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RRFVEE B RE CEBEHNET - &
BENBEFCPREENBHE  TREME
HERNER RV RRRR L — - BEH
TRV ST EHERNGSHBISEER
HEN T - EERREREENT L TEH -
W 2 T 33t T BR T RO R /R S ] (gust front)
SLHBRAYMEH (cold pool) ~ FHERALRTRZ
BRIRATT I - AR PRz B TATE (B
211 : Newton 1950; Zipser 1977; Leary and Houze
1979; Ogura and Liou 1980; Smull and Houze
1985; Skamarock et al. 1994; Jorgensen et al. 1997,
Montmerle et al. 2000) -

TERE/K SRS TTHE - RAEIRR RE AT

B H R ARATISIRE (anvil) - HRBFER -
BEW (RBEENY) - UEREREREKE
(trailing stratiform region) - §ij 5 NFHBHIME 6,
RIRZREREFBEATEBT - BR &R
RN - FERERERRERKENTF
FEHISE IR K ESRE (Biggerstaff and Houze
1991) - $FWZERNTEZBRERYIZE M
HARBENEFRFTHTE (¥ 800-400
hPa) EY] (Hi#0 : Alexander and Young 1992;
LeMone et al. 1998) - ERNBIREE Z X85S
& RISAEMNHRE ER 2 EERYIE W
(40 © Parker and Johnson 2000 ) - ZEE\YE 55

HEMHE » EREKEFTRET42BHRE (Chong
et al. 1987) ; HEHBEME  RIERETTRERS
[ B8 < 74 B 2 O 2 B AR BT 7 T A AR
£ - Parker and Johnson (2000) RIRBEIREGE
HEMAE - R (BRIR) HRSR=R -
fEIRRE K @RI £ MR IR B RIERE
Ak (Trailing stratiform » f&§& TS) &Y ; @B

cESES P

SBHSBEEBTTEIR (Parallel stratiform; PS)
B MALRAEI S BRBAISIEAR (Leading
stratiform ; LS) & - =#&ich » TS Ed LS RiflZ
YA E M HBRRR TR AR ABARE T
#HE B LS BZEEENRRRARSHERA
il o ZR PS B » Ho & @REYJEN ARSI
T - AEEREXTEATERECMARE (&
HEACEERALED) - MA[RTABRRTRE - 7
JEEME » TS ~ PS R LS BUZ ARG KF&
1% 60% ~ 20%K; 20% » B TS BIEES
& (BINEHEE LT A A AR (Parker and
Johnson 2000) -

BANERRBKE TS - BhEZs
HERMARBRH S (Smull and Houze
1987b) - ¥R ARE/K i SRTZRSNG A E
MR TSRt (B4 © Fujita 1959; Zipser
1969; Miller and Betts 1977; Yang and Houze 1995;
Braun and Houze 1997) » i 7R SEEE—F N
TRIRIRZE R ZEF (Ogura and Liou 1980; Smull
and Houze 1987ab) - At » R A ATIERER R
MEOMER E+ 9 EE (40 ¢ Lafore and
Moncrieff 1989; Weisman 1992) » H{FEZ ST
i AIFE ISR BRER T REE R (squall
mesohigh) + [ BEAR RN < BEIH R 3 8hiy
ﬁ o

Freh REERBA. » BEAR S P B RER T
R E{KE (pre-squall mesolow) EdEE ¥ (K &
(wake low) E45# (Fujita 1955; Johnson and
Hamilton 1988; Loehrer and Johnson 1995) - B&Ri]
ERBEL » TEAREEHTRATAPEES
BETIRREETR » BRI TN E
Byt (Hoxit et al. 1976; Gamache and Houze
1982) - BH{EBMU NP RESGBZE @ BIEiR
R Ak » HBPBRAR T R B A
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EEARBIIZERM - BIERERALET
FEH Hme FTEFRRRAERFEZ TR
BUEIR  EBBRE K A mAIFTE (Brown 1979;
Johnson and Hamilton 1988; Zhang and Gao
1989) -

EEEME P REERETE] (Taiwan Area
Mesoscale Experiment » fi§§ TAMEX) HJEH#IHA
fE (1987 £ 5-6 A ) » #5 6 {ERRH TN EE
B A ES$E (Chen and Chou 1989; 1993) -
EERERS - BENRE 2 REEBEWH

(Intensive Observing Period 2 - f&if§ IOP-2 ; 5
A 16-17 H) EEAVRRNK G HERERREK
& » #7E Parker and Johnson (2000) Z4>%E/8 TS
% - Wang et al. (1990) EH Lin et al. (1990) 154
FAHE MIEERHOMLEERE  BRRRE
rEdLAE R » I B BV RR ARl A B
BEEERERY - BEZATAAR - PEE®
HAG ~ R ETER - DARHEREAREE K
&% WEBZHZEHE (Chen 1991; Tao et al.
1991) - BR<E (2002) FR4T#714HE IOP-2 fEIZKE
BZHWHRRBEE  BHATR BB D REE
5% - AERTER - PRERBKRRIERE
B ETHEE o R R SRR AR AT B RRER
BN+ RE - AR SR - EEZEE
REBALARARERE - BEHEBRRR - ApE
B KRBV EREK » 2 R AE R RUBERAR
ZEiREEK - BH - HRLEEBRER (Fi5
Z 16 m s » £ TAMEX #ifi&iR%E) BRARE
MR TR kST » MU RERFER (Teng et al.
2000 ; B#EE 2002) -

TAMEX SRS — RS S RERKRE
IOP-13 fEIK (6 A 24-25 H) » HIFSRRGIHE
IOP-2 FERANFE] - B AMKIERILE — AR
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R - BNHBEE TAMEX HR&EE @ F
HERI S m s BOERGREE 200 mm day' 2
%N (Lin et al. 1992, 1993; Chen and Chou
1993) - RIEIEIBITAERRIT  LAEXT 900 hPa
BRHIRE 20 m s Z{EEEFE (low- level jet
ffifE LLY) EHAlTS RIMRERIRIRZE SR (Jou and
Deng 1992) - & IOP-13 Ed IOP-2 HEfRI9E G
7% AT (Chen and Chou 1989) » {HEE I
RIPFEHEREREKE - 7 E ERER PS &Y -
WERBERARE - HRURIFF A R Aetb
EHEME TS 8 PS MilERR AN ERSE RN E
RRBAFFEZEZR  WEANCTFEBN &
RFIf TAMEX R BE&ER - ¢+% I0P-13
18 2434 St T B S FE R AR B B AT R 12 P2 KR,
HRg o FETHEERE - LGS RE I0P2 [
K (PR 2002) (b8 LIT BEEIBRNZES TS
RIBIE TS ARAR R RF -

—HHESRINT G

AT 1987 &£ 6 B 24-25 H TAMEX
IOP-13 HARI BEERHER - TRIER - Wl
HE R EFISHEBEE (2002) FrA &M
5] - GEHE HERREIETE 75 ER SR
8125 EWNEY  REERCERE  BE -
B WER - BREESE  KEgTERSS
/N BERAEESE R ERE 12
fEERZEN - 5 3 /NRFIRE—R - 14t BROR
FEAREERRSEECEREL  GERK
B KP4l (column vector ; f&f§ CV) &
BRI ERE (range-height indicator : RHI) 4T
T DAT RELBEAR R A RERETR R -

R B I0P-13 BEARRFERERH
®’FZENEEFTEBHRB ML« AES
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TS EE T SRR » A& ISR TAMEX
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R R R H AT 8 (30 min)

HATEC KRB H8MLihiR - /78 TAMEX
HARZ 6 BFEEEM AR RK R -

HEAT LR RE B H R 22 53R

FERIEF RN - REBRER R
ZEE - AP AR (EERSEE ) ZfI
B - TERBES RN B BMORE - W
FAEBRTR B BMLER 90° BRI EFE

AR S B R IB Ze T SR R BRI 35 AR IR

HopiE B RS E R AREB LA > 1 hPa
EBPE - LR SEMTFH - HHEBRE (2002)
S 10P-2 fESATERAEHERE » LIRS REEM
At -

= a&ER

1987 £ 6 H 24 F 25 H# TAMEX IOP-13
HERWHAR - —ERNHERItAFERS
MR - SRR TR BIR ARG (Chen and
Chou 1993) - 25 H 0800 LST ¥ » M2 2575
EE  EEREEICEtE (H 1) 850 hPa §%
ERIAHESEI LA 150 km 3R RS RFEC
S5 85E M BISATEAESE » 7F 25 H 0200-1600 LST
8 14 h [ - HIRHbESEHDIARIS AR REEY - It
FRAEILTEETHE - LN RRC B
AREHTE 220 km - BHfEEEZ HAREKE
BOKEM (CV) #E (H 2) 8w 10P-13
BRAREI R B LR B0 S BT BRI R M R AR 18
BB HE_REEMERCEE » EREK
FARHER 50 km - BURER U AGREERER
BEK& - TR AR B A ENEAE A5

Fzt-mA=n

0800 LST
June 25,1987

B 1 19874 6 H 25 H 0800 LST 7 HbEEH 850
hPa $&[H {78 » LK TAMEX IOP-13 Feig
EIR B 0200 F 1600 LST &2 h
ZAIE (B2 BRI 00 B )

JaRREK -

H¥SIR/ATE 6 A 25 H 0800 LST g
RZEKTEERE - ATRUR 10P-13 {EREARIR
HEEBRATUARC RS (B 3a) - BHATUR
¥#f8> Bd Lin et al. (1992) EH Jou and Deng (1990)
L - EHTAR (BR) ERILE - FfEHA
Em  BEF (2 km AT ) ZFERE LL 85
T - BRAMZmABE HER ) € 2.5km
DT HEEE ZAHHRIAAR > 25 £ 85 km
R RIS BB PR R A 39/)N » BEHNAKZ
FEEIRYEAE S m s7' LUT » SEARRAITRRE
HFRGS - At » &ZEHE 2 BE 3a 2217 » I0P-
13 {EKFERRESRIAE R PS BB - 54 -
8 3a JNEURAE 8.5 km DU L2 AR g - H8oa
ZRARTHERS - FbAER B EAE LS &
RO B2 HF 3 - Parker and Johnson (2000)
METRRFSILXERIFER LS — B LR
BB E (39 34 %) BFE4Edn R aTas
HES—REBRSS— Y - % (1996) 7R
BB KBNS  BEMIEEETSS
RBHFS> RO » FUiE AR (B0 TS) - T8
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B3 B@EEARERSZ 1987 4 (a) 6 H 25 H 0800 LST (IOP-13) B (b) 5 A 16 H 2000 LST
(IOP-2) Z/KFREZE (ms™) - RRAEHTER 50 m WBTEEE( SHBEBTIGET I K )
BIFEORE 500 m Z/KFETRAE - ALHFRIREE km) - BESEREHEER

HRRAUBERZ FHERA R (ms) -

R (BIPS &) - MY - DU S/ I K& R -
RFR#E30 %~ 23 %~ 11 %~ 236 % - H
PRI - FoR EERARBI ISR EIREEK
BN HEHR R B BT R 8 f BB G BRIE R
o R E R T2 ERFT5 | EiRREK
BRI RAY R o B R E R RE R A
Z FEREIRIEK « EKIED4E - I TOP-13 B4R
FERRE R @Y - YRS MR R -

FEH 10P-2 &5 - & 3b BUREIFTAREL 4 km
N BERYLEFEE - HERRRERER -
T L B R E Z AT A S AH BRI - LR A
JREE Wang et al. (1990; & 9) Frm&MERF » BR
IOP-2 BIEEALER TS BEZE - t—mfER
f o EREBRFRLNEESE - EEEHRRZ
XM FIRA R - (B3GR I LAGE R L st B

WL R RS FE SR B R B B4 Wang et al. 1990;
Linetal. 1992) -

(—) & 3 7 B 52 3th 7 2% 7K 65 B

B 4 £ IOP-13 HAfZ HhiE RN Migd
MNEENE - PRESTERER Rl
IRREZ ASRTSAEBFE H7E 6 A 25 H 0400 LST
AMEREZEASEEN - R HAER & EY 4
AP REERER - (LARTEH > $E&m IR+
ARG » AR ZWOEA S BTN E ([ 4a
B 4b) FHEREEH 2ms (B 72kmh") -
SATR TR A - AR AISRALE - Kitins
HABEFK T RGBS - AR
BT -

B 556 H 25H 0430 £ 1130 LST [ »
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H b $&A7 B (R4 30 min 2 th R B ER
B 4 445 3K - 78 0430 Z 0530 LST [ ([H
Sa i 5b)» EARERNEAIERNE ARG
B+ BxK 30 min EENEM 0430 LST ZFFK
2 25 mm 2 fEESE{E - {E7E 0600 LST FiE.EH
BRGE (FKom) - R BRIZIRE K B SN RT SE T (7
B30 BUK 10P-13 RURRMEII % »
BAERMESEAZGERFERY)  tREH
EFEEERYIBEEFIT (B 3a) - thERAR -
SBHEBBBERAES  MERAKREROZBERA
ESEMAEITHIR B 0430 LST REALF$&M L % 0600
LST FFERSE AT - 0630 LST ([ 5c) B
th - R IRBAREML - EF SR LR
ORI AREENSE - B —#RER O ERR &
AR B - BER AR O R SR K
BRI OISR SR 40 mm/30 min [,
_E.([# 5d 8 Se )< Lin et al. (1992) 4}Mf 0653 LST
HEGLEC S8 N ERERR BRI
&2 FESRAAEILRIT (K9 4.5-7 km ; [ 3a)
HEBREKBEARIER A RS IR TE
TSRS ER - W EH B THER RIS RS
BE MEBERRERN T ORSEATRE - 0800 LST
Ky (M Sf) - BWENTOEBEEAT - iR
ECBENTLESTERRE  SEEEER
352 JBIRKEIK - 0800 F 0930 LST [ » $&THRS
BARIG R 2 MY ST RN LIRS
EHADZR » Bk 30 min BT BEIIRFHE
30 mm PAE » % 0930 LST BFElBatGHEV)N (@ Sf
E Sh)-

25 H 1000 LST Ff » BRI 5E —#ik
ML (R7R) » BESIN IS S BB oo
T S B KRS /0 M 2R ARG « b0
SR 1030 LST 3% 30 mm/30 min ([ 5i) -
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B 1987465 25 H (a) 0430 (b) 0530 (c) 0630 > (d) 0700 » (€) 0730 > (f) 0800 » (£)0830 » (h) 0930 »
() 103082 (j) 1130 LST Z 3 30 3B METE M (mm/30 min)- FRERZMAEKFR 0.1 -
5.0 % 10.0 mm - B % LERHENEL @ WEEHTZUUERE (k) SEFENZbEERE

(BRI EA

T S BRI R E RHNA & 55 © 1130
LST Z#& (M@ 5j) {58 I0P-13 RRAMZE
W EWRGT  Heke T ERKERIFEEER
B o £ 1230 LST K » S ARERYHEE R
#HEF 12 mn/30 min » HEIARSEEARTREEE
AEEAREINER (K7R) - Kt B3{$kE 10P-13 {&
K ZREKRSTITER » BREAKFGFTEREEZ
AT B REUR TR Rt E#EES
EFREA OB E LT (BRI R
BR  REAERZ SRR - 5% &
MBI IARES&ATC LL) 58EE 20 ms™ » H3
R & MDA < BB AT - BANREY
T BB INHEEAE (Jou and Deng

1992) - 4t » Li and Chen (1998) 4347 TAMEX
SR TG (barrier jet) » BIRSERTARIR,
Uit AT R SR AR EA 3 T BEL AR T R 2 30 0 WA
SEREILENEREIT AT R LY » R
Uit TAMEX ££F 7 K » Bi%—RENSER 6
H 24-25 B - Fit » AEES B TERE
HE—BFHE  ENE G WAL ER TS T N
LIRS » B EE B S W AR R IR -

BB EAR 82 L BIsASR - IHhRS - TOP-13 2
EH VR AR ENFTHRE » T B & A S R
BYIREZ R » B E ¥ ER— PS BARM -

BREEZKIILISN » B 5 TREERBEE AR
R ERTE (R FERERRET » TR
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LA R EARE - TTRER B BFERIT R R R K
thsEE R SRR (B sh £ 5) - f£F
/KB 0630 LST BHIATS EHFT <% » Hikkk

(AL AR REERE - BURTREZ B
AT ETRA R 1% iz Inss (B Sc & 55) -

AT E S R BRI RIS - FEHR
R /K SRR S i K RFER AT IR BIAE S BARE - B0
0700 LST By » BRI AR K &R 1B
REELE RIS RITAE R A (15-20 kts) » MIHIR
BEKE &S ZHFTAE 20 ks ZFERE (H
5d) » FE{%#) 0730 LST - {$FEREAGEEEHIEX
PR IRIEREE 30 kts » BIEEAR S TER
PMER % AR 58 (1 Se) - 0800 LST B »

HREDESGKEKDLERASESAEIL
JR + BURE R {4 8 B A ) R R S T T RE A BL IR
i PEERARRETS - FTYT 2 Pa RS AR IR A
%5 15 kts ([@ 5f) -

B 6 MR (AAHFEREER) H
BARRNF.O (757 CERAESMN - TR
7£ 0700 %2 1100 LST 4 @ $HEEBET4R18
TIEMAE 1.5 ms™! (8 5 kmh')» 1100 £
1200 LST [ERIES FSH0K - ZEHR8E 0] 24T 3.5 m
s (8% 13kmh™') » B Jou and Deng (1990)
IHHERT - 1458 10P-13 BEAR . B KREK (s »
R EBS RSB RN - WFTAHR - I
BH AP LRERLIIRBEE RS SR
% BHHBAIER 0400 LST ¥ $% E XA/
T 1200 LST 2 8471 (2 RE 5) - AR -
A BRI F B 4ELE 1000 LST 2L
# » 7£ 0700 % 1000 LST FHRIRS B REE
Bt E B A St S AR () 6) - (RIS
B 5 8~ IOP-13 BERAMHY 0730 LST RS

MARX I EM A
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R B R R ARERIRER 0730 LST EX|
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2 0930 LST iz 8MY. » A 4I8&R TR TrERIRIT
BB OATERZ R AN ERIEZE
HBMA GRS - QTR — S RS R
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ABSTRACT

Using data collected by the dense observational network in the 1987 TAMEX (Taiwan Area Mesoscale
Experiment), the present study investigated the squall line during Intensive Observing Period (IOP) #13 (24-
25 June). The structural characteristics and associated weather phenomena were discussed, and compared
with another case during IOP-2 based on the classification by Parker and Johnson (2000). Results suggest
that a strong low-level jet (LLJ), the topographic effect, and the arrival of a surface Mei-yu front all
contributed to the initiation of the IOP-13 squall line. This convective line, aligned from west-southwest to
east-northeast, exhibited multi-cell behavior, with new cells developing to the south of old ones due to
interactions between precipitation downdrafts and environmental southwesterlies. As a result, the line
gradually moved southward into the pre-frontal warm sector. Its speed of about 5 m s', however, was
significantly slower than those of most subtropical systems, and heavy rainfall was caused along the
northwestern and western coast of Taiwan. The low-level cold outflow induced by the IOP-13 case also
showed signs to affect ambient airflow and subsequently the movement of the Mei-yu front. Near the surface,
the gust front, mesohigh, cold pool, and wake low were all identifiable. Weather phenomena associated with
the passage of the gust front included a shift in wind direction, a reduction in wind speed followed by an
increase, a rise in atmospheric pressure, as well as a decrease in both temperature and dew point. The gust
front was accompanied first by stratiform and later by convective precipitation, which can reach a peak

intensity of 20-30 mm/30 min about 1 h later.
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In addition, the IOP-13 squall line can be classified as a parallel stratiform (PS) type, with strong wind
shear at low levels in the direction perpendicular to the line and shear nearly parallel to the line in middle
troposphere. The IOP-2 case, on the other hand, is a typical trailing stratiform (TS) event since the
environmental shear was deep and more perpendicular to the main line. The orientation of the lines relative
to environmental wind shear, as well as the propagation speed of the two squall lines are all consistent with
the general characteristics of these two types in the United States. The duration of IOP-13 case (about 16 h)
was unusually long, and was a result of the pre-frontal LLJ that provided strong low-level shear and
abundant supply of moisture as source of latent energy needed to drive the convection. Finally, both the pre-
squall low (trough) and wake low associated with the IOP-13 squall line appeared less visible than those in
IOP-2. This result also appears to be consistent with the theoretical expectation, since there was no trailing

stratiform region in the IOP-13 system.

Key words : Squall line, Line (arc-shaped) convection, Gust front, Mesohigh, Wake low,

Taiwan Area Mesoscale Experiment (TAMEX).



