.
Arakawa, H. Miura, T. Nasuno, T. Seiki, W. Roh, A. T. Noda, T. Ohno, T. Miyakawa, and M. Satoh,
2021/9/8-9: Challenge to a global cloud-resolving climate simulation with NICAM, CPM2021,
Online.

C. Kodama, Y. Yamada, T. Ohno, T. Seiki, H. Yashiro, A. T. Noda, M. Nakano, W. Roh, M. Satoh, T.
Nitta, D. Goto, H. Miura, T. Nasuno, T. Miyakawa, Y.-W. Chen, M. Sugi, 2021/6/4: HighResMIP
climate simulations with NICAM and beyond on supercomputer Fugaku, JpGU Meeting 2021, AASO1-
12, Online
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Miyakawa, T., Yamada, Y., Suematsu, T., Masunaga, R., Takasuka, D., Nakano, M., Kodama, C.,
Yashiro, H., Satoh, M., Miyoshi, T., Kodama, T., and Kawasaki, T., 2021: Overview of global
scale large ensemble simulations using NICAM on Fugaku, JpGU 2021, June 2021, Online

Miyakawa, T., Yamada, Y., Suematsu, T., Masunaga, R., Takasuka, D., Nakano, M., Kodama, C.,
Yashiro, H., Satoh, M., Miyoshi, T., Kodama, T., and Kawasaki, T., 2021: Towards S2S-scale
Large—ensemble Prediction Using Global Cloud/cloud-system Resolving Model NICAM on Fugaku,
AOGS, August 2021, online

Masunaga, R., T. Miyakawa: Global large ensemble simulations with a cloud-resolving atmosphere
and eddy-resolving ocean model, JpGU 2021, June 2021 , Online conference

Yamada, Y., Nakano, M., Miyakawa, T., Kodama, C., Chen, Y., Yashiro, H., Nasuno, T., Satoh, M.,
2021: A 1000-member 14-km mesh global ensemble experiment to target typhoon FAXAI (2019). JpGU
2021, June 4, 2021.

C. Kodama, Y. Yamada, T. Ohno, T. Seiki, H. Yashiro, A. T. Noda, M. Nakano, W. Roh, M. Satoh, T.
Nitta, D. Goto, H. Miura, T. Nasuno, T. Miyakawa, Y.-W. Chen, and M. Sugi, 2021/4/29: HighResMIP
climate simulations with NICAM and beyond on supercomputer Fugaku, EGU General Assembly 2021,
EGU21-8580, Online

Suematsu, T., Y. Yamada, C. Kodama, T. Miyakawa, H. Miura, and M. Satoh: Microphysics dependency
on the reproducibility of the MJO in the DYAMOND winter phase experiment on NICAM, Japan
Geoscience Union Meeting 2021, 2021-06-04, online

Suematsu, T., Y. Yamada, C. Kodama, and T. Miyakawa: A comparison of the microphysics dependency
on the reproducibility of the MJO under different resolutions using NICAM, European Geophysical
Union 2021, 2021-04-19-30, online

Suematsu, T., C. Kodama, Y. Yamada, H. Miura, D. Takasuka, and T. Miyakawa: Microphyiscs dependency
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in 3. 5km NICAM DYAMOND phase 2 experiments, American Geophysical Union Fall meeting 2021, 2021-
12-17, New Orleans and online

Nasuno, T., 2021: Impacts of cloud microphysics modifications on diurnal convection and the ISO
over the Maritime Continent: A case study of YMC—Sumatra 2017. Japan Geoscience meeting 2021
(virtual), June 4, 2021.

Masunaga, R., T. Miyakawa: lobal coupled simulations with cloud-resolving atmosphere and eddy-
resolving ocean coupled models, OSM 2021, February 2022, Online conference

Kohsuke Ikehata, Masaki Satoh, 2021: Climatology of Tropical Cyclone Seeds and Survival Rates to
Tropical Storms. AOGS 2021 Vitual 18th Annual Meeting 1-6 August 2021(5 Aug. 2021).

Masaki Satoh, Woosub Roh, Shuhei Matsugishi, Yasutaka Ikuta, Naomi Kuba, Hajime Okamoto, 2021:
Evaluation and improvement of cloud and precipitation processes of NICAM with ULTIMATE.
Improvement and calibration of clouds in models 2021, Toulouse, France, Apr. 12 - 16 (online

Presentation).
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Yamada, Y., Kodama, C., Noda, A. T., Satoh, M., Nakano, M., Miyakawa, T., Yashiro, H., and Nasuno,
T., 2021: Evaluating performances of one-year simulation by using 3.5 km mesh global

nonhydrostatic model. EGU General Assembly 2021, April 29 (online), 2021, Poster

Yamada, Y., Nakano, M., Miyakawa, T., Kodama, C., Chen, Y., Yashiro, H., Nasuno, T., Satoh, M.,
2021: Evaluation of Typhoon Faxai (2019) in a 1000-member Ensemble Simulation with a 14 km
Mesh Global Nonhydrostatic Model. AOGS 2021, August 6, 2021 (online), Poster

Y. Na, Q. Fu, L. Ruby, and C. Kodama, 2021/12/15: Mesoscale Convective Systems Simulated by a
High—Resolution Global Nonhydrostatic Model over the United States and China, AGU2021, A35S-
08, Online.

A. Rehbein, T. Ambrizzi, M. Satoh, and C. Kodama, 2021/9/10: Spatio—temporal representation of
the Amazonian mesoscale convective systems by the Non—hydrostatic Icosahedral Atmospheric Model
(NICAM), CPM2021, Online.

Nasuno, T., M. Nakano, H. Murakami, K. Kikuchi, and Y. Yamada, 2021: Responses of the TC and
precursor activities to the Pacific SST anomaly in 2018 boreal summer. AO0GS2021 18th Annual
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