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BLATEILF v B v — E 2D H IER 555 DAL 28 )s
D, RERLRERBENERL L TNBFERIZELZ L
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HEZETHEH D, ZFD0 ) L3 (F155%) (XFELARIGT
Ko TRE I REERGEVEGZ H - 2FIT
Ho7z.

LA &2 F6E S D AR EMIIER D V), HERELERT
DELZBFERTHL7rVE Y - NV ARV Y REEIZL 5
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Kudo et al 2015), k¥ A/N—2Z3 > F (LLIF, TVB)
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| <Sky condition> @: In cloud, x: Unknown |
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| <Sky condition> @: In cloud, x: Unknown |
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FENT 24T > 72, $REJE L, HFEH 5100 hPa F T82fE T
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@ # Kain-Fritsch (Kain 2004) Zflif L7z, 232,
ZE 40 P #2 1X WRFE Single-moment 6-class A & — 4
(Hong and Lim 2006), 37t #F2EiE Mellor-Yamada-
Janjic 2 % — 2 (Janjic 1994, Mesinger 1993), K4&ft
SRR IE E IS TRRTM A ¥ — 4 (Mlawer et al.
1997), #EiEHSTIE Dudhia A % — 2 (Dudhia 1989), #b
F1H @ 2 (X Noah Land-Surface Model (Tewari et al.
2004) % & TOFEBTH V.
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B10 & FEEZ) - FWTE OE S 7 (K11) 1, RED
WS 2H1 3 EFOEZTEMN LD EE 4km & 6 kmffix
T12 kt/1000 feAife & 5 <, WEMEDHBIZ % 5 L[
EEOSRE Y 7 IR HAIZ20 kt/1000 ft A2, 2O
SRIE Y 7 ORVEEINIE, ) F ¥ — Y 025K 0 T
VT ERIBLTWe, BRENFDH LEFTIE, FrEy -
ANV ARV WO L, FIUTRK T 2 NEREIINED
SREARIRHRE C, SIS DSELAUE & B L TV 2 TRE
TEATE .

5. &

5.1 TVBYREIZHIEATADER

YIalb—varofik, TVBOEKIZH > TiliE
LEER CETEMEOHRE Y 7HMED, 7Ly - A
VARV Y PERFE LR T WIRRIC R > T2 & 2%h
Motz RENHEZ R D L EFOSERIRE Y, 7
WE Y - NV LRI FOWRR & BLRATAE L Cniz &
Ron, ZHAHRED Y O TVB TREOEWELATA
B SNAZERODEDZ LIRS NS,

F72, TVBOZEENS EH~NHNEHEWEIMEET 5
PR TE, CONMENRIIRELG»S 7 ve
VNV ARVYEICE s TR b0z s
5. CONEBEIJWOIRIRIHESD FhERIE, REDSHN
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c Distance (km] D’

Potential K] = = = = = — = Total cloud mixing ratio 0.01 [g/kg]
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K11 REZFHSEIOHREMEIRK CEN - BRAL -
$AE> 7). (£:14:30JST, T :15:50 JST)

5 EFEICHRE o Tz, SEOKRIZEB A TH R
A, TVBHEDZED FIZHWNEEN RS mbE LD
& (Trier et al. 2010, Trier and Sharman 2016), W
HBE IR O SEARIEA TVB AL TOFRRRICE S LT
WAITREED R, LA L, B ES| & S 3 ELR O
HFEAT —Vid01~2km & &4 (Lane et al. 2012), iR
ZOWE LY /X Lane and Knievel (2005) 13,
Yalb—varTid, SEEEY 2 EEOMAK
FIRFE IR CARAFE L T B 2 &, B 1 km TIIH
A L 72 B QKRR A BRI L 72 2 L IOV TR
WL TWE, SHOKETIEIEHTE TRV T,
BLAME L7253 AT — VONBEEEIFIEL TV
LHREMIETdH Y, €528 TVB OREATORLAIT
DEHRO—>LEZ BNE. ZOFRTMDOIFERH =X
A, ERZFREOEE TOEAR (Kim et al
2018) &MTHBY, 4EIDTVBA KL M- 72RE
THR SN TV Z LDSBE L T 2RSS 5.

5.2 REOEHROKRA

SROFERTIZ, BREZHE)WIRENTTIVE Y - A
VARV AR L T2 s, REOBEEZ
BT AEHEORES VY Y - ANV LKV PETIE W
CEAHEM S NG, REMESHKRE GG, EHER
L7z NEBE TN & B $RER MR A IR E > Tz 2 &



NI E WO SRE R L) L IREOW E2 AR —F L T
el e, NHETESREOTEIZESE L TWw2 1T
BEMEDS % 2 b b. Trier and Sharman (2016) TIZ,
BEIPMEEZFFO TVBOEFI S 7V E ¥ - AL A
ANV ANLEIZEE L CW LRI L T 5. 4
DFEFD S II R ORFE F TIEEEL VAS, NEE DA
TNVE Y c ANVARVYBEIGERLTWD Z &b, M
Y5 EV) HTIE—HT 5.

6. f&&m

BEZMEITVBEZY I 2L —3 3 v THEHLELR
TVB % IS5 A 2 B TOMBERSL r IV E & -
NIV LRI WO, WESE KO SRE RS TVB
WZBIE T A ELRTE ORI TH 2 T REMEATRIE S /e, 2
NoE, REFHENDL EBE-720, HEICR-720T
LI, WREZME) TVBRZ O THEDRE
BLATICEB LT W L 2FHTLEEZ LN, F
7z, REOFRE, ZHEMETEETLZIVE Y - AL
LRIV EREFEORN TR L, 7V E Y - ANV AR
WV PATHER L 72 NERE Tk & OB AR S 7z Z
NOOMERIL, BREDPEAMOIBE L 25 2 L EAHT
LU DD B, SHIEHHREICE D TVBAH LT
Hottcw, FMREZHET LRI EEHLL T &
%z, Yy MRREOZOMOERTHRET 5 TVB
THEBEDRNTH 2 DD %FEDPO L LEN D D,

BEOBEDHEE lkm THIHTE /2w ) T &,

HEFHE T D EAHE AL UL, IRE D FETI T
THIEDPWRRICAE L. Lal, SRHOHER,rSE, R’
EAMED TVBIZB T 5 Bl A R IR B S O B 7
BMHEZHREST HZ LI TET, GLRRDO A=A LD
WCOBERII T LI E R v R ET o AL
ZHIUTREN S 2 EIJEO LB G KT 52 &
(Lane and Knievel 2005), 7 )LV E ¥ - NV ARV Y I
DWW & 228 %4 SLIT I T AR E3S mo Y I 2
L—3a Yy CHBAT&722% (Yoshimura et al. 2023)
Po, HRRRPIREDOTE A N Z AL EFHT 572012

X Bt moOMEETOY I 2L —3 g YALEEREA S

&!I

i

AL, [T & OLFEMR THEM L /2. PIREP
T2, AR OR T A THER L.
BEGOT—413, TERFRE)E—- M2y 2 v 7
¢t % — (CEReS) 0V Fhb) 857y FF—%
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Abstract :

Such turbulence that affects aircraft operations frequently occurs in and around the transverse bands (TVBs).
The occurrence rate of turbulence is significantly higher in the TVBs with wave-like patterns on cloud tops (WPC)
than without WPC. Using numerical simulations, we investigated the causes of the turbulence associated with
TVBs with WPC and the causes of the formation of WPC.

Using the Weather Research and Forecasting (WRF) Model, we conducted numerical simulations of the TVB
with WPC that occurred on December 23, 2015. The simulation suggests that the turbulence is caused by the
vertical wind in TVB clouds, the breaking of Kelvin-Helmholtz billows, and the vertical propagation of internal
gravity waves generated during the formation of TVBs. These are enhanced when WPC appears, explaining the
strong turbulence in TVBs with WPC. In addition, it has been suggested that WPC is related to internal gravity

waves caused by Kelvin-Helmholtz waves that occur near the cloud tops.
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