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AP HFRIN AR TR RIBREIHER - TRERBGE  (KERYIEENEE ¢ {58 5152 8 R
YIATRE REAE - TE B RATBOE SRR L E R A -

WEEE  RE R RETE - BWRENY - EEEE - BERY) - By RER
R E S

TR R KR R O
BT B S I s AT AR S R A A



180 KRR i

|

—"_ﬁLI‘J_

£ PR BAR T 72 h F P2 far B S RS B B R B - DRI UL Y VARS8 e B @ R 2 A R
T HEES T BOPE B o EERFFTE AR — EH FEMERER - MR AT R A R A a5 R B g R
MAE BAR PRI IT R NG — R - R - AR BRAE G RERR AT
AR A G R T P 517 ME - KR BT (8 510 50 M 5 45 48 B s (L B wT LA
18 B BEAR By R HI % > B140 Moncrieff (1978) - Lilly (1979) %% - 53— i - th —HE KH R
SRR — R R A o BT B R M R R R o A S R T SR B ST s R R
FRORAZ B AR L e R B H - B2 Newton (1950) » Rotunno et al. (1988) % - [ 2 5 Il 5 ffr
I ESERN R L PFROTWREN - LT LB by B 1T 55 & KRS 7 it B 5%
7 ST 2 B LS T O L M L T )RR A S T R A M
Y BEAR R AR (Weisman et al. 1988 ) » {7l $ i e R A5 & B WL HIBRGTR R - B 2 M2 ER0E
 EAHE MG - AL ESBRCR AT BT R E R e A MR ¢ e APIAT IO
BRI B N 1T R A A MR B 0 17 5 H B MW iR - {H BB Fe 48 4 (140 Bluestein and Jain
1985) AR 4 9 B4R 87 A5 T2 R R B AE AT b 7T 28 248 o 3 ot E A 5 o W AT BRI (R ) JBL B 5
ARSI H GE LN RSN SR - EEF SRR G DU sl BER < i LA
RA MY EE (Roux 1988 » Rotunno et al. 1988 ) - {EEMEIETE T » B HTCH Z Fr AHRIR &
— {45 E B T AR AR R A e HIR R A T —RERES > @R ETEFHEHENR

. BRERAREA EERLERN BN FI0EA R e i FALEE - B 88 R YT (AHE &

PR ) BRE R E TR (R AR RRE B ) B R s a e (A0 - 81T F - SERFER(M
AR B B2 - KR T8 T8 /8 52 0 B PR A 21 K I A (2 R A M A UL 1T R AR AR A AT Y
BPRM > B EEREHE B R B N IT BRI -

AH S 70 6 R VAR S O 1 R BE BRI TR AT TR AE B AT 5§ - D EN RS BT 2
— %P AR AR T B A SUIKRORHE - [FIRHER MR B IT S - W R IS EH Y E]
B BRI ER LB R U E R RS o 0 B SR AT SR S (K E R A MO S
RIS BR IR R Z S i PT I S2 BE » K I 39 0 S R 9 75 P2 #H % A7 PR (Carbone 1982, Roux et al. 1993) -
Carbone FyRA FE /R 1R - IR T AR AR BE A IR 2B YT RER - ETBEERIK
F € BT AR R IT S WA IR IR ER T 2 LA MR B Y S o HR BRI N
WHIBRNHHTEEARAERN AT 2ERERREE TSRty - BmeEEHEn
EREA A ER R ERHEsE MRS ST TN E BH  HREHRER
RERAKEHNEETBERE - AT » A0 Rotunno et al. (1988 ) g » €8 B — & i ($55E
B BRG] — SRR K (HER BN ) GBI H BRI AR R T ENRE - &
WERE R — H N RITRE A - HERRR AR RO BEANRENR - EREKRR
ENE  RREAMERCEHHENEZhS K- SENRE  EWRARRMAGHELYH
B R BB ARG M AE -

Awrge £ 22 et ¥ TAMEX I0P 13/ 881 F 7 ld SETTR2 8 4 - ERbPREEE LK.
ARG AR E) 0 HAaBRE 12/MRFLLE - B (1990) 18’ 4 B AT Gl T B M
TREENESERNY  BEHNEAEBIOAG - (Hrh B AR TR 8 S R A
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TRIRER W ¢ FIf - ZEEAVIRE B H A ERIERN - RRBEARPOLR RSB EEH
RIREE - SE PR HFAI R - Jou and Deng (1992) Rif 3 78 {65 Ji 188 0 7E 18 2 P 473 v 149 7
o A7 8 5% 1B M U AE 84 THD 57 TR b BT AR WO SR AR S B W ORI ORI - TR W R R B
PR B RE o (752 SRR EY T Wh R AT ) A N A5 S A 1 4 1A T SR N SR AY £ RYPR A o Lin et al.
(1992,1993) th gt B AE FGETTHE MR ZE DT > WA EER LS M DGR ETH R
WZRHHE - AWIFE8E Lin et al. (1992,1993) it 88 7347 89 2 [F] — fBHE 2 » {2 A FO {18 5 53 O g
FHZERT4/INRF - ] IR AT FEAE 537 IRF Rl op 15 £ WERE G B S B R M - 1M Lin et al. (1992, 1993) Al
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PRIN ZAE RS B SOR RGBSR 7135 . REY - st MRECTE— S ORI T - ERAE
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— -~ BHRIRERD

A F R e ¥ TAMEX 38+ = R S E R (198746 A 25 H) - CAA K CP4RI{E#
BE S RO = R R B SR B BN R S35 AR B B T2 B T o B CAA R CP4 R
B NEENRIELU R R AT RIRE - CRE RS - (N85 - AR E KT EE (folding) Hy{&
IES5A] 2% [ 45 (1990) & 88 (1992) » MM X EPHAEFFMRN T E o THSH HA ST HER
R G AR S A RS R SORBEE B 85 1R RIS I U Bk R BAR Y G — P e -

(—)&W M EHEZEAM
 TORHACHE

AWE A H 198746 H 25 H 0120 LST E 0230 LST 45 +43 8 — 2 » 5t 8 {8 B il 9 AT 55

» R—RRER b B EEIE RS & PR 7 A TR AR R SRR AR - R R AR
WAMT A 8% - Hop CAAYT N EE7E 0140 LST gk Z BBNTTRL - KUtk & A [E 5 B 5L 0130
LST } 0150 LST W {E s IS AE » BER R BRE W A M E R R AR - ANEHES
FEE - B 1REE NEESEROEER - X I THEEE IR i o IR T E 2 35° A
S G R K A FE B £5 100 x TOF A HL - SEH A F IS A HE - @R E (Az > Ay » Az)$
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F— CAANICP4# MEERTURBACLAIH (K /53 /8) - IR (
B) o AIMAaBE - HEMP L~ SHBTRRE 1 EHSEYE N E
2 JE 5 5 BT R BB 2R -

CAA T hEheE =

FEHAFRFRE(LST) 01/10/00 | 01/20/00 | 01/30/00 | 01/50/00 | 02/00/00 | 02/10/00 | 02/20/00 | 02/30/00

TSR (sec) 437 447 435 399 423 452 449 468
N K 12 12 12 12 12 12 12 12
5 e 1 12 2.3,4 34,5 5.6 6,7 7.8 8

CP4 &1 hEhEE
FEAEHFRALST) 01/19/35 | 01/22/56 | 01/26/19 | 01/30/34 | 01/34/49 | 01/39/28 | 01/43/50 | 01/52/40

AR (sec) 193 194 250 239 227 253 253 - 246
BB X 17 17 22 21 19 25 25 25
f = 1 1 2 2 3 3 3,4 4,5
FEASEERS(LST) | 02/01/10 | 02/06/05 | 02/10/30 | 02/14/55 | 02/19/19 | 02/23/44 | 02/30/19
FRHGHER (sec) 239 253 253 253 253 192 252
=N 31 31 31 31 31 24 31

I = 5 6 6 7 7 7,8 8

1 I N SEERG SR ERE - X S FTRERERN A - 5
B £5 100 x 704 B o [ o H B 2 515 CAA FICP4ES &
RS -
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AR Barnes Z BT 7 ik R A HT b B AR B BN EHABEIR —EE
AR > I AR IR RN B AR R T B AE R IR E - B CAAR MTEERE RN
FHYRERLS AR » CPARIRWB 1A RS - Wik Bames RIFFEANEZ B RERIAR -
AR P R P R 1R T RE R AT B NR BETE 10 N B AE 4 (871992) -

o = HE LB I B R

FUFGEER I Bh 25 & B = HE R B 1 [ B R vk T 228 R4 (1990) » R AR s B TR (Vi) W9 5t
BHEEZHL - %I Sekhon and Srivastava (1971) FRERIALER A5 > WHINAEREEMEE
18 (Foote and du Toit 1969 ) : :

V, = -4.322% 052( Po )0-4
p(z)

Hrip(e) RESEN P ERERE » po BHHAERNEE > Z2EERFGAERT - EEHEHH
3P SR % i IE 1 B 5 12 (anelastic equation) B B T RS K A EHOH TG -

ap(2)W
oz

HEV, = (u,0) « BIAW EBREES

~3(2)Vi Vi

Wg = (DIV)g . AZ/2,

(DIV), SBEI IR EE RS A BEEMEEEE( Az =1408) - EHER AR EEZIRE KR

BESABZ Y fE - #S5ABZHIEm B R IS A BAIMIS AR - &R RGRIRMACRERERSE

- MR EEEENRSBEEETRATHE RNRE » ARG EUEEEEEARRERRK

f'ﬁ# FI I 8253 53 477 (Ray et al. 1980, Lin et al. 1986) B 37 R =4 A5 - R I HE 8 1 L
— Bt - A HE R 2 — S AR CRA B L% -

(Z)YRREBER HIZFEES

7% SO BRI K B 80 B 7 453 A1 B FE 5 0 5 ¥ BE A LA Gal-Chen (1978) & Roux (1984) ffF 15 2
B - G SRR

ap du _

o7 —P(—d—f‘*'fl) z = F (1)
Bp dv _

S =AG )+ D, =G 2)
oy’ dw &' ,

5, = Pl + fs—9(5 +061q, — )] + D (3)

He
fi = =2Q(vsin ¢ — w cos ¢)

fo=—2Qusing
f3 = 2Qu cos ¢
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6, =06 +(0.61¢, — ¢.)8 (4)

Wi Do 0 Dy > D 53 515RR =l 75 el B s 3 IR ROHR -
(D)RXA(2) R F > G oI LI T 2 & N = #E RS RS SEAT R R
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e b (5a)
op'
£ B8 43 HO B8 3R BT 40 (Ba,b) o IR TR TE
oF oG
T (6)

RILEF - (BRI AR EMG R (6) N PR RERKIL - R R A/ NE 7B R % (5a,b)

= - B o o
//[(5% ~F)* + (5% — G)?*]dady = min
BRI 8 5 ok o] /718 11 851 Poisson /574

o'y 8% _OF G

22 Vo7 " B T oy (M)
WERIO. » (3) AW EEEE HETHERK
oy 9w B
9c"ﬁaz+g[dt‘+f3+gqr _p_Dz] (8)

¢ T LB 4 30 B 55+ HR8 Austin and Geoties(1979) T 7

_ 115x 10762076

qr =
p
@)Xz yHEE
W
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o'
e ¢
Oy
Hrh B ~
, 00 dw 8 o 8y C, 6. 0p
Frell (&g g+ =2y 2022
ﬁaz:(dt +qg)+ﬁg32(8z +Cp1_)(3x)
,_ 00 dw 6 o0 op, C,0,0p
¢ *ﬁay(dt +a9) ﬁgaz(ay C,,]_)(ay)
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4 F - G' o] LRSS B SOCR I BB R N1 551 A BB EAUK p' W F R ul5210, 1y
Poisson F#2 :

80 9% OF  8G'

ox? * Ay = o * By )
(7) A0 (9) =X 7T phy 8 A3t 4% 1 A Neumann 33 S 46 (4 5K 45 p R0, - (B2 (7) REHE RSP A IE
ME—f% - FHE Ep' =p'(2,9,20) » WP (7,9, 20) +c(20) 2 (7) REIE o BRE R B c(20) WIFTEEATT
CEHE<D >RIEFTEERAY BAKEEEE . Al - <p >=p +te—<p' +e> o My -<p' >
2 (7T) AR & H W c(z0) FIME—fiF - O, F1p" — 8% - SRif BIE KA (7) A1 (9) A& c(20) HyHE— fi
(BB B UK TR R B H AR ML B PR HEE - BERKE R —EEEE - BRIEAD
B p B OAETE L J7 M HIFHBE #1401 Parsons et al. (1987) RAIEE M WS B B35 BB W ASE p/
IO, W EAHW > WFELAR S MR E N =R ST S - BES - Roux (1985) filRoux
(1988) ¥ 7E I A B T E | A B AREM ST ZHEW p' F10, » 16 LA SE LR SR RN 5) B
1 BESHKEERE  WEAMEE B ST -

HFS P’ R0, AR RN J7 8 K15 IR AR 3R 2 iR R

op/ 2, 0P 2
E;’://[(E_F) + (G5 — G dudy

//(F2 + G®)dzdy

89:'_ 1\2 ?i::_ AY4
Eoc_//[(az P+ (G2 - G ey

/ / (F"? + G"™*)dzdy

A& SR Er EF BRI R Z - i 0140 LST #YEI5 (RAME K #F - RIMTEF 2 AU
#M o AR P A R R E- {2 - Gal-Chen and Hane (1981) 3258 E, 35 K2 0.5 JIl ROR #
KRR EAFTRIE » {8 Hane and Ray (1985) 5 E, (%2 (8B HIERYEE » T SORFERAEZE A
Pl Ay — Bt~ RTINS BB P S R S E AR -

=~ ARElO

{18 ¥ A5 T 6 7 D 25 (1090) chi BERIIEA R P00 BT 95 ch 1 LS8 T A U226 5 24
2300 LST W s/ s A %5 - 00 EL 0 B A 2 A AR IE » BB 2 N A A - 8530
{88 71 BE 45 J (LCL) 75 12 £ 908 hPa( k#7860 3R ) » 850 hPa LU F By A S AF4£ BHH R AR i B
ME7E ESL TS » B E M R A K015 830 hPa « JE444£500/600 hPa 2 P A I 1
FIE R A TS5 — R - IR TR I 2 B9 76 PR £ T 2 7 149 28 S B2 I O A R0
HO¥E T BB 15 A ELAE A - S34) » $RIEAT4 900 hPa 5 (R RS B AP R RV - AR
25 m/s o B2 AT 2 AR 6 1 24 B 2000 LST (755 % A0 BE A B I S 0t 2 (5 TS
R 0 P A S RIS B A P P BE AR ) 0 LA TR 7 1 LA R B I 1 S
o 1 P T A B R BT (S U A T RISE BT 65 BT PR 0 T R AT PO
B o AR TR S04 b DA SR R A T B LRI © B R A AT A -
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AR BT R

KT EFBOSGMEREGNE H SEBESE  SER7 (%N ~EhEER

e 2 E R (LST) » Hh0140 LSTR S ARMKE - REER
g -

E?
r

0120 0130 0150 0200 0210 0220 0230
1 km 57 50 58 52 54 53 53
2km 53 42 50 .44 45 48 47
3 km 46 37 51 41 46 44 47
4 km 55 39 50 43 52 53 41
5 km 60 48 49 47 48 47 38
6 km 51 53 44 .50 44 48 39
7 km 52 58 50 .45 43 51 43
8 km 59 57 51 48 49 52 46
9km 59 58 56 .49 49 54 49
10 km 53 63 49 .48 48 56 60
11 km 48 53 45 .53 48 47 64
12 km 40 56 49 .50 46 41 50
13 km | 33 a9 53 .49 35 40 38
Ky 51 50 50 48 47 49 47

E®-
r

0120 0130 0150 0200 0210 0220 0230
1 km 03 a2 04 .05 04 22 05
2 km 03 02 03 .05 05 08 07
3km gl 03 02 .03 04 04 1
4 km 01 02 11 .02 05 14 19
5km 01 12 03 .03 04 04 07
6 km 01 03 05 .02 05 05 o7
7 km 02 0s 10 09 09 26 17
8km 03 06 .06 .07 06 25 07
9km (173 o7 .06 12 17 31 10
10 km 21 07 05 .08 17 09 06
11 km 03 11 05 .08 13 06 10
12 km 23 06 03 04 19 18 06
13 km 04 08 13 .08 08 1 15
EZ] 05 06 06 .06 09 14 10

HODOGRAPH

2 6 H 24 H 2000 LST 42 A8 i 346 A8 365 1> 79 1 54 90 1% Bl 2 R # JEL 7K B -
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RAMPNERREEEHL ZFAUREGFNGHET  hRERTHENS R EREH
FiXBfEA > EREMEEBNIEL — - WA BT HEMRER  SEHRMAERSFBRE
BLHSRME (20882 ~ RIS S - BRI AT BEAE /MR BLE ) SR E BRI SR 55 "meso - a REE
HE” B MEEOKTETERLIAR  FREBITER 1008) MBANSEESEER
"meso - B REESRH" » "R AHEE E R AR 20 ABZHTRIRE K - 201 3 AR - % (1990)
@RI CAA RIS B MR & 20 > # A SR E A . RERNREHEK S E ZREKE
BeiEd  EERPEHOMCERA LM meso - o RESEMAENVER —3H - LEZWERH
R EAERALE - K > Fi B meso - o RS AE meso - 8 R 0 #6518 B F AT Bl R 8 2 [
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A 2232 0040 KA 0210%
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B2 0040 0130 0050
C 2310 0220 0310
Cl 0200 0230 0030
E 0000 0250 0250
F 0110 0250 FIR 0140%*

* M S B TR A AE R IR L SR R



188 KB Rl Bt =y

FI3 E6H24[2232LST %6 A 25 [ 0250 LST CAAZR ~$hE 45 10 53 58 1
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o Bb—RERER T ERBIRYI ($RH ) N T E BERRERBHR N ERNFHS o R
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A B RRE SR A (R A E BRI G o R (R WS E R TR > RIS
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TAMEX I0P13 1 Km Height TAMEX IOP13 1 Km Height
u-—v field z—component vorticity u-v field z—component vorticity
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Case Study of TAMEX IOP13 Frontal Rainband. Part | :
The Role of Low-Level Jet and Vertical Wind Shear in Triggering,
Organizing, and Maintaining the Rainband

Ben Jong-Dao Jou  Jing-Shan Hong *  Shiung-Ming Deng**

Department of Atmospheric Sciences
National Taiwan University

ABSTRACT

The role of low-level jet (LLJ) and vertical wind shear in triggering, organizing and maintaining
a convective rainband along the Mei-Yu front was investigated by using synthesized dual-Doppler
measurements from TAMEX IOP13 (June 24-25, 1987). Eight consecutive dual-Doppler horizontal
winds associated with the rainband were derived from CAA and CP4 radars with time interval of
10 minutes. The perturbation temperature and pressure fields were also retrieved.

1. The rainband was composed of

The rainband moved southeastward with a speed of 4 ms™
several long-lived convective cells. These cells occurred over southwest portion of the rainband and
then moved eastward. It was observed that a pronounced LLJ (> 15 ms™!) existed in front of
the surface front below 2 km height. The angle between LLJ and the front was very small and
the major component of LLJ was almost parallel to the front. Speed convergence associated with
LLJ along the front was not significant. Most of the convective cells embedded within the rainband
developed over the cyclonic shear side of the prefrontal LLJ and dissipated after moved over the
jet axis. From 1 km synthesized horizontal wind fields, concentrated vertical component of relative

~! was found over the cyclonic shear

vorticity in a belt shape with intensity larger than 1 X 10~ 3s
side of LLJ. In the time period of study, some parts of the concentrated relative vorticity belt broke
up and locally-enhanced horizontal convergence was observed. The enhanced low-level horizontal
convergence coincided well with the strong upward motion at 5 km height. It is suggested, from
the evolution of the low-level relative vorticity field, the release of shear instability along the frontal
surface at cyclonic shear side of LLJ was the dynamical process responsible for break-up of the
concentrated relative vorticity belt. The redistribution of horizontal wind fields produced locally-
enhanced horizontal convergence and was responsible for triggering the convective cells along the
surface front.

The evolution of the long-lived convective cells associated with the rainband revealed different
structures at different life stages. At the developing stage, strong updraft ( > 5 ms~!) reached 10
km height at top of the surface front and slightly tilted to the prefrontal region. The downdraft
was weak and not organized and mainly at upper levels. The major precipitation echo was located
at frontal region and showed upright feature and slightly downshear tilt. At the mature stage, the
updraft was highly tilted and with a much weaker intensity. The major precipitation echo fell flat
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over the lower troposphere at the prefrontal region. The fall-flat precipitation echo colocated with
strong and organized downdraft. In terms of perturbation pressure and temperature, the upshear
high and downshear low in the middle-to-high troposphere in the developing stage suggested the
interaction between the convective updraft and the environmental vertical wind shear. This pressure
pattern provided a horizontal pressure gradient force directed toward prefront and was consistent
with the downshear tilt of the convective updraft. The observed high pressure and cold temperature
perturbations at the lower troposphere colocated well with the high precipitation echoes at the
prefrontal region in the mature stage. This observation suggested the effect of precipitation through
evaporation cooling on producing localized mesoscale cold high. The existence of this prefrontal cold
high deflected the impinging southwesterly LLJ and increased low-level horizontal convergence over
the frontal region. The increased horizontal convergence maintained the highly tilted updraft over
the frontal region and, consequently; maintained the long-lived convective cells along the Mei-Yu
front.

Key words : TAMEX, Mei-Yu frontal rainband, Low-level jet, Vertical wind shear, Shear
instability, Mesoscale cold high.
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