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2. BRICHES R EILREKERTIT VIR

2009 45 18 B-HREDRFOFEISEER (2009 4510 A
6 H 18UTC O A Y/ fifthft & #HIME & 3 2 APl =
10km @ IMA-NHM (2 X % 6 K TORE R[] %X 1
(ZRT, 78 HARCEI S-S R 2 k) > TR
SALIZAD S EAFHH TV D,

ﬂrl. 2 l"‘ .hﬂ-]u ﬂ Hl

s T T

3
o R

X1 7) 10 5 7 H 0OUTC i 3 H#F'ﬂﬁ%kgkﬂﬂ%m
#) 300hPa AL L KSR~ RV,

2 |2 HARDEF(130-137 E, 30-33 N) T L 7=
FEEOKERE S, Jum & REB JOKER T T v
7 ADERET 17 7 A M2 T, b & EEIE 3km

B RFI2

ENN Y N

X0 ETIELZ2Y 300hPa () 9km) & Tl KIE & 72
D Z ORI TR 5328 70%30T < % 58
TU \éo

1

e e

2 7£) 10 H 7 B 00UTC ® Elzt:@ﬁﬁ;”itaji(lso-m E, 30-33N)
TE LA mEORA (B LAZERRE (H). b
W R BLOKEL T T v 7 2 (B) o IE7°D774/1/0
H) AU < FEHIER RSy, £7) RUEFERRICKIT D KER T v
Ty AN R Bl

3.  LREMZ®PRE ADA /XY b

B 2 T/ L7z HARO M COm BRI IB1T 2 I
MR\ D% 55y & LT, itﬁ%#ﬂm&ﬂb:ma 72 %
FEOKREREK 2 FOXHITHS LT, 7 /L% 00
UTC(FT=6)/"H Y 2 Z— KL, BEKNEIEDLDLNE
T, X 3K, AREFRICIS T 5 FT=6-12 @ 6 Kt
DOREKE (£ L) LEEEBRCORRKDOMA, L0
H A%(130-137 E, 31-34N)Ja C-%) L 7= 1 BERIRKERE
RHZETH D, FROKEREZEZ THRWIZH )

26T, T HARORAKMNED LTV, FT=8-9 Tl
FEICT) TR 30%I25E LTV D, T /VIIREE S
FTAZYP—2a v BEATODLMN, BAREDORDIX
FOFRENEYBLURIRICL AL DT, U AZ— REEC
ﬁ% Lt7k7‘f< %%:Llﬁloto

3 ‘_L_) _1&%‘5'3*_@5%@:}5&7‘5 FT=6-12 @ 6 DK R, 72
T) REFERRICIT DK OB, 7)) 76 HA(130-137 E, 31-
AN G L7 1 RSN KR O RFRIZE (K [3],
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4. FEMBRRS L HERER

4 72122009 410 H 6 H 18UTC D AV fifthir A 414
K] & 925 IMA-NHM (2 X % 9 W PO R R K &
ZRT, ORI OIEHIERD 2 WAGERIZ1E S $RiELit
Z . FEHVEE RSy D KR HL A Saito (1994) [4)1Z D &
PREFEY 9D Z ST L VRO, K 4 AIEE R Skm
DI Ry & ZAUC K DERNEIRO KT, A
N B IR IR O3 2 & D ERTEFE NS < IED /A &
~ LT,

E 25H +-
T L A R T T T TRT W 3 3

-
0 20 40 60 80 100 16 -1 -02 02 1 10 80

X4 7/£) 2009 4510 A 6 H 18UTC A @IHARAI & L7z 9 BEH
TR DREM KR, £) 2%=5.05km DOFEHETRR (-~
7 MWV EFRUC L D8E (BT —2 =— R, AKEHMIZA
L= T DT TND),

[3] Gzl A i & E 36 U7X 4 7RM (130-137E, 31-
34N) T L7-nEFRIL. FHLFEER 3 B T 5 12
HRIPIMEC-ELTETHY (K5L)., $HEHIAIC
VI s B e B R A T IR R AR AT K B Eh
HEif~DORERFENRR SN (K54H),

W at Z*=3.15km

5 4 FREEIE O L TATESERRIC K D8RR, HDS
TR ERL Sy, DS AR Sy, IR EFE, A2 L) FT=3-6 @
KERFI, z%=3.15km, £ F) [F < z*=5.55km, £5) FT=9 T»
hETa 77 A,

5 TR L7-IEHEICAE © $hiEdiE, FKIck 2
T4 =Ry T BELTNDDT, JIFHRIKIC L D
IR OF G % BIES 720, RIA4ET/VORKE
DWW T OIRHT L7, FEME RS K D ERERIE, R
TAETNVERTIIRIEICIH 2508, (K 6), &E
8km LV FETIXIEL 2> TEY, JFHRINIC LS

FHEHIBTE D 2 IRAGER DK Z TR T2 DIZFFE- LT
LT ENREESND,

W at Z*=3.15km

K6 [K5LFIL, RIAETLVEBROEE,

Ak, BRENNRIC X D RK B RO 42 Efigg e
TIVTHAD & Lbi, JFRIRRIANC & 2 FErfE
£ 2 CPEBRIZHE D SRIEFRA MK & £ OREER(L L T
WD DITHONWT, EEFERTHAD TETH D,

ZE R

[1] Saito, K., 2019: On the northward ageostrophic winds
associated with a tropical cyclone. SOLA, 15, 222-227.

[2] Saito, K., J. Ishida, K. Aranami, T. Hara, T. Segawa, M.
Narita and Y. Honda, 2007: Nonhydrostatic atmospheric
models and operational development at JMA. J. Meteor.
Soc. Japan, 85B, 271-304.

[3] Saito, K. and T. Matsunobu, 2020: Northward
ageostrophic winds associated with a tropical cyclone. Part
2: Moisture transport and its impact on PRE. SOLA, 16,
198-205.

[4] Saito, K., 1994, A numerical study of the local downslope
wind "Yamaji-kaze" in Japan, part 3: numerical simulation
of the 27 September 1991 windstorm with a non-
hydrostatic multi-nested model, J. Meteor. Soc. Japan, 72,
301-329.

_‘I‘I_
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1:BLRTRHE T, 2R P32t

1. [FC&HIC

MR EFHEHMELIC ZES < B AR 0.05° H Bk 7
Y v K — ¥ (APHRO JP, Kamiguchi et al.
2010)Dk B % HAY & LT, Masuda et al.(2019)
BLOHIHQ2019)TlE, fitEEMEDOM, K[t
WFZEFr 3 1155 /L NHRCM (Sasaki et al.,
20112 & % HB K EREEEZ AWz, Ok
R ALBARD F LEKIBIZ I 1T DK GR A
23 10% LA N &7 ol AMFESITB W TZ O
fEREWMET D,

F7-. APHRODITE F— A TlL, IFFEDOEN
KEDOFAM & Ak OREAK - TR Eo7-
DIZEER] 7 U v REEAKT — & OVER & 7k A T
V5% (Yatagaietal.,2019,2020), Z @ HIZIE
PR CERIPIZE BT — 2 2 H\WD Z &
DIE7, LHEREAK D22 - RE 22 2 & U2 B
TR A BELRBEENRVETH D, 2D,
NHRCM H A K ED HZ L OBFEELT -
TR R b & T 5,

2. NHRCM [C & 2 BBKET—2DHE

APHRODITE 7 —#{E7 /v =Y XA TiX, H
BEAKBERKBEME»LOESGENHEL TS,
APHRO JP fERCFEIZ, AT — Z TR Z)T
AMeDAS B S 2 WV ZUEEIE IMA A > &
=2 KEE (AMeDAS 2> BAERR) & HAvTnsg (¥
1), APHRO JP O NHFRZDMFT D 7=
NHRCMQkm A v =)H KRS AMeDAS
B H S OALE 2 HHH L APHRODITE O F4ET
W% Jii L NHRCM fii & i L7z & 2 A, Wi
PRI EFHBI OB @mAT T RE WD &2
DMl oTz, o, BEH L0 bR CEiE
B CHEENEL - (M), 2T
APHRO_JP NHFlF OB 2 IMA A v ¥ =2 55
7> 5 NHRCM XUBEAE (1980-1999 4, BifE 5%
EBRO HEKEE 20 455 F¥) L FFT T 6 ik
ETHIE) ICE LB, TOMRE (X2,3),
LB A CGRALH) B AR O A ZRFEKED 1%
ML, Masuda et al.(2019)1Z & 2 fliHE KA I 5&
RICIEET 2 b DI o Tz, o, HARMERIO 4
DO L (BRI A, A)IE L RN A, F
B ) DK TRIRGEZ T - 72 &

A, 4 OOFRIRO L) THRIEGEAZE 10% LT
(272 572 NHRCM XUFEE~DZE L A2 L D K
TR BRI BT DO VTE KR O O E O H
WThoTm, (ZDIEDMIRREKEFOMIE & Bt
L7=RZ ZTIEAKT 5),

3. NHRCM [k B ZE {1k D #REE

AMeDAS FERIBEK & (1980-2012 4, 32 4F47)
Z 1 B 2 & H BALISTEME A R D, 24 B
430 365 H(2/29 %R <D RYZFRE L, IMA
Ay v a2 JBEEN S OEIG ERNIFT L2 LT
Uy FEE L, ZN0EH FFT 2A L7 (HRE
K& RIBRIZ 6 sy 2 ARk . 59 H H(2/28) & 60
HBGM)ZYE L 229 D& L 366 H x24 FiZ)
DRI ZH 7Y v RTREA LTV,
NHRCM & [FEIBEIC 1980-1999 4E (20 4E4y) @
& HOEROREKEEIEZE 7Y v RIZE
WC FFT Z3ifH L, 24 8 366 H 4y D BRI
EAEFE L,

1AL 7 HIZOWT, 5 (17-18 ) LHJF
(5-6 ) DRFKEL[/BEMHEDOZZ RDIZE A,
APHRO JP TH LI D HE, T7bHH)
(IR B AR SN K L 0 < # HITih
sk v L NBET CRRKEN SV E WD AL
DOAfREIEA 2, NHRCM (£ 1 A6 7 HbH#EH
TETWB I ENRbhoT,

A2 (1 H) 125V T NHRCM 1%, HAbH#5 K
PR &AL TA JF (W17) OBEKRDTRU (550,
H ASHEHA D 23 #id ks K ONE R T (4 77) @
BTV (F9VY) 2 ERbhoTz (X 4),

27 (7 H) 125V T NHRCM (%, T EA,
o E T G TN GRS T4 5 (7)) DRk
DAY (F9UN) FEMED A D372, APHRO_JP CHfff
TEAZIR O M2 H BB REE N A B LRV D 1T
IMA A v v 25 fEE W= b EEZ Hib,
4. L&

R F HELRIE 0O B /b 72 |1 i Hitdsl oD 22 fE] PN 4
FRIRE D RE7K B O/ Nl O A IEIZ NHRCM &
EIIEHTHDL EEZLND, L, HE
LA O TN M - ZE T EICHHIE LT
ORI K EREEAER T 2 2 ENEE
LD EWRIB STz,
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Kamiguchi, K., O. Arakawa, A. Kitoh, A. Yatagai, A.
amada, and N.Yasutomi, 2011: Development of
APHRO _JP, the first Japanese high-resolution daily
precipitation product for more than 100 years,
Hydrological Research Letters, 4, 60-64
Masuda, M., A. Yatagai, K. Kamiguchi and K. Tanaka

2019:  Dairl adjustment for wind-induced
precipitation  undercatch of daily gridded
recipitation in Japan, Earth and Space Sciences

0I:10.1029/2019EA000659.

Sasaki, H., A. Murata, M. Hanafusa, M. Oh’izumi, and
K. Kurihara, 2011: Reproducibility of present
climate in a non-hydrostatic regional climate model
nested within an atmosphere general circulation
gladel. SOLA, 7, 173-176, doi: 10.2151/so0la.2011-

Yatagai, A., K. Minami, M. Masuda, N. Sueto 2019:
Development of Intensive APHRODITE Hourly
Precipitation Data for Assessment of the Moisture
Transport That Caused Heavy Precipitation Event,
SOLA, DOI: 10.2151/sola.15A-008.

Yatagai, A., M. Maeda, S. Khadgarai, M. Masuda, P. Xie.
2020: End of Day (EOD) Judgment for Daily Rain-

Gauge Data, Atmosphere, 11(8),722, DOI:
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A ER KO8 B 56km + 1024 A > 23— D NICAM-LETKF % v 7=
SR 24T H SO S B FEER

*SF I g U2

L ELoic

A2 4T AR, IERE LIHENATRIC Lo T
JUMH S 2 HulZ B & 72 0 | REARIRCIEREE [ DR
B X > CHERREEN LD SN, ERICXL D8
FRGHDO T OIZIE, ZOJFRKZEHZ T TldZe <, KOk
MR THRINAR R TS, L L, SRREEKEO X 5 72
A=V DINS OB A REZERI RS B < TR 5
T EIIEEICEE L, TEOFE LGRS O E
IZ&oT K0 EL DOV RO RTINS
WREIZ 720 5% B, Miyoshi et al. (2015) 1%, A—
N—aa—4 [ OMEEER AN L, RERKEHMS:
JE 112km + 10240 A >7X— NICAM-LETKF |2 & 5 K7 >
P T NT = ZEAMEERETV, U VEHREICE
ENDV TN U TEEORBEEHLINCT 52 S
< OFNR A=,

AHFFETIE, TH) OB TH L8 L A— 33—
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DEDENE 273, 1, 024 HDOT L TN aEroZ &
DAEMEZFHET 272012, 1, 024 Y- 7N OHNG T
VBB OY T T VR LG A L s L
720 32 fH & 64 fHDY 74> 7 LTl fgm W EIA T
KZTHILTOD (K 1a, 1b) R E 7250 7L
BHDIanTed, ERICKREZ TRIL TWD 7 o
TIWVA L N—=DENTD T, L, o 7V X
BHITOIT, FESESATITIE HNT/2 Y | GSMaP TR .54
LTINS ORI A L <X 5, A%
JTOMES REIT 2020) [ZXkDHE, ZOZEMITESE
7o MERR AR B CRAE LR KT L > Th e b &
HTze ARG 56kn DET )L ClIfRR B R 2 g
TE PRI RKRO B — 7 [ZRETE 2008, 1024
AUN—=EL WG KT v TV ERNWS Z LT, Sl
ERDRINDEE D ZFANIHE A BV ATREMED VRIS
-,

42 13,2020 4F:7 H 3 H 1800UTC DFEI -4 (129. 75E-
132. 25E, 30. 75N-33. 25N) $hBE AR KA & (TCW) O
Ho 7 Z7fBZ R LizbDTH 5,7 H 3 H 1800UTC (2
JUN EZ2IZ R 6 5 REZRIEOMBAIZ, W Z#5 &
FAPE ST BBEN L TE TWAH Z L bbb, HHEER
B, 7 H 3 H 0600UTC (X 2b:-12 EEfE) T 0.6 LA L,
7 H 2 H 1800UTC (¥ 2c:-24 B[#]) TO0.4 LLEE 725
TWD, ZOFEFRIE, TN 2200~ 72225 A B S T-ifE
HRTH D TREME AR LT, —J7, PEREMHIT
IXHAfE 7R B ORI R L Tl 0 . Jull EZEDE -7
2855 & HIE RO L - 22 KICA BN H 5 =
LERLTWD,

4. FEE®

AW TIE, FTLNA— = Pa—F [BE &
AL, B2 4 T ASEROFEHFNCOWT, AKEHAHE
J& 56km + 1024 A L 3—D NICAM-LETKF 5 —Z [@{b5A
I N OTHRIBREAT > 72, VARG 56km [T
KRG TE RN, 1024 AL R—L W) KT 4
YINERND LT, BRI DR TRNE A
FRECE D ATREIEA TR LTe, E70, fkx a0 7
T VARBEMRATIC X D BRI, D 100 A
UR—RREEDT Y TR Y v TERED
WA CNEECH D, 1024 AL R_R—EHNSHZ L
T, 2OV T U TREEE KB S 2 CHRBIfET
MWHREE IR D N ghotz, V—27 v a v’ Tk, &
572 DIRNTHESR A FRIT %,
3k
[1] Miyoshi, T., K. Kondo and K. Terasaki, 2015: Big

Ensemble Data Assimilation in Numerical Weather

Prediction. Computer, 48, 15-21.
doi:10. 1109/MC. 2015. 332
[2] Terasaki, K.,
AMSU-A radiances with the NICAM-LETKF. . Meteor. Soc.
Japan, 95, 433-446.
[3] Terasaki, K., S. Kotsuki, and T. Miyoshi, 2019:
Multi-year analysis wusing the NICAM-LETKF data
system. SOLA, 15, 41-46.
doi:10. 2151/sola. 2019-009

and T., Miyoshi, 2017: Assimilating

assimilation
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2019 4F 10 H 25 HDO CADIZHE D HAAD KINOHIE «- ERE XX — Al xtd 5K E
N OEOK, A R, g m R AL KPR EL), # oK fE SR (R ST SR

1. [FC&HIC

2019 4210 H 25 HIZ, TEERZHLETHHHAAK
EPEMICRLERTI 72 KN & 722 o 72 AR H 4TI, Cold Air
Damming (CAD)23 %645 LT 0, B HOFEE 2> Hiti L
THER & F D DI UAT IR & O] CHARE R RiHbAT
BOMERE 72,10 A 25 B 00UTC O FREIZHIT SR
fir & Jm\E 75 &, B OALE D b AR~ FAL R ORIC
Ko THRA LR M S S b CHERE R
M~ &ALV L, 2 ORI S AHEATERL S LTV e
T ERONDIX 1) IEFR IR REKITZ ORI TED
THY,CAD DEZDIEY H L ORRED K DAL ER:
BN ERE/ B AR L2 E 2 6N 5. B HA0H 24
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(Ddx3 EO Deardorff ®dx1 EO Deardorff
@dx3 EO MYNN3 ®dx1_ EO MYNN3
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@dx3 MO MYNN3 ®dxl_ MO MYNN3
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3. #R

AR L—H—GPV 2 HEFE L7Z 10 A 24 H 21UTC
D HO 15 BEREFRKE L, 1km EBRCREH ShuzlA]
B O BKEZX 3 12779 Gkm EEBR O XH).
dx1_MO MYNN3 Tl4,24 HO MSM AR & [EIRC, 52
BR D BRINIK L Y b PEICHRIE R ST b (X
3ab). [Al B A — A THHEA EO AR LT
Y6 (X 3cy vl CHE C b ELSUE A% — 4% Deardorff
(AT L7234 (X 3dNC IERARAIE D K 0 s E A
&4, dx1 EO(or MO) Deardorff (X FZBRIZ AR & 72 o
7o TRERICBRNI A G R CE TV 51X 3de). £ 72,
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The impact of topography on the predictability of moist
convection and precipitation development

*Pin-Ying Wu (5L #5 K 5 B 2 0F 28 F),

1. Introduction

Rapidly developing moist convection such as afternoon
thunderstorms could bring sudden heavy rainfall and lead to
disasters like river overflow and flood. It has been shown that
the predictability of moist convection is limited in a few hours
since the error grows quickly upscale through the process of
moist convection. Recently, some studies have indicated the
impact of topography on predictability. Bachmann et al. (2019,
2020) indicated that orography can increase the accuracy of
precipitation prediction from the perspective of practical
predictability [1, 2]. However, there are still some questions
that haven’t well investigated. For example, for rapidly
developing convections that usually develop over mountain
areas, like afternoon thunderstorms, how the topography
impact the development of convection and the initial error
growth? And also, if topography impacts predictability, will
this characteristic help us have a better forecast for afternoon
thunderstorms or not? While many studies have investigated
the error growth and predictability related to moist convection,
literature focus on the impact of topography is still limited.
Understanding the effects of topography on the predictability
of moist convection is essential to provide more reliable day-
to-day weather predictions over the mountain areas. From the
perspective of intrinsic and practical predictability, this study
aims to focus on the simulation of afternoon thunderstorms
and address the above questions.

2. Methodology

To investigate the impact of topography on the
predictability of moist convection, identical twin experiments
are conducted with Advanced Research Weather Research
and Forecasting (WRF) model version 4.1.2. A real-sounding
data from Shionomisaki (7#Iff) at 0900 JST on 19th August
2018 is used to initialize the simulation. The sounding is
chosen to approximate the situation that of the moist
convection derive by the heating of the sun, like afternoon
thunderstorms, which is occurred on this day at Shionomisaki.
The simulation is initialized by adding white noise with an
amplitude of 0.01K on the potential temperature field below 2

Tetsuya Takemi (FUHD K = B S BF 98 AT)

km to the homogeneous initial condition gotten from the
sounding. Full physic is used including the WSM6 scheme for
microphysics, RRTMG scheme for long wave and short wave
radiation, Mellor—Yamada—Janjic scheme for the planetary
boundary layer model. The domain size is set to 300 kmx300
kmx25 km with 50 vertical levels and 1-km horizontal grid
spacing. The longitude and latitude are set to 135.76°E and
33.35°N which is the location of Shionomisaki station. The
Coriolis force is set to 7.9958 x 10™> according to the
latitude, and the land use is set to Wooden Wetland.

The control simulation of identical twin experiments is
started from 0000 JST 22th June 2018. The first day of
simulation is seen as spin-up time. The perturbed simulation
is conducted by adding small differences to the water vapor
mixing ratio (q,,) at 0600 JST on 23rd June. The difference is
added at every grid with random numbers from a Gaussian
distribution whose standard deviation is 0.01 g/Kg.
Experiments with and without topography are conducted with
the same model setting but only different topography. In the
experiment with topography, a Gaussian shape mountain with
993.1268-m height and 25-km width is added to the southwest
of domain (gray dashed contour in Fig. 1b).

To estimate the difference growth rate, the difference total
energy (DTE), which defined as

DTE = %(u’z +v'% + ;—’:T'Z),

is computed. ', v'?, and T2 is the difference of model U
wind, V wind, and temperature, respectively. C,, and T, is
the heat capacity and reference temperature (287 K). The DTE
is computed in 3-D dimensional spaced and then took mass-
weighted average in the vertical direction [3].

3. Results

Results of the vertical weighted average DTE show that
the pattern of higher difference growth area highly matched
the distribution of the moist convection for both experiments
with and without topography (Fig. 1). This confirms the
previous studies’ results; the initial error could grow through
the moist convective process quickly. The results of the
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temperature lapse rate show that there is higher instability over
the mountain since early morning in the control simulation
with topography. This leads to the early development of
conventions and then results in the earlier DTE growth over
the mountain area. On the other hand, the DTE area mean over
the mountain area decreased in the afternoon, which indicates
that the existence of the topography decreases the non-
linearity over the area if there is no convection developing (Fig.
2). The results of the root mean square difference (RMSD) of
q,, show similar results to DTE. It is also clear to see that the
RMSD of q, starts to grow quickly since the convection
starts to develop. In contrast, the RMSD over the area far away
from the mountain grows more slowly since little convection
developing over there.

The spectra analysis of the DTE shows that the growth
of difference is similar between two experiments in the early
stage of the integration, but start to become very different since
1000 JST due to the convections start to develop over the
mountain in the experiment with topography. The time series
of DTE spectra between 0900 JST and 1200 JST shows that
the difference of experiment with topography grows to a larger
scale faster. On the other hand, the growth of the difference of
experiment without topography shows a clear characteristic
scale of a single convection cell. The result of precipitation
shows that the pattern of accumulated rainfall between two
simulations of the experiment with topography is more similar.
The spatial correlation coefficient (SCC) of rainfall between
control and perturbed simulation of the experiment with
topography is higher during the whole simulation time.

ZE IR
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Figure 1. The vertical weighted average DTE (shaded) of
experiments (a) without topography and (b) with topography.
The black contours indicate the 30-dBZ composite reflectivity
of the control simulation. The dashed-line and dotted-line
boxes in (b) show the range of area mean computed for Fig. 2.
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Figure 2. Time series of domain mean (solid line) and area
mean (dashed and dotted line represents for Mon and Fla area
shown in Fig. 1, respectively) of the vertical weighted average
DTE. The blue and orange color indicates the results of
experiment without and with topography, respectively.
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Figure 3. The SCC between rainfall accumulated for 1 to 10 h

from 0900 JST of control simulation and perturbed simulation.

The blue and orange color indicates the results of experiment

without and with topography, respectively.
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v PEENL L EKE, xt FHFES D FE K&
xmean: HVFEIEKE, o [FEKEDIEEGE

y=

THHEN L, W1, W2, E2DW\WF o= 7 ¢
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TR LK E H726 L2, EICRD &, kb
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FETHD,
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[E2 =V 7] WEHEORERSIE, Fujinami et
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ENICAZEST LAY, £ 1 BERREEIC
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AWz, SST BTN 701, £ % SST
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Talb—=2avIIDoWT, 9 X NRN=DT Y

VT IVEREITH T,

3. BREER
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EHOKILITERET 2R MDD EE & B
HRUEAH T OREDBFIHD SST A HEHHY
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HRTOFICHEZ RIS EBBEE LT,
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SlERACIRBADEL 4D ETHRHATE
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G2

D2 D2DBIKITDONT, SST 2Rl 4 ICER DR
EERZITV., FIRORBREXF L1, £7-.
AMOBED STz SST 12X B2 RKRDSHE
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TlE, BEREDORBEOEMN LV EEL LR
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AL, SOLAICREXLI-HDTH %,

(Citation: Takahashi, H. G., and T. Yamazaki,

2020: Impact of sea surface temperature
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near Japan on the extra-tropical cyclone

induced heavy snowfall in Tokyo by a

regional atmospheric model. SOLA, 16, 206 —

211, doi:10.2151/s0la.2020-035.)
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[ K B oy A M X9 3 B — 1l 30 4F 7 A S I H B —
5

P EE

KRS« A=A - IR - B R

- PERFDA
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1. [ZCs®IC

LRI LT WS E LT, KRR TRl %
KEDERRKE NI ENETF b, — 5T, Katoetal.
2003 Tl AMBEAK R CThe <, KEREOSHEAEE b
FHIOHFBUCIBNT, HETH D LML TV D[

Wk 3045 7 AR TIL 2018 4E7 H 5 Hb 7 HIC
2 TV B AR IR P CRegk e SRS 3 A2 LTz,
D& X HARIIFAVATLREIL, B LT
A LRSI OB L0, TSP E TE<
Lo TV Z &3> TV B[2).

AWFZETIE, B R 2 L—3 3 &2V TER 30
7 AZNOFHIFEL, K ORISR R OFERHT.
FE A R LB SE DR AT, k&L
FeK DI AR DL AT T £z, KSR B
B EEAIBICREBE) L T < Hildfe CRARK RO E
AL Z S T2 FTREMEIC OWTE 2 5728, KA
Bl 5 COKKRREDEILIT AN TELET 5.

2. WARFE

FHOFBER (CNTL), K OBYEEHIIEMGT
7/ CReSS Z i L7z, /KTEAHMEEIT 2 km, SHiEE%L
1% 65 THD. FHEMEAZ M LIRS, FHEIIFIE 2018
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7. KEKOYHUE - BEFYEIZEKEIT MSM GPV %
7. 5~7 HOBKENEHCE ) -T-Z L, UEE
e LEEA (M1 ORETREND) 2t
& U TR & koA 2 i~

BREETHRIT, 2T TRBMERARNT A I CRETRE I D 5
BOER & 2 H ek (X 1 Ok TREND) ZHEE
L, ZOEBROYIHNE - FESEOHEXHRE 2, $hE4A
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TEIEI 10%) S H 7.

7o, REPBEIT DO EORELEZ DT
(2, BITIRRIENTIC X 0 R SN RBEOEIR & 72 D
AEE) O DU EF HGESI S DR O— 2 &Y (X 1 O
BROREND), BB ETORRKE, KEKIREAL
DENE L 2 FEBR T LR~ T, BB EOfEIE, &
ROzl & L7z 20 X 20 B - O #EHH T4 L7 fili %

FAN-.

3. HR-EBE

CNTL 1%, FEKEDAE, K ORI ORI
DRESZETLEE 1 km A v 2 fifhrT e L bk
L7-RER (M%), 4 B 15UTC 725 5 H 15UTC @ 24
REIC BV CI I E BN FHB CE TN D EE X,
JRPE IR & oA FELOMIMTITO Z & & L.
JRPESEER D 24 R FE K B DK 04T &2 CNTL &
5 & (K2), T-10 CIIPUERFHE O Lo
B K BB IS LTz, 2o RS, B
DRER EZID SHT5E, TR OB K &I 38
DFHLnH Z RSN, £/, L10 TiX T-10
EIRERIZ, CNTL & He_CIERTHER DMK RS KX
<P L=, —J5T, M-10 Tlik CNTL &{El7=F&k
BEOSAERLTEY, BKEOBHEREIR N
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STHETHL EBEZDND.

eV T, KILBE) L T < 2IRfE TOREREDOE
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CNTL O & bz LT L-10 - T-10 DfiElE, BREEOED
HHRED Y ETEINEW (%3). —J7, M-10 Tl
HEOIRDIT CNTL L W/NSWVMEEZ /R LTV D23, R
DOIFFCENKE L 72D CNTL L RISOEICEE LT
Wz BRI ECOKEBKIRA TLOSRE AT % ik 35
&, T-10 « L-10 TIX FBoAARREI D72\ WIS 215
ST F FMEFMTICKHA A L T2 (K1),
M-10 Ti% 4 H 13UTC EM ARG E ML, B
OO VITIFTHEE TR 7-EEE L > TV (K 4).
M-10 TIXCNTL & [FARIZREBE DI H Tty & H A7
—7J7, L-10 + T-10 ClXZ DR RO KFFED I B2 7
STz Lo, AEIOFEBRIZBWCR Hiloh)E
KK WD) SHT- TR TRIKEOWRD BE L A L
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[1] Kato, T., M. Yoshizaki, K. Bessho, T. Inoue, Y. Sato,
and X-BAIU-01 observation group, 2003: Reason
for the failure of the simulation of heavy rainfall
during X-BAIU-01 — Importance of a vertical profile
of water vapor for numerical simulations —. J. Meteor.
Soc. Japan, 81, 993-1013.

[2] K&JT, 2018, PRk 3047 AZE) KOVT HHA)
AR DRCERA 72 il O & BRIZ DU T
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[1] Ono, K., M. Kunii, and Y. Honda, 2020, Quart. J. Roy. Meteor.
Soc. (accepted).

2 %5, 2019: i TR - U 66 5, ST TR
115, 90-95.

[3] #H IE5 2016: e TR - il 62 75, <SIT Y
i, 52-57.

[4] Yamaguchi, M., R. Sakai, M. Kyoda, T. Komori, and T.
Kadowaki, 2009, Mon. Wea. Rev,, 137, 2592-2604.
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92i(x) = —aqv,(x),

U7 qv,, qvs; &K TRTOERSGH, BES
THY, g; ITEEFREBIZ, g9 IZBDKAES
IS 2 HFITH S, INoVA IZBWTIE,

1
3

> (yo-H
+ Jasi(x0) + Jqv(Xo0) (5)

DA TEEL 2. 72720, x§ IEELEYICE 2
B—HEEE, yo 3R n OBIIETH D, H, 1 LHH
FeE % & ATZBIIEE T, B & RIZZNZENE RIHE
EBWFEA DL EATH, Jag BT VXN T 4 VX —
PIHEALD 7= D DGGHIR AR F T 1 THT, Jgy 1

Jav(x0) = A Z (max{0, g1i(x0), g2i(x0)})*,
TEHRINBNAEARFTIVTATHTH B, FHEE DA
HRI 2L TV B A, RlEBERERE 2@ L o
BRI HHDOHER L, NT v AD & N fiithrE
WMERIND Z B/ TE S,

FEEZIE, INoVA TlE, 1227 ) A2 MERERAX
T2 72O FHTREE (5) IFE T OEHESMAVMBET
H5. £, sMEBERTHEONREEE T T X —
ETINIH EMCER, BRI DOKELSEBTE LN
SHMHEMRINT WS, A XD v BT
SNTWVWED, HIZHHAEAKIEAD L RS> T WS,

4 EERIER

BAIFIHIRI DRI R %2 MR T 572012, K 30 £ 7
HZWDHE -7- 2018 4£ 8 A 28 HD 12UTC % X
RN & UTHREOLIRERE /TR -7, AN TIE,
HERD INoVA 12 & 558k % Ctrl, @ELFIHIK % &
A U7z JNoVA 12 & 35k % Tests & X, Tests 12
BOWTEANIA=ZNDEE2E,PDZ7-D, N =

,Ij(ﬁb

J(x0) = =(x9 — xg)TB_l(xo - xg)

+ n(x0))"R™(y§ — Hy(x0))

N =

(6)
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X2 1%, RKdoNFHEE S HFEL 7 TFHIZE T
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7meEZONS.
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J&. a) Ctrl, b) L200. 7ZRERIFSEFIRAR.

X 3 Dnij 1 KK ED A S, Ctrl 12X 1200
TSN 2 H B EEKROBHEERE ELTWS
ZEDRSMB. L2002 B \WTIE, #IHIEZITIE Ctrl

DB REFLELLTVWBHDD, EiEH» 5D NE
EHE M IEATIR DT AIZ & D FT=2 7 & X RIGEAEME
fEU, M3 icRoNnd &> RBEAKEZERL Tz,
Ctrl TlX@EAIFREEIE —HIZFRBICE SR S
TUESA, L200 TIHBAHOEMOAIEHRN L 0 E
BRIZPHRET VLD S 728, BKOMEIZET S
BEMERm ELEEEZONS.

)
o s
— —

B 3: B 1 5

T
b3

FEKE. a) TR, b) Ctrl, ¢) L200.

WFARTHI DT A & B 5B 2GS <R,
4IRS NB & 51T, L200 TIRSKIRIEAZD T (me)
MWD L TW5B Z DRSO STz,

a )@ o me=0.18, sﬂ:O.?BF )§ o me=0.12, sd=0.77
‘ me=0.27, sd=0.84 ‘ me=0.20, sd=0.85
g g
H H
8 8
: * " Rosidual of T (0-A) KI ! i * " Rosidual of T (0-A) KI
X 4: KIEFEE (0-A) D A N2 T 4 a) Ctrl, b)

Test. 123-136°E, 30-37°N FEB AN QBN 3 2 £
(H) & (Ctrl TEMFIRELLDE->TWVWD) 126~
131°E, 32-35°N eI OB 2 &5 () .

5 &

Slal, BN T A—=XfE (A =1,10,---,10000)
ZROMBAIRHRI O R 2 IO LLIRER CTHRAE L 7-.
ZTORER, BEXUZ LS EHAREN I S, T
WO BT B EKOFIAEOM LR TE. £
72, A DEIEP R VIR VHIPFETEITH S Z L H il
RTET2. 518I1%, VA 7 IVEITP R ZHEHFITDR
HOME IR, INoVA DA DY AT LIZE
FBRRIZDONVTHFTARTNE 2\,

6 HEF

ARFgEIx JSPS BRI JP19K23468, (=& A
RIHINE 71 2" 5 L hp200128 DR ZZ I CT\W\WH
F77, BUEFHGRFAFOBEA VBIETH Y AT LI
HOKEBRY AT L ZHAWE L.
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AT R DEBRIFHEIC X 2IEH Y AT — 2 [FEHL

EREE— GRRWTIERT . = @IE(PEpT SRR

1. ZU®IC

BHERATHRICB T I fHHIATHE T
v v I~y 7 44X (EnKF; Ensemble
Kalman Filter, Evensen 1994) Tl3. X D#:EF
T— AV P ETERS TRINIEBIEEEZITO,
DFERNT, BEDDBHT T ADHTH 5 & &K
THETE & —3 3 %, Kondo and Miyoshi (2019,
NPG) 37 v¥ v 7% 10240 267557 vV
VINT — R[ELEBRORERE B Z LT, K
RICB T2 ERHEZOMESMEFEL SHGEL
T2 ZOFER, K1 DX ICRE~AIIL L DK
FRTHYRGAATH 5D DD, Bt COWEFRIx
WFEP A =24 b Ty 7 MU TOMERNLEE
SRS 2 mIERR I DS IE A 7 2 A % Fe ik &
BB ERMER L, 2D X5 RIEH T A
DR NAEIK T lE. EnKE OETENKE L n b
fHA23H 52 L BB/ LTz, TDX 5 ICIERBHD
BT 2 X5 ABERTIR, BEMPIET T X L
70 TR A B L X 2, FHISHEEICR S & v
) BIERAED LIRS,

DX BIENY ZAGMmICHIGT 5 it Kt
7402 (PF) 6% <TH %, PF IZFHEAR D
INEWVERTCRTIIEHEI N TS 28, KKAET
LD X5 % RICHEME S Tl PF I BRI A 7%
Tvd v I KD EHET LR, G

Spatial distribution of non-Gaussianity

90° - Pty

.__::9:?..:3 f_k_’j “_g% = =

X1 »5F» 2 H 22 H 06 UTC ickiT 3
SPEEDY &5 4 Jg8H (~500 hPa) D&
IZDWT, FAESAMDIEH 7 AIEE % R,
BAEAK E VIR EIES 7 R AR, Z AR 13
500 hPa &%, Kondo and Miyoshi (2019) @ Fig.
4 Xy —HekZs,

HEROHIKI O WL S NTE 2, Lo LT,
Penny and Miyoshi (2016), Poterjoy (2016),
Potthast et al. (2018), Kotsuki and Miyoshi (2020)
DX IR N K FETENWERTRE L 7 % PF O
R EA TV B,

KIFFE T, {ERKDT v v TAT— 2 [FULT
EEPRLZIEDN Y AT — 2 AL FEEIRE L.
KA TFRICE T 57— 2 E{L DR E%
XzzZezHWET 5,

2. F&

AT TIE, RAE T AR mIERRIE i
W3 2IEH v 204 @YUz 2IEH T AT
— 2@ FEEZEET 2, K1 TRLAEZEED
SPEEDY Tli% O CHERREII T Y A5
iCH 3, BFEM L NICAM % Hvw7-8546 T3k
77 AMEDERCGER I 2 525, 2T IEA Y
AP NTEIH IS K FET 5. FEA Y AKX
WREI TR BESRE Y AT 2534 & KE L 72 EnKF
BEMTH Y, AT AED IR OGFEIBICRE L T
AV AT = 2EMLEEANT 2 HEREZL LN
%, AWgeiZ. 2o CUTOFIEEZERL 72,
O B ICTPIRT v 3y TADHHE D HIEA Y

Z M % KL divergence (KLD; Kullback and

Leibler 1951) TiHiis 2, KLD &4 v 245>

fTHiE 0. JEF Y ZAOMEBERFNITE

K&,

@ EnKF <UIZ[ElT 2, oMb 2H

WERFE 80,5, pngr!CIEA T2 W 5,

O-gbs, EnKF = O-gbs/(1 —a)

o403 &b L OBIHIRENMER T, ald

KLD /5 U0 1] X2 HkE v AT 25>

FITENIZE 0 IED X, FEH T ZPERR L

m5IE 1o (M2), BUEERAENKEZ
(b -0, BIIZR b D,
® L& EnKF D7 v ¥ v 7 A % H—HEEE
& LT, PF CHELCEME D 5> —ERLT 5,
Z DRRE DN 2 BRI 802, ppld AT
EHWS,
Uz)zbs, PF = O-gbs/a

@& FIRk, BIHREEAKE R, BHITE

bz,
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il z1E. » 2B OWTCKLD =0 Thivt, 58
BICH T ZAGHIHED . 2D E Za=0&7 ) PF
TR T i JEA Y A< 72 % & KLD
BRELRYD, ad K& b, aPlicgol
13 & EnKF O 23/hN& (. 72 PF ORIR2K
% <{7%, EnKF i PF ZflALHETWE720
NA T Yy FEMETFE & RS,

FIEO2 D & % E17d 55413, EnKF v 27
LuEEZB T i, FBHOBHREZIEN Y
ADAAEEICIC L CEINICIR S 2 2 0H TX
W, ARFZE Tl 2 O Tk % B IR 22 R Tk
ML, S RIET Y AT — X AL FED 1
T 5,

MW T Y TR Y T v TR
X b KLD oFHfiixN#E<cdH % (Kondo and
Miyoshi 2019), Z D 7=®, X2 D KLDgoor 13, ¥
VI v TREREET 5729 100 O Y A
LA AR L 21T 5 & & TR 5, KLDgyp 13
SPEEDY % w27z 10240 X v —F — z[alfbHE
BROAER D> ORBIICkD 5, chick by, Aix
W7 vy e KLD I X 39EHR Y 2R
DHIERAREL Tn o 72,

3. EBREE

AW ik, % ekkA €7+ SPEEDY
(T30/L7, Molteni 2003) ICJGRT v ¥ v 7 A%
a7 4% (LETKF; Hunt et al. 2007)
%A L 72 SPEEDY-LETKF & 25 4 (Miyoshi
2005) Z_R—2E LCHEHT S, TvH v 7
X 80 &3 3, Bllizs A VY TR GRIEEl
WA TH(x) = x. BUNEEIZ U, V, T, Q, Ps)
CETAMTFED 2x2 11 Ho—BEEIH GER
TEEBER 7-H (x) = log (|x|). BHIZEEUT T, Q)
T 6 Rl Icit 3 2Bl AT Ly T2 —v
= v 58k OSSE #1772, EEIARIZ 142 » A

——— CNTL
——| TEST1
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Time[month]

X3 EFnr4EH (~925hPa) ICEBT % HPGE
DT RMSE RiR %], St CNTL, JRR 1T
TEST1. ¢l TEST2 Z/~3,

TH 5, CNTL FEEicliddE o LETKF %, TEST
1 EERTlEIA~A 7Y v FEfEFik%  TEST2 £k
TREMWENFRERRFEZZWZ ML C
w3,

4. WERLER

X33, EFL4EH (~500 hPa) k13
P JE D fiEHT RMSE 0% %]cHh %, TEST1,
TEST2 & HIcRE L CEEL, CNTL £ X b
WEtE LT\ b, RMSE oxf CNTL = 1
TEST1 < 8.9 %. TEST2 T 6.2%Tdh 5,

FOF VT A EZELL B0 EE %
fTo7-& 2 A, CNTL, TEST1, TEST2 CEH ks
FEiCKRZ BV I N o 72 (Mg, 2D
Tepb, X3RRI, JEREERIEE T % H
W3 BIHIZERIC B T BIEN T REE K E L
Y, IEHY AT = ZEALDEIRBEHDbILE T2
FrEZLND,

IS DFERIZ, hoBE KR EE T kD
WwHRThH o7,

5. ¥

A TIZ, FPHRT v H v I DIEH 7 2 ED
SREICIG U C PF ZREMICEAT S Z & T,
EnKF ¢4 70 v FRIOH LWIEH Y AT — &
Aty 27 L% EZRL 72, SPEEDY £ F L %{fi o
THAEE T, KRFERDP BT v v T
b E L CEIfEL., IFRIBBLANER %2 H v
TG E R FIE X D QIR EN /NS D
T L %R L7z, FRCEIBIHRE 2R Fikix, Bl
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fit] A Al
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BB 25 ET D L — X —HDOKGHNT
— 2RV SIS T VA RRGEE - BT D
72812, ULTIMATE (ULTra-slte for Measuring
Atmosphere of Tokyo metropolitan Environment) & #5
TOMIET L—L T — 7 ZREEE L T\ %, 2022 4
BEZHT S BT PRE STV 5 EarthCARE fi42
(Illingworth et al. 2015) D Hh_ERRFEIZ AT T/Na St
i (FEHSEEFEERE NICT) (27 A 4 - L—4
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2020),
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EarthCARE {2 Ol FARGED 72 OB S5
BB EROM, BIZEAICER STV 58017 —
% ZRHT 25, NICT (Z81) 5 A8 2 B kL
>t A #(355nm, 10ch), @AY MV RS A
Z(355nm), K77 —7 4 4(355nm), 2t—1L
YN Ry 7T —F4 K HG-Spider 94GHz K~
FT—l—H— T RTa Ty A7, 2IL(E
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Applications of Joint simulator for the ULTIMATE project
Woosub Roh'*, Masaki Satoh!, Yuichi Ohno?, and Tempei Hashino®
(*AORI, the University of Tokyo, 2NICT, *Kochi University of Technology)

1. Introduction

It is important to evaluate and improve the cloud
properties in global non-hydrostatic models like a
Nonhydrostatic 1Cosahedral Atmospheric Model
(NICAM, Satoh et al. 2014) using observation data.
One of the methods is a radiance-based evaluation
using satellite data and a satellite simulator (here
Joint simulator, Hashino et al. 2013), which avoids
making different settings of the microphysics
between retrieval algorithms and NICAM.

The satellite data with active sensors has a
limitation to observe the specific case of cloud and
precipitation systems. And it is needed to validate
satellite observations using in-situ observation.
There are intensive observation stations over the
Kanto region. The ULTIMATE (ULTra slte for
Measuring Atmosphere of Tokyo metropolitan
Environment) is proposed to verify and improve high
resolution numerical simulations based on these
observation data.

The previous presentation of Prof. Satoh is about
the general features of ULTIMATE project. In this
study, we introduce application and development of
Joint simulator to simulate radiances from in-situ
observations for ULTIMATE project.

2. In-situ observations

There are several observation instruments over the
Kanto region. For examples, the High Spectral
Resolution Lidar (HSRL, 355 nm), Doppler lidar,
and the Cloud Profiling Radar (CPR, 94 GHz) are
located in NICT. HSRL and Doppler lidar can
observe the aerosols and optically think clouds.

The Polarimetric radars are located in Haneda and
Narita airports with 5.3 GHz wavelength.

Polarimetric radar can observe the precipitation
hydrometeors and retrieve the hydrometeor
identification based on polarimetric variables.

The WInd profiler Network and Data Acquisition
System (WINDAS) data is available in
Kawaguchiko, Mito, and Kumagaya. WINDAS can
observe 3D wind fields.

3. Applications of Joint simulator

Joint simulator is developed for The EarthCARE
satellite, which have CPR and HSRL. The
EarthCARE Active Sensor Simulator (EASE,
Okamoto et al. 2007, 2008; Nishizawa et al. 2008) in
Joint simulator can simulate signals of CPR and
HSRL in NICT.

Recently, POLArimetric Radar Retrieval and
Instrument Simulator (POLARRIS, Matsui et. al.

2019) was implemented in Joint simulator.

The POLARRIS can simulate differential
reflectivity (Zdr), specific differential phase shift
(Kgp), co-polar cross-correlation coefficient (pny),
and Doppler velocity of a polarimetric radar using
Mueller scattering matrix.

We used the stretched version of NICAM for test
data of Joint simulator. We selected three cases for
September 2019. Figure 1 shows the horizontal
distribution of precipitation in one of the cases on 22
UTC 15" September 2019 by NICAM. The figure 2
shows examples of the simulated signals of
polarimetric radar in Narita airport at 2.25 km
altitude. For examples, Figure 2b implies the shape
of raindrop, Z4- increases with a size of raindrop. The
Kgp is proportional to a size of raindrop and a number
concentration of hydrometeors.

We will introduce results of Joint simulator for
ULIMTATE project. And We will discuss with issues
of simulations of in-situ observations.
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Figure 1. Horizontal distrubtions of precpitaion of NICAM on 22 UTC 15% Sep. 2019. The black box is the domain of

Fig. 2.
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Figure 2. The simulated radar refeltivities (a), Za: (b), Kgp (¢), and Doppler velocities (d) of NICAM at 2.25 km atlitude
in the polarimetric rdar in Narita using POLARRIS of Joint simulator on 22UTC 15% Sep. 2019.
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1. [FXL®IZ

FEREICE LI BRI TER TH
D, NFAETBICKRE 0B 2 5.2 5. £ KUEEENZ
UNERITE OBELIEINT 5 Z LB RIATFNTVWD 722
E'(Rompsetal. 2014), TR 22972 BA R <,
FIZBUANC X > THEIZEET 280 ED T 5.
—J7, BIROKEFATB O TEEREE Z R 72 LT
HEAEET M L HEBRTIE, —H B4 (Mansell et
al. 2005; Hayashi 2006 72 &) ZFROCTIEE IOV TL
2. FO—OORKRNEERD Z LI -oTELS
R/ FE A N ChDH. £ 2T, FH LI FRE
THERED M D K 9 I ZEXET S 4172 SCALE (Nishizawa et al.
2015; Sato et al. 2015) ZEHE NP Z H L O ITHER L
(SCALE-LT), Z#UVE CHUHZERRIC L W78 a D TE
72 (Sato et al. 2019; Sato et al. 2020).

L L7 B EBIT — % & ooz vz v
[FULAFFE 2 6D D12 8 72 > CIEBRFEFHIA~DILIRD
HCH D, ZF 2 THERED(2020) Tk SCALE-LT #8135
BNHEBR L, & DRRREET > 72, AW TIIHSEERIC
JEBE U72 SCALE-LT MWW C, #BEOEHIZRSHRE L
TBIEREHOHFEZITY, BHESH L O EITH
Z & T, SCALE-LT DWGEEST -T2

2. ETILOYLE L EERERE

AR CHWZREETT VTE I A —% 2 &
%72 SCALE-LT (Sato et al. 2019)CTH YV, ZDOET /L%
BEFFNIHE L2 O THH(EHES 2020). ZOFE
AR MIEO/KWE SR OB & T WA
¥l UCHEAET S, KWE O EN 57 B 13 (Takahashi
1978) TR ST B KEM BN (b O LK
ZECERMTHENIEA) IS X, H O EKOMEZEIC L
> CHE U 2 M /rBfER L Takahashi (1978)D/V > 7 7 v
TT—=TMIFESNTCIRE D, BHIEMD 3 Koty
MEVRT Y AL 2L TRD, EOREkt
EH3 8 2 BUE Ewe (ABFZETIE 110 kKV/m IZERE) &R
Z % & (Fierro et al. 2013)D A F— A HASWTHIA
5.

EWIDPRE T NI T ILE— A 2327 1H(Seiki
and Nakajima 2014), &LEET /L1E MYNN(Nakanishi and

[(LIDEN)Z AWK EET
(R W 5EFT),

"L D fR GIE
1 A< B L (% B 28 77)

Niino 2006), fH == — KL MSTRN-X(Sekiguchi and
Nakajima 2008) % i\ 7=, BEHIET /WY ET V%
A, #Hg I 1 E S v 2 B —# T T /W (Kusaka et
al. 2001)% fu 7=,

S5l L= 303 1570k 29 AETUNALEREERE, 2:5FR%
30 4P HARSER, F8 808 3576k 30 4F 2 H odbifEE T
o5, 1~3 OFFNTENEN, B EHE CHII S
), SERNITBLI S b OOE OB IME) - T
B, EAE LB SN2 D> 1= F i L, SCALE-
LT 2 S 7= B O 2 B CE 2 RELTZ. ¥)
B - BRI MANL KPS Skm, REFIR0E
X3 HFRD) 2V, KM Tkm TF 13 I
DRFEEATR o T, ZNENOFEBFIOFFREE X 112
R

H B OBIHT— 4 1% LIDEN % f\ /-, SCALE-LT
DILEET /W(Fierro etal. 2013) XFHH S V= FEH 0 B ik
ERAASZ R, HERRIASD & YR 1y OFFH TR
BOPFFNEZ D KOG RAITH. ZOHETIE, E
FLEE - REHEE ORISR ORI A HBI 5 2 AT
72\, —J5, LIDEN (2 X 28U CIXERE - xHHiE

DA, B L OREORIEDHBNFHETH Y, TV

CTRHR SN iERE L, B SRR 2 D
FERET DI EILTERY. 22T, AT
Fierro etal. (2013)|Z 55D BRI L 2 iR 6T
% ¥yEEE: : Flash Origin Density (FOD)% €7 /LD H /)7
HEHFE L, LIDEN CHEUHI S -E5E & XEO AR
&g L7z,

(E) $1§J 1, (EPH%) #4012, (E) ${§J3 0):#3%
,\JZ URENG Y Wi o B R e e WA

1wt G & LTS 0GR & s

BELL] JRCFRAREE
F45 1 2017/7/5 00UTC ~ 7/6 00UTC %
F452  2018/7/6 00UTC ~ 7/7 03 UTC v
F453  2018/2/1200UTC~2/1303UTC ~ 72L
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3. HERLEM

[ 2 1% SCALE-LT TaIA S 7= 1, 2 O
2R TO FOD OZEM/3Ai &, LIDEN CELl S 7z[F
HMOEHETHD.

6] 1 CIHAHIPA CEMBI ST D (M2 45 1)
—J, FH 2 TITHEIFBIH SN TND S ODOZEDOHE
EEFEH LIS (K2 A TF). 7 A TEEAE S
“HEHE (FOD) %% &, F6 1 L0 5] 2 O
DYVNEUN &S BRI S 7 BB ORI S
TWD. E7HH] 3 TIEEI, 7 v E BICETE
STV FERIFIFEER). ZNHofERED,
SCALE-LT [ 3541 1, 2, 3 OREHL L 7= E M ORI 72
Btk (1 O—FLDF) ZHBTETCND I L AR
LT3,

L L7223 s, F 1 Tid SCALE-LT CritE &7
FBOE—7 OENEICTNTWD & EBIZ, ENA
FPAICFHR ST D. F 72345 2 Tik SCALE-LT T
R S 72 FOD DZE[E /2 — 3B O B SERE %2
PRE = LSEHBLL TS0, RSB R A
MThHDH. ZORRKNERDTZD, FH1, 2 PG5 TEIH
SINTEOLE L SHEH LTV IMANHM(FBAS 5,
2019)DED; & g LTz,

JMANHM & SCALE-LT OZEOB &5 L, &=
fl 1 TiX IMANHM OFERIZEE, EOMMRIRA IS
P, R LHEPRIC AN > TV, £, 32 T
1% SCALE-LT X IMANHM Ofit 5 X 5 E DA A5
LS HHRL W00, IMANHM OfE I HA~E
TEHEEREL, BODKHRSIL > TWND Z ERH LN
7pofe. ZOMERITEOFE LB & DiEW & RIERD
fEATH Y, SCALE-LT 2FHH L7=ZEOL 1B & 7
2o TWZ/elZ, EOGE LB E B 55 R ->
T2 EARIE N

20170705, rey=5 [km]

20170705, LIDEN

32¢Nl

%
T29°E T30°€ T31°E

20180706, rey=5 [km]
37°N, i : F U
'3

133°F 134°E 135°E 136°E 137°E 138°E 05 133 134°E 135°E 136°E 137°E 138°E 05

X1 RS THEE L (B FOD 8L
F) B SNT-EREOKES . b, FIEFEnE

B 1, 2 ORERZRT.

SEHE
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L iF22

AWFGEI IR HAZC(17K05659), HAEB(20H04196),
JEHEE RS o 2 — kiR P ERER R~
77 DR, TR AR E RS TR 5
(ERE RS TR 2 —), =ZEMHBhR 4
(BARBFEIRD) O3RZZ T TUTONTWET. £
ToARRIZES, SCRRE TEE] BRCRAHImE 7 =
Z 5 TS - WERICE T D FIRHRORT 3 7 VR
5 RRBEETH) O—BRELTE/MLIZBOT, —
HEA—N—a v a—4 [EiE O&JRRItES
o, FELE L.
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KT UVANR—=RAT A DG RBEERR ELZEMEMRENT X DR E LR
w0 — &, SIS (R RK S K BB R R

1. L ®IC

Vv FRESLEBEROT 7 b7 w — (T
S EEEICIE, MEHE B THATE R
WL R B km ~ 2 kmoo R AE 23 BL
BENDBY., FTUAR—RAT A B D
WIXBER REFERLTWD, TDOKA
B L TIT, #ILE Y « ~NJLAKRILVY RE
EThHDLETHMAENDNS D —F., EF O
BEET VKD 2]TIE., hiE> 7 O
HETHMNALERBICHEE AL ALY
— T AT—RT)ALETHDH I LB RE
INTWVWsd, LarL, ALEMEROE &
MMM, R TV AR—RAT A4 UREAERKO
RENREAGZEEL CEBERAOEEL S
LR EMMRN 21T o 25134 72 0,
A Cix, EffE €5 L SCALE-RM O
HAERICLYVEEROT 7 b7 o —fEE T
DRKTUVAR—RAT A U EFI L, BN X
AT 21T > 7-, BT, VA THUN
b & SEHELEEARY CRIELE MM
Fraeffn, REEREE—RFEFT AN
— AT A4 xRk LE,

2. ERBRETIER
2a) RBRETE

NEBEE O ELZ PR L CHARNREL
TRrRIUVAR=ZTA /BT LD,
J8 I BE RS & RO T2 S ek T i oo B R
HTCEROBMEEREZITW, TOT U N7
o—fE CHEMIICELD FT v AR—=2R
TA L OWNEMEE AR AT,

i L7757 VIXSCALE-RM®D N — T 3
5.2.1 TH 5, KT MR HEKT
2km., FfEIE T400mD 1R AT 4 7T
BEOEBGEREEIT oo, FHE & O
2 K0 R E IO OB B T 640km Y |
T-fEIK T320kmPY 5 & L, B JE O ER 2K
A EBICID D0 ) AT T A —
X EIx1074 st RELSERE L, £12,

2018-7H ~2020F7TH ORRIT DBL¥ET VA
SUTEBINS N T U ANR—=RAT 4 DNE
i L7209k B 2 FEH ML, BT LE
BTHoNnNT-HEEROMEEEMRIEL 2,

E BT, BATHFZE[2]) IR E EBRIC X - T
E—MHHEEEHORLE~D TGP RE
IN TV, RAFIE TIE R ER O R E 5B
WMz T, BN 24T > CTE O E &L &
B o7, BMEERTIE., BEDOEFELEE B
LR ZHET LI L CE—HHNMEAE
TERZRE L, BT W T, &
R BT D AL EA Oz R A BRI
KT, RETR, BEFHFHZ XL X —
sk EELBC,Z AWV TMST =¢/C, TE#E SN
Z Y i IR E 2k L T KR AT 2 4T o T2,

2b) REHER

BEEEEBR CEIEROT v 7o —HEKICEB

WTRTUAR—=RT A4 UPREHHBE LT,

ZAUDH O W T AL DA YR AL O En B A B S
Bl >THEY, BBEEEIZIBW THY AL
EThHoTz (K1) ., £72, NEOHE Y 71X
ERVFEEFEFITTHY, TNDHIET VA
SUTBRMEESNTH o, T OB IIRT
REECES>THIFIT v AR—=ZFT A4 U NAED
TWDZ xR L, EATHIEICEB T 5 WRF
D EBROFE R[22 BET D — . HEE
BAEMREL TCZEEZHELZHE[L]E TR
5,

BN RN ORI EEEBRICB W TIEK

FEEBIZL--TED FHTCOMBML LB TO
HHENRL O, ORI ZIX05K/FRETH
S>7 (Kle) , 20— 5T, E— ks AEE
MEBROBRWIZEEFEBRTIT N7 v ANN—X
TAVIEHEAR L, B EBRIIFREEROICITIE
— kR mARE o, TR RIX, &
— B EERNENORERREICEHEE
LTWDZ EaRL, BITHAEZEZNITK
FI 5,
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3. BERES BV (M2b), RTARLE AN 70 Bl 55 & & 1
3a) BWF & TEXLHIENTMBEIND, ZOWEIXT VA
NIV AN=ZRT A4 ORFNTHAAIZ VUTHRNS, RITMAEEEDET VERLE
ARbonlERFoLETT 227 HFEKX (LEEMNTHD, T UAR—ZT A4 DK
ML, KEFRMICEROEEEZF> KIFHELCT7OLETORTRLEZETHD L F
EE— RNOMEEZH 7, RDDNEHETH D,
ERBIZEFETVERIZHLE SV TEZ BEOKFRERICEL TEX, HLEDO T~
IkmOBEHEO AL ERBEZ L L IICEE AN—=AT A4 OFZEEGHT»OHE LT
Erm 7 A NE S 2 ERBIT ul s HEBEEERINI~-30kmO#EBENTIES S x|
Bl Lic, BEERHE YT OBEKNLE —HOLOFEFAIRERRKEEE—F (1~
F., EFAEROBIAEICHNEZT DAY 2km) EEALE, LAY — - XF— RO
TEUMOMEESBIZHEEL T, BRIZ BT, EMRIEE TR E DY
KAELK DG FIXEMEELRRLS . BRE LMENMOENTVWDMAIZ D, HEKT
MTHEHEHR Y ONRNER-O, BEBEHNAR kmEWVWIEHEEONT UV ANRN—2T 4 b3
HECHODLEMELLLHFEDETOA, ¥ PLEFBEDIRTEL TV DIHEEND D
NIWEBN*ZBICTERINZBEEFENIRES », TENRFMEISZOBRETH D,
BN2ICE S22 LT, BEBRENSLTE ‘
FILHE 2 5B MBENICERB L, g%ngw .
[1] KE, =J#, 1982, K&, 19(12), 1235-1241.

3b) RITHER [2] Trier et al., 2010, J. Atmos. Sci., 67(9), 2990-2999.
BONTEHREETE—FDOY LERKKETH [3] Durran and Klemp, 1982, J. Atmos. Sci.,
STOIX, hE VT LT RKFEEE 1~ 39(10), 2152-2158.
2km®D 7 — LR X JETH o 72 (K 2a), T O [4] Chapman and Proctor, 1980, J. Fluid Mech.,
B E T IR LERICREL T 101(4), 759-782.
(a) OLR (W/m?)
138 ‘ 250
%128 i 200
. 150
115 1
230 240 250 260 270 (a) (b)
x (km) 100 10 0o
= )0-0 05— o
. £l lle—= R e [
3 = %EEE §M‘Pw z“i Yo
1T— ro 1 = 1 S Y L s
— mp+va Y o —05 e 0
--- TB w07
0 5 10 15 -3 -2 -1 0 1 017 0 100 %0 o5 10 1s
Horizontal Distance (km) MST tendency (K hour1) 2/ k (km) y (km)
B 1 (a) BEYEFEBRICISITH OLR (V) & X 2 (a) KV OFIRR R E — FOpREE
(b,c) THWDShEWKE (M) (e-folding time D% %% [hour']) .
(b) a T/n L72ERiE Wi COEK & (mg/kg) & . (b) x HIANZ—Hhk, y DR 1.5km T % #
R B (R DED) ELognER (BD) LEANT R OB,
(c) a T/ LFIHiHI CACP T L 7= X 5E, RD z=+05km (KEOFEHR) THHEN LA
(TS MP I3 L, VA IZERER . TB BAG OWREFFIRN L E TH 5,

FEROF G 2T,
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EEMTOBCESILEOREICEAT IH -1
09 11 (B 2 B 9 T 5 K o7, 7 0%

TR R R ),
1. [FL&IZ
ST T IR 2 IR - R BURAE BRAHH B AR

HORBUIAHEFNEN K E <, EETHIRY Z OB
i 216D 2 W B3 & D (Stevens & Bony, 2013). JT4F, #4
HRKOBELEE & 70 S 2 i Ffir(Radiative-
Convective Equilibrium, RCE)DBRAR SRR 2 33 TR AT
Zxhi D B CAEA{b(Convective Self-Aggregation, CSA)
MEHR SN, BIEREICIIT 28 L7t E]
& OBHEIZIBW T H A i am STV D (e.g., Bony et
al., 2020; Holloway et al., 2017; Wing et al., 2019).

SEEMMGET V% F\ - RCE 25 <ATbi
TWDH, CSA FAEA T =K, BT RCE Loi—2A
DB A ) = R D, [ IARFFI TIH 2. CSA 137 A1
AL 23 D EME 2 % 7 JRFEIE(L > 200-300 km) (2350
TOHRIEET D Lty 3TV D (Bretherton et al., 2005;
Jeevanjee & Romps, 2013). —J7, CSA OFEIFFE A
FEAE HAZ HARAE L, ARAEEE(H > 2000 m)IZFBW\N T D
BFAET B LIS STV D (Becker et al., 2018; Muller
& Held, 2012, MH12). L2>L, B4 H < 2000 m)7e
RCE FBRIZF\NT, BiEZ I R E SRR
CSA WRAET DME D INIRIMTH 2.

AT, Bix 72 H & L & AW Rsi e 5l s:
BRC XY, CSA RAEDEE R S Z2ii~5. £z, CSA %
EAN =R D dEim T b,

____H1000L960-Da y20 (3) H1000L960-Day40 H2000L960-Day20 (b)

RS

ot (B AL REJEFT), = A 8 RO K %),
B 7 5 (B 1L 2 BF %8 )

2. ZEERETE

A BRI 1T R K € 7 /L SCALE-RM ver.
5.3.3(Nishizawa et al., 2015; Sato et al., 2015) Z =V 4V
7 LMD R U, BRI R ERI I
ARG AR Ue, BiEE 24 km & L,
TIEIFEEIZ 64 BTHEIL-. EtiEfEs LTl E—
A SN BB A X — I, Smagorinsky-Lilly 7
LA X — A, 7Ly BRI A% — 4, 8 JOVRHI
R A % — L A& V-, HgEmEHEAE IS 300 K IZ[EE L
72, (72338 E 13X FANIIZ Tompkins and Craig (1998),
Muller and Held (2012)Z#45E L TV 5. F65flll3 Yanase et
al. Q020) =M S A7)

VUEORRED S &, BEEME L % 96-960 km, #&%-1-1E H
% 4000500 m OFAFHTE 27— D RCE FFrx1T-
7. BORsEILSA £ D FEHT 40,50 HH7273%, HS00L960

IEEHRETRH L 13 BRTH S, iUl PRk

RBIZEE DT3RS, CSA FAEDHIEIZIT 0 Th 5.

3. #R

TP LIORTEY, MHI2 &[RRI, PefEikcidok
SR — TR R DSHERF S 4, CSA M%é LAz e
(H1000L96, H2000L96), 7=, & 2FEEIREIZIVNCTldmE
PR S CIIFEAE L 72 W MR EE CIIoK AR —727K
HRIGDIER S CSA 334E9 5 Z & (H1000L384,

RCE Regime Diagram

}} ‘! F &7 ‘ ° o .
7201 7 7201 5 . 720 |
L960 “480 ; . 480} &4 480
I b | 4
2401 iy : ‘ 240 : 240/ 800
:. . : &4 :
o o R | a[f&E ke
§ 340 ave. J20 960 % 240 480 750 960 %0 240 480 720 960 0 240 480 720 960 /N E
L]
33“: H1000L384-Da: y20 (c) 384 H1000L384-Day50 384 H2000L384-Day20 (d)384 H2000L384-Day50 50
& 600 4 <> regime boundary
288 288 o o °® -+ MH12 reference
v‘ € °
40 @ aggregated
L384 xlgz q 192 192 X X scattered
g 4 M, N -
96 k==~ %6 961 SN

‘l _‘?‘
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8

¢ 93 ~192_ 288 384
11000095 0oy~ _ (€) o

e
% 96 192 288 384
H1000L96-Day50
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00 96 192 288

96 H2000L96-Day20
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f) 4 1H2000L96-Day50

960, H2000L960-Day40 1000
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_ 72 72 200<
196 & ® " .
24 24
% 2a x(akx?mz S5 % 24 3( 72 9% %0 24 B T2 e % 2 s T2 e 0 OO 2000 4000
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1 6FBITIT D ABEAKEDKE . 20 H B &Ry B A 2 H-L 7 A—FZRICEHITS RCE L
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H2000L384) % i L7=. e\ C, EffEECThH->ThH
oy IRaE e HI1X CSA A3FAET % 2 & (H1000L.960) %
IR LT

I 2174180, MH12 &[RRI, CSA F84E DR
R SAYH2000 I CRIRICE L T2 Z L(LU— A8
S IL I & MHI2 OSHER) AR L=, i,
H2000 2 0 @i e TR 72 R S50 500 km 237
1535 2 (LY — LB DA TR A LT

CSA HEA I = AN LT, BHEFETRD 2 5
DI DI R STV 5 OBk ORIk
FIZ L DR T — D3RO, BSEKARSKE k- CSA
Iiilzh - (Jeevanjee & Romps, 2013); @uzIEE T D filckt
(2 &0 BRE S D TEBR RO, BEARE ARSI 1L -
CSA {220 (Muller & Bony, 2015).

T D OIFE A SIS, KK FEICEB T D KA
PR ER 3ITRT. T, WTHOERIZBNTD,
TR D M AT I A D ZE KR, D% W KRR IE B
P D b M E T (B0, BEHIOFHREN). £
7z, & ORI IEDZAVAET], D F ¥ KZSUR
WP B LS 22 72 LTS, SR Bz
P KRR D L STV D 2 L (FRIMZ B L,
QOEREZ ML TS, 228, ZIUIRFHE Y 155
ELTHRDZENTED. ZOOITHE D KRAESHE
I, BAEL U — A OFFNTIBNTIE, FERIRAAERIC &
A (B Z1F, H1000L96, H1000L384). — /7, EA LV —
LOFHFNZIBNTIE, OIS S KRES M E & I3RS,
VLRI OO W SR AT IS A O BALE IR S TFAE T D
(H1000L960 D7RFEM). Z ATz idains & ik
ERDNEE SN TS Z EGRRANZERL, @i
BAENBLTWS, 2B, ZUIHETREIDER & L
THLRAHAZ ENTES.

H1000L960-Day11-20 (3)4

4. ER

U EOREREME 2, Fexld, Q»O% LEZERE
CSARAET D, LW O GHEtrT 5. DF D, FHElk
ME2S/ NS E DD CSA HIfIEIRA HBE L CSA 13384
L7 2s, SEIER O ENE T L TRBLS DB
LONRTHBNENINT 5 Z & T, @D CSA [N
Higk L CSA 2WHRAET 5. HIFRHTOAEKZAZE LD
BEERAREEZRZ L TCWAZ LR EZ2D L, O, @
FNLFNDOHREAr— NI LA HENTE B EEZD
na. Bgmamicix, Oo@RIImneR 7 — k- T
21 5 728, Tompkins and Craig (1998)I24:5< &, %
DOHEE A r—T 2-5mis T o, —J5, QDINEHRE
I, FRERESE S EAN OB ERFANCES X, KEH
L& D LBIRLR G DAL D 72 ¥ (e.g., Wing & Cronin,
2016), #7100 km OZEHHBUZISNTHE m/s 1272 5. D
F Y, ZAUTHAY T 2 EERICHN T, @030% LFE
HTEINTED EEMRICHRETE 5.

Fio, BHREIORBELD, KHMBETOTEE
i B HIE ORI S @DHEE, £ L TR S
DR & U THRIRCTX 5.

HEF AWTEIEORAGAEY —F - T A
NMEED FTORRTH 5. EIBULFRFTET [ =
> B 2 — % (Project ID: hp170323), FARKZFZEEANT I H A
T4 TR =B IO R G 2 —D A
—RX—arta—XEFHA L
728, RE LRI HHEHIFHRITILL T D@ Y TH 5.
Yanase, T., Nishizawa, S., Miura, H., Takemi, T., & Tomita, H.
(2020). New critical length for the onset of self - aggregation
of moist convection. Geophys. Res. Lett., 47,¢2020GL088763.
doi:10.1029/2020GL088763.
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MHR/ELLES ET VA2 HWEZROMEE 72 5

By B S &

D LAk O i W

*THE®BAL I Pakak 2, habse — 2
(P AUHR R T K B TR A 2 A, 2 mUER K 52 Bl 98 F 22 ),

1. HMREOERELEMN

ITFESENIC L 2 KEDPHBEICHRESN D, £D—D
|2 2008 A P HVE) | COXKEER A BT b L2 7Y Z
EMRICEDRERSD L. 7V TR, 234 -

FETHHELEN LI O TR RZERO Z L TH Y,

NI EE RIET BN H 5. 7V 5z 5 &
L 2 IREELEE )Tk L, A - SR O RHTE
H[A]72 &, BRI FARRIZE R Z & T7En 2% <
RENTE ., SLICHE, L—F—TIEmomicL
DM C & 2O BRACRE R AT S HE S 2 X Tl AfgE b
B ENTETCWD. ZOBRMESERO HE &
FECR, (LA S[2)25BE%8 L7-#8 &4 LES(Large Eddy
Simulation) 7 /UZ X > THEWOD ] Th HEW L5H-
TR DFEERLEL T IBZEML D A J1 = X LA 57T
R0ODBH5. LinL, BEAUEZ 2 LB BT
PHEECHEELEDOARIT RN DE5y, ©F U BEAKRL
FLERIZD7RIN DT DFE LN A I = X LD 5T
PN 2). ZZ T, ERVEIE O L Z -
TN5EEBXD. Lo TRIFETIE, O TOE
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