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ABSTRACT

The gravity waves induced by convective system could play a role in triggering
clear-air turbulence (CAT). This study attempted to establish the diagnostic procedure of
CAT accidents caused by convectively gravity waves. To recognize sufficient details of
the convectively gravity waves, an explicit cloud-scale model WISCDYMM with its
initial profile provided by meso-scale WRF model was utilized to reproduce weather
scenario. Two-dimensional spectral analysis was used to identify the characteristics of
gravity waves in this study. Furthermore, in order to quantify the CAT intensity, eddy
dissipation rate (EDR'?) was calculated based on WISCDYMM model outputs in the
cases simulation.

To explore this procedure, #wo CAT accidents were selected for case study. The

first one was CI-641 aceident, which happene
o

-

d-at 12 km over the northeast of Bangkok
airport in Thailand in the summer .of 200’8, £he other was_BR-2196 accident, which
happened at 10 km over the east coast of J é}éa—ln inthe spring of 2005.

The simulations indicated that convective systézms made gravity waves propagate
outward from convection center. In Case CI-641, the gravity wave propagated at a
height of 11 ~ 18 km, which was concurrent with the layer where aircraft cruised; in
Case BR-2196, the gravity wave propagated at a height of 4 ~ 8 km, about 2 km lower
than the layer where aircraft cruised. In terms of turbulence intensity, EDR'? showed
the pattern of the turbulence distribution caused by the propagation of gravity waves. In
Case CI-641, the largest EDR'” at aircraft patrolling layers was about 0.127, indicating
light level of turbulence. In Case BR-2196, the maximum of EDR'? was about 0.0035,
indicating no occurrence of turbulence. The results suggest that the gravity waves

induced by convective systems could be used to explain the cause of the CAT accident
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in Case CI-641. In contrast, BR-2196 accident may have no association with convective

systems.
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TARBERK GEER S e R B AMH o - HAGR  £L Ao e 2

[ A-kTE/E20km B & S dkmo #% P o NN R R 2 km o £ e %

BREFE S oo BRE L 3K A RRENERER - B RO F A4 HAP

oo B2-3 AAedEdo2 B o

R HIRE R AR ER (56x56x19.8km’) p oo A & NEN R E

TREOERSE > AR TS EAY OF 30 248 (R HIT L RaBRER T

AT R M4 L RS g A b o IR
10

ST

AR PR AR B o3



B LR Y b P B FUnahin g o BT A AR F N o
BEE R 2 SHEF IR ﬁi—a‘rﬂf; AR R AT o MR

AEWSFR B EER -

2.2 WRF

WRF (Weather Research and Forecasting) #ic;* i £ d 2 R RS g 77 7
(National Center for Atmospheric Research, NCAR) *# /|- © B/ F® (Mesoscale and
Microscale Meteorology division, MMM) # & & (a3 » i — B 5 s ~ Ligos
FOHCER A AL B Y N A T Pt 2 g_:,’gﬁz Ba T B AT NT 50
FABRREEES B LR G © 4 HHS ﬁﬁﬁ\%&ﬂpf FRE
L NIRRT TR R 184G ﬁ;é- (coupled model) i T VRERT o H

= |

P2 FwmF G WRF @ * —%}‘ *P?'"" hﬂp //Www Mmm ucat.edu/wrf/users/ e

ipfﬁﬁ?ﬁﬂwmhﬁZl}%ia%@ﬂﬁ%gﬁﬁﬁﬁﬁﬁﬂﬁﬁ;
NCEP FNL (Final) Operational Global ‘AnalysiSdata (F & 35it) o 277 7 W4 B % b

B RACHR B2 R S R G SR B R

2.3 NCEP FNL (Final) Operational Global Analysis data

NCEP FNL (Final) Operational Global Analysis data = NCEP ] {7 17 Global
Forecast System (GFS) #-3¢ rﬂﬁia?J PA & JE1999 EenT P B4R R IR B A 4T
FAL > 5 WRF o MMS % ¥ £en7 ¢ BB GE FHRE 3 4§ HBPEF * aie b
LB R EE

PHEBEAPEROEFETRL 6 KT FER G I x 1SR
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LF FHE 5 4 026 &4 E (1000 hPa to 10 hPa) » # %8 R & » 4% 2 sigma
Bk s e k2T 39 ARk FHhOFeTAGR

http://dss.ucar.edu/datasets/ds083.2 -
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Chapter 3 AL FTEFRRR

A& 3 %% Lane and Reeder (2001) sl #4457 2 » il ~ 479 2§ in B &
P FHREBRFAFHDNEE R R R REE S A e miE 4 A
2 t5 0 AL I RS AT 5 (eddy dissipation rate) 3B LR R 0 MLFRP S

FponzzREAG -

3.1 AL

3.1 A

BT R L b?ﬂmmgmw@% £ 4 AR
B e (wave group) 2 4 (a), zfv £, #¥e (R,7) L2 o (Brethoerton
1966) « wﬁm’ﬁsmiﬁﬁﬁ(mf:k%@%@Tlgﬁj’wmﬂa<$

=

-8 Tg:%s\'i—-s,ﬁ.ﬂimlk""ﬂ] ’.,ia“'t;f?é‘f’la Bon

[k

REARDELE it
%&aﬂ’w%%éﬁﬁﬁmﬁﬂgﬁ#%$i%&ﬁ%ﬁ@%%&’%“*F
IR L &  SCAE &= PO T

F ¥ (power spectrum) #1193 H TR R DELEER (w) 2 - BFZ G

At i keng & o

w(x,t) = Re{ IA(k, ) exp[i(loc—a)t)]da)dk} 3.1

k o

o CHEF o HER NS P B

TS TN S R R

A g E iR

13



kT e =i (phase speed, ¢) AT & 5 C
=2 (3.2)
. :

o kSO AT AR AL x e (A2 B ¥ k<O AT AP L f
G (F ) B ARG gyt 31)~(32) NP dkfox 0 T

R ik

312 pt ®
2.1.3 & ¢ 3P WISCDYMM &35 8 # 5e 4fds S s 55 i & > Tt e g & eh
;ﬁ\g;g»_l #ﬁ;% 7?4 ,ﬁ e 1 ‘J/,ﬁ’f 29 é'u;??fg@iﬁ.?d“}ﬁ::%* o gL vk » A= ;L‘ ArERE 2k

WA S Z PR R e & &4ﬁigﬁ@a#£&w¢ -

R (i) DRI G 0 AT fﬁ?&% L«Iﬁzﬁt B (notch filter) ™ g e

I $ m |}
2 e R S B ;}ae * | s‘ﬁButtefworth ﬁlrter 2% 2+ 2 ;Y (Butterworth,
1930) » #-#u oz ok T 4 N E R s iS km 3% 5 éf B HEF (cutoff frequency) »

*%ﬁmﬁ’ﬁ£&@ﬁ*%ﬁﬁ£&~ a e

mER (BEF) e o B A€ 4 L EATH % (dispersion relation) :

o' = (k> +1))N? [(k* +1* +m?) (3.3)

N? @ %4 #f % (Brunt-Vaisala frequency)

m . EE el e
d g 2R Al el o B R g & g S S MO L (M CL64L B R S B o
#Foe L) L 20x20x5km’ 2 I FEE G 0 ¢ R4 K AF R 14km
HN? 5 00066 s 0 Flptgee g S eiE 5 5 0.0017 s7) 0 AZHE A AT A 37 02

14



FiE B (D1TFER 45 A4 M F 5 00023 sT)o Fpt > AR R B AL E
(high-pass filter) i/,%l“,f e 2 A FFWE > R R * 10 Ff o0 Butterworth filter 2%
PR (33) Y o L B I FRBRES S ¥ Sl s

iR TS L R

313 ;J.ﬁ-r Y F‘g’/” %E—

AR AR (B 3-1 (a) 5 4 CL641 B & ensire jL3# & b)) 3 4e

1) H_WISCDYMM sy 1A 5l 1% iﬁng(w)i—aﬁﬂwj,&

1\

1% hE

e i ra gk 14km2 ii'»&’4&45/}“190”’\W’4307f/c
— 20 o] 3-1 (B) o gl /g
| o |
2) 2D 2% &6 FFT & 2+ 5 23 fg ﬁ E' Efé?-ﬂ*,)i ¥ (intermediate spectrum) e

3) TREAHEERA B ,‘f%‘”?#&ﬁv”#w %\' f'”*iﬁ X AT st o oL

- ﬁsg\?l‘/ﬁ"L ’f’»w J'ﬁ.»'b'}@p%/ﬁ»p‘y'ﬂb&\)ﬂﬂ‘ﬁ""f °

-V

32 P

P AERBETPORRRAFT FIATE DN BB R RE o KT
Ricz PRR BB (R ands i ki ®) fopd < dng B ok #o 40 102870
53 B (ASC 2006) » - B2 E7 4 % & FI B 4 g LA F pEoe TR R 8 F 4
N SRS - X e AL R Al o %J@a_‘sg_f%k (International Civil Aviation Organization,
ICAO) * & » #% K/ ij 4tid & (eddy dissipation rate, EDR) & % & gt insg & o

EDR 1% ~ § ¢ & )f §% (dissipation) & pinig &k » R § BB F M > frin
15



ZRAMEA] SRR MR T L - BEROPE S e AT RIERE R
# % ICAO Annex 3 #jiF% ¢ (ICAO 2007) > §1* EDR' % %' ins & ; EDR"

Hieam s o HfeEd ¥ 40040 1 2 > JUin2 s B A dgdod 3-1 977 -

3.2.1 Inertial sub-range

prom i &R ARE B E R A (chaotic) o AR frz B RIRNEHGRAE oA T
FHFERREERM DT RN o REHFI G RFEOPF R FPL AP R
RSk gy gL R engd e o @ gk 3 A3t (spectral statistics) ﬂ} - fAFr kit
= § ptonen™ 3¢ (Panofsky 1984) -

i% J5 Kolmogorov (1941) #d m#p i 1;1‘;5, (s1m11ar1ty hypothesis) » £ # & 7

BT L T BINA

?: :

(1) energy-containing sub-range " %’J e (turbulence kinetic energy, TKE)

T B o I - | f

(2) inertial sub-range » % 7% TK:E::% B Ae s, F 4R #E--’- A #-TKE &~ = BE# &3]/
TR

(3) dissipation sub-range > * f& % & ¢ > FHiE A F Rk 4 (viscosity) #- TKE & 4%
= P sc (internal energy) °
% inertial sub-range % & ¢ oiE R R E 2 A FH R FUERAGE S (2) fr

BrenZ B R (k) 3 M GERL 322 &)o A 1A ARGl B2 P

LA R R PR o B % W 5 #f) o i F & inertial sub-range hiF BN > F
Bt AT A1 * inertial sub-range 2o F K E L F 2 PR A
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322 i g

i in i) $ci# F  (eddy dissipation rate, EDR) #3515 ¢ > H H =5 m’s™ » % 11 i
%0 (TKE) i 47 5 o 1% Kolmogorov (1941) ep iz - § gbin
ehz B = R o inertial sub-range #* FIFF » § ik chsit :f,%:]@_if;a vl B - Sl kN
Foo WHEFRB TSR FT Y T o 2 BN K AT

E (x)=a&e k™" 3.4

E -2 RfEFEZ AEDR

%2@%#&’@%%ﬁﬁiﬁ?ﬂﬁiﬁiéi%@ﬁﬁqﬁﬁ*Eﬁﬁ

it

e !
o
BHFE (W) FI oy (

Bt S -

PR Al T e
Y]

K TE SR H i LB RR (- )

.
W) fE ‘i

323§ BiER

il*,x # 3K (frozen wave hypothesis; Taylor 1938) & ek - o3l » & hz B A

R F T T - BREYE TR e R T LR T A GART B ST
ﬁﬂﬁﬁ%ﬁ%%o#${ﬁ’ﬁ—ﬁ%%%M@ﬁ%@§’ﬁ?ﬁ&%

PR T B A G M T

=22

(3.5)
u

R I ST

[ ok iy



TR =) Y ]
FJb 0 AT L]F (35) 2 MR R R R E RS ERAT TS G e R

%E'j’%fﬁg’f‘l;ﬂ*’i& y 4 :T‘}[’{K o

324 FEpLITRRITAR
AET G PR B IR G A Ars g anpl i T B s B A - g
fppicing §enF R k- E EDR 3-8 indz s C1-641 B % 5 b (] 3-2) 3500 4r

1 JEﬂEL I||'i_.'.'irl'.‘f-

1) 41* WISCDYMM mﬁﬂ & % &_&%@,ﬂ@%ﬁ; 12.2 km (G®#uhd &) e

2) Al WISCDYMM. q}&

=,
Bk o Mk A T;J;*)t o
,gé:' EL;AJK o "'\-.;::'Il“ = X 7 b
OFe HEgEgene-

3) #E BRREDE frxo B r (34) o TF RF oL RFE DB 23T

w8 5| B &g (EDRYY) 2 @A o
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Chapter 4 & %313

41 CI-641 B %

2008 & 10 * 2 p » ¢ Fdng o 7 CI-641 5145 > $87] 5 B747-400 (4uz B A&

FAArd -1 RED PHFRFRICAET L FRFRIL LRI B 'y

165 4 o 3ZFTH3 S SRS E 2 H (100 2 P 05:58 UTC) & 2 @34

> (14.93° N, 102.523° E) % & 40000 ft = & @@ 25 25t > $FREET =

R AR 4-1 T e Bl R E R S AN G 35 40 4 B = AR 42

gty B R e A e B B4 0 & £ 3T (ASC 2009) -

i
(,A.SC 2009) #t: cik TR RL RS

== |
HEFH > CL641 Pl s 3% T 3555.‘UTC) 3 B 20 50 km Af A 2 0 3
-| ]

AU SRR ERE 2o Rt

BT %ﬁ‘ﬁ%ﬁﬁlg ﬁéﬁﬁéﬁmlw,wﬁﬁﬁ% be

/PG iR R C ﬁ_%éﬁhéfﬁd CAE AV A4 L ts (05:58 UTC) » % 438

mi

B AP o W 42 5 BREPIRL A L LR 20 iy B

20 % 30 km fw e

412 = F et
Fooh MBRP o F BEL 1003 hPa> 10 # 2 p 00:00 UTC ¥ w =¥ =3t 15.2° N,

H8I°E(Y M #RiTHEERHE T A) 3% WRIERT & 24> 95 1500 km -

R2TEHETFT FREZLPT B PFF 500hPa § 7 Bl ~ T Ep£7F 3

B AW I g X g TRFEBFIEFR 5 AR (0B 43 977) o



RHp PRI E (B 44 (@) 27 L2 F (B 44 (b)) Pk F e BT
FREEHNCAFTEY CZTRRERNEA0C rpHTRFEL > Ey B2
E B A A 40000 ft o

§ 2 B8 06:00 UTC chin] (72 §F 4F 240 iR B 32°C » B akif & 22°C
B 130 B > hi# 10ms' 5 i L2428 10km; -] & ;5 g2 2000 ft 3% 44 2 0 #n

Z 30000 ft > R Z =g > ABFIFR A F R o

413 HRTEHERSSE
® WRF #Hcit B8 20 i

WRF #c & 558 #o5p FF £ 2008 £ 10 ® 1np 12:00 UTC B4~ > & # NCEP
- PR 2 AATEY (T4 4R fi’*v;ﬁa\_—pﬁﬁ 270 §5 > &7 7 18 /] PR o H
PR RE L Z KB DA q& Hq) mﬁ*%fr}i .45 km> 94 x 71 1 4 BE
D2 & (¢ BR) hfdtr B 5415 km’ 199 x 124' IB ﬂ&ﬁ;%@ D3 & (%= &) hjz47
B i 5km> 139 x 133 % ﬂ*%é«&« ﬁ-%ﬁ%ﬁﬂ&rfi?] 4-5.# o d-F f347 R P 5 sigma

S 850 & > Z pcp T en g it 5 % WSM 6-class graupel scheme (Hong et al. 2004) »

»

## 2 %4 $ * Kain-Fritsch scheme (Kain and Fritsch 1990, 1993)> # 43k 232 4
4-3 -

Bl 4-6 (a) > WRF A4 12155 (10 * 2 p 00:00 UTC) #

Pt

T MBRFFEIINIIISNMZ 114°E 2 121°E» i3~ MR kstehz Bzl
Bl Rk G X 5 B (Bl 43 () A - 500hPa® 2% 7 B> & (B 4-6 (b))
B en5760E 4 =3 AREBEPDF X FRZE3 AR (B43(0b) ~RE &>

PR L WRE RN 0 IR B chE e R 2 b o
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® WISCDYMM d#cig -3¢ 30 (>
hrrin WRF SEH N EHEFBRE Y C BRBE P26 27 & H 2

2008 # 10 * 2 p 05:00 UTC =7 WRF #3 » % 1F WISCDYMM #-3¢ 67947 4

P10

B hEEERER A F RE S 2 26 4oF 4-7 #r7 > WISCDYMM $25¢ #2
BEPFRE_05:00 UTC B 4o A8 AP 5 245 » 3217 5400 ) cificht o b #1024

JERTEIE20km o B R G 4kmo Fe ¢ oo EANEN KK 2km e 2 2 B H

ek

2 3K-
B 4-7 87 % PF Tk ok A RSN (L BAE ROCGAPE (H75F * imit) 5 2133
Jkg"CIN ($timdrdl it ) L 0'Jkg"" &% 1km 7}4",}? i’a% LR L0 g5 19 gkg!
@ =8 (potential temperatur-e) 2w %ﬁ*r v fﬁ] BB R 7 + 15 km 3 R b FHEE
S Hoa A ER HEE B ,’;pﬂ:f;k *7”rn fa a\ﬂw;w“rs B 12~ 16 km
MIEFARL > B R BRL 20ms- |o i_ .5
2 WISCDYMM #2358 %2‘3489:11'; (05:'28Utl:“C) KPR Apforkdp ket B 8
2ZMEEAG (B4-8) HBPEEd 5 Qe+ qitq=0.05gkg' » * ¥ % T

SRR =R R R E T §

4\ 34
[l

 F ek z RS ERB AT I E
14.5km (= 47600 ft) » B % SRR 2§ TR A (5 %) w1 o b R TR
2 (ASC2009) T Bstin2 AP BRCHIR 58 HERAPRIZES AR
iF 40000 ft > F]p* WISCDYMM #- i crdtin 2 23 B B 8 AR W2 o

Bl 4-9 2B 4-8 chis 26 B (Y =28 km) > B¢ ch% B &£ g » §54 2K
AR LD RS W 49 (a) fo (b) 2 e 2 AL kA forkdpkt 8 £
0.05 gkg 12 % ok e 5 A E22 0.05gkg! 2 E EH P LR AR RPF T EA
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T AAGFUESE AR REE SRR o e R 1lkm it o
EORAG PR T HIR A LAY o NI LEERE P HIE AP
vt - - Al e SR B2 R F RN G 122km o & 2 EE
FAP B 2K o ¥ ARG FEROL R (X>28km i) 0 A F A 15 km L
2% R M IRATIRET G0 3T i B IR R fe T ik 2 4 TR g % o

INEA R 2 R A B4 5 AP AT - | §Emmp o

414 X F sk

& ¥R Bk

FAA PR EA P »ﬁ?p ,@-4 10) (a) fo (b) A u] 2 5 3000 £ 04 2
b
% 3600 452 X-Z 315 §_(Y =128 kin) r;; &;*:s % RS > (5 5 )

AFLE BEE R 49519 kn:1 B - %@'&v%ﬁ%k%& #0520 ms! 0 b
90 B o B 4-10 B% ¥in ?fu“rslﬁ‘;mi 4 ,;;ngf,,. P bR AT R A (L
Frw) B3 A 1l~18kmF P AEGEBRE > X2 A TR A AT R S
BRI MG o b R E B R 15km G oo b A2 Bk
€4 s B 6 0 Bl 4-11 (a) fo (b) A Bl& 7 F 3000 £ 12 % 5 3600
F)2Y-Z3 5 (X=28km) %R T LA A2 G o yeddpr TRE
AAP Y et e B d G B (monotonic) M H - A& S A
HRF 7 2 RBh H2 o h # 83T 0ms s FP iz F it ™ b A e 2 Mg o
Srb o BRISkm 2 G LB G e b AL FAk e

INE S h KT F 0 B 412 () 4o (b) AH & F 5 3000 FyrE R
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3600 -8 @ RH A 17km 2 -kT 5 o d p Hind o (X=28km,Y=28km)
FE PG A B AE AP ERERB R d N T R R B IR E Y 20

ms' AR FIR AT R ATR A AR EY o R B2 MG o

L &= O
Fo o E-WP T Cle4l BRES Rz FREL BRI &) &8
FAIF AFA S 2 R EHECL041 BRP chE 4 Lo
312 P T Re i R B g il AT 50 R R
V£

AR FELZ F o A i A H2U3E 4 4R 5 o 129 Fovell et al.
(1992) fr Lane et al. (2001) # 4@l F 4 j & FHH) > $hin s s p v Pogd K BT

PR AL 4k (1288)0 0 = kT i TR A LT R
AHEF o Bl 4-9 WP 3 CI-641. ;%.m{;-?i g f+_?‘s B 14km 2 jee> BiF4 4

4% 0.0066s" o Fpto E Q,}iﬁf%& E#ﬁﬁv .“mg'%\m/ﬁ.é& WEL > AP ik Cl-641

i % 9 WISCDYMM #C5¢ X »qr':* o 4 &;i;;u AEE > 2 R 20 km 2 A &

200017 8724 F (312 &) - Bl 4-13 % 5 WISCDYMM Ho5¢ 2 3 21 & &
R 1A km PR S 45 245 % 90 A 42 - ML o Bl 4-13 (a) 4o (b) A u 47
Frofeife 2 2T R EFAE . L0 REAH S RS THET AL 2 FX
BB a PN 10 EE EA Pt s B 4-13 & &7 KT 4p :F  (phase velocity, ¢) °

Fh o e kH (F4-13@) Bt o pla bkt #F IR ARE0T x 107

m! R £ G 9km)r 4 2 4 F 0.007 s (G 154 4o e kB A REF k=0

eed (k<0) ddd F Fss a7 i Ao 0 # & ajk & ot JHIn k2 o

i
e
45

Ly s e 3ok d 3t WISCDYMM B s 2 R %] 0 2 B A f3 T
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A E S STkme e s o lics 02 M 5 0,006 Aot =5k UL
Mr A EAQESTkm2 €4 A aFe A B £ R o

E ik (B 4-13(0) > 6ok A B F N AREL 02 HF L 0.006s"

e
]
=h

-\-»\

AR A ERBFEREARESTkm HE A R Ko EARENEE (R
4-11) o gt b > G b H P s - o A REFW1=0 2L 28 P+
H NI AR B 05 %107 m! GRE 9 13 km) o 122 455 0.007 s GEE K 15 A 48) o

Febo A LY 15 X100 mT H i BEREL Y WP T £ e A

ek

Mg E At 4km 2o LA o
S s CL64]l B4 ES ¢ 402 AR A Lgs o

3 4R S 38 4220.006 s 3 0.007087 2 ¥ ok i 'lét;‘-%'% K2 ¥4 4 F (0.006657):

AP a kB 3 & Fovell et al. (1992;;&% “Lane et al. (2001) #74% S12. & 4 & 4

F o Bl KA D e AR 9 ki 6 40 ms 5 e A £ A2 57 km

ik T AN 1

415 iR

Cl-64]1 B %2 E @4 pPFRA 45 05:58 UTC » s P #5icing B 5 122km o &
3 1" WISCDYMM 2 #5584 1 & 5 % 55 4 48 (05:55 UTC) 1% 60 4 46
(06:00 UTC) » 3+ & 41 % & 12.2km 2. EDR'? kT % /¥ 2 i B (] 4-14) -

Bl 4-14 357 hodng Bicins & ¢ o bt i A DR A X=18km» Y =27
km 2 =% >3 EDR' £ & % 0.127; 124 ICAO (2007) shA % (% 3-1) B % CI-641

B R gm0 ¥ o EDR 2k T A G B A ¢ 0 sl Sk

BE R PR E SRR (M 412) 2 - RELT R RFIE LS B HE

24



0 RS B TS F i

4.2 BR-2196 %

2005 & 3 7 28 p s £ &awt o 7 BR-2196 5T > #3]5 A330-203 (4 BA
AEA ek 44 B EF PRI RS S B A LR e FE S SR
UG 267 4 o gEITHEA T ? (09:03UTC) & =%+ % (34.15°N, 138.5°
E) 8% 7l e 5 jbin > JUindd FI2E gt PRy Benie g B 5 33932 ft

- ZFnts = A4k (08:06,UTC) E f;gggu e PlandE G 00 F) ot pEI AR
B R L 29680 ftr & fﬂa’;ﬁx}?i-&wﬁ 4e ] 4-15 77 :'»f‘j.#ié’zi% SEHH A

BG5S 40 R G 4. @ i B BAE A RGN

il
A e 3 404 ,ri’w |(ASC}2006)

SR | Bap (ASC 2006) spee ?mé«}‘ FRAERLE BT ed®

TR BR-2196 T 7F % 5 5% pF (09 01 UTC) Bf infge o by B F A

-

BRoBET R 2 o ms g d g i et BB R S 339321t (= 103
km)> 2ty BAFEF T 520 20680 ft (= 9km) £ A@Fpinc ik BIFREL -
FEEFZ AR R KH25000ft(=7.6km) kg R G Mo PP ERFRIIZA

Z_ [ R

-

i
1}-\(

4 A2 %24 2km E 4oB 4-16 P17 o

(ﬂn

TR F o BRTES EE AN BT 2 0 - F R

1

a5
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422 * F prit

B 4-17 (a) = (b) » % E_p * § % B (Japan Meteorological Agency, IMA) %
wen3 % 28 p 06:00 UTC 12 % 12:00 UTC ¥ & * % Bl » & 5% X § BlA&E 7+ 06:00
UTC 3 — MR & sLix > F o BT 2 ¢ o f B 5 1002 hPa> 4o 53 % & 1 998 hPa ;
06:00 UTC /&P < ix 8 234N, 137°E> 5 A Bd > L 4p MB?P owd
AW D AR Ao oh 24 JMA #1740 09:00 UTC B & 2 f2 45 F 3§ (H]
4-18) Hor 0 EMRY SFITH HINER 0 ZTEF R K 20000 & 30000 ft (= 6~9
km) °

12:00 UTC 2. 500 hPa.® % Bl (%@ 4-19):;--,§«.Eﬁ r’%rifﬁfﬂfi*? PABZR P
P RF 1300 hPa % % W] (B).4-20) % T - iﬁ'“ﬁ%’rﬂs - 1L ﬁ?ﬂ; Fope Bl oo 129 IMA
#1561 140° E 5 20 6 A7 B (R @1) S ia- FrE R B R 9 36000 ft (= 11

km) > £ < ki 4 70 ms™ | '1

423 AR REHEEE
® WRF #cid fic;8 3R i

WRF #cig #557¢ #it PF B £82005 & 3 7 28 p 00:00 UTC B4 > #* NCEP
- PR cR2IR AT HE (A de i 2 o AN 162 4) 0 177 12 ] PR o HE
FOEPRERX L Z S BHEDLE (B M) iRt A G 27 km»99 x 100 B 1 2E
D2 R (* B R) crf#47 /& 5 Okm- 7976 BB D3 K (= &) TfEir & 5
3km 73 x 70 et B 0 B0 4 BlAo B 4-22 41om o -E fR4T R R 5 sigma %
B35 K o 2P @ eang gt 5% WSM 3-class graupel scheme (Hong et al. 2004) »

f# 2 %¥ci & * Kain-Fritsch scheme (Kain and Fritsch 1990, 1993)> # 43k 3% 2 4
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4-6 ©

F14-23 5 WRF $5° D1 & 3 7 28 p 06:00 UTC 2 $ij 1 & 5 » ¥ &5 /4 <
BoF RN MAL 6 FERAFEFE U AR 2 o B 423 KT MR <
334N, 136°E 4 p b P gt il o> pb— MR X2 2R B e g
2ZJMA¥ & % 5B (Bl4-17 () ~RAp# -500hPa B 2% # B> 5 (B 4-24)
BEIWNRNEEP 2B RFRECHELS CFRFEBEPNIFIIAFRLEBZAEAR
(B 4-19) + A REL 5 F ¢ >300hPa B 5 B (B 4-25 A7 > 850 ke stfin
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Figure 1-16. Aviation turbulence classifications. This figure is a pictorial summary of
the turbulence-producing phenomena that may occurin each turbulence classification.
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NECP Final Analysis Data
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gheev Condensationy Evaporation of vapor tor from wet hail
ghens Autoconversion of snow o hail

qhdpv Vapor deposition to hail

ghmir Melting of hail 1o rain

ghsbv WVapor sublimation from hail

qghshr Rain water shed from hail

ghspait Secondary production I of cloud ice from hail
qhspbit Secondary production 11 of cloud ice from hail
giacr Accretion of rain by ice to form snow or hail
giacw Accretion of cloud water by cloud ice
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Horizontal resolution : 1km x 1km
vertical resolution : 0.2km
Time step : 2 sec
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Case Cl-641
lThe w of zonal cross-section at 14 km is stored

at 30-s intervals from 45 min to 90 min

lZD FFT and get the power

y fixed

14 km

B 3-1 (a) daliafrimde (b) - ApF22]6 7 LW -
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Case Cl-641

(a) 1. Thewat 12.2 km is stored at 2-s intervals
from 55th min to 60th min at every grid.
2. Calculating the PSD.

E(K)=a, JREBEL) (b)

1. Calculate mean velocity
2. Taylor’s hypothesis
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WRF: Seo Level Pressure (hpa) — 00Z020CT2008
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WRF: Hgt (m), Wind Vector at 06Z28MAR2005
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