R R ¥ B R
Mo+ o @wm X

2009 = fr g RE )R E 32 ERR
F RE v T 45 A 72

R OA D ERE
BEHR  RE®m B+

toE R BE A+ F N A



e 7 sk A
B LR E TR

pa\/»i,
(98 4 4 AEHEERR)

AIHEEFITHHE < f s RS BT RN EHOA ~ BEfEE 1 8) > A BT
HoRER > BRE AR/ ERAIER 2L o (DU —4)H)
(VEE GZHIBHR)
( HEE —F&RBB - FHAZ
( HHE CH&ERRB  FRE :
( OHE CHERBR  FRE -
( THE FHRZ :

ISR ~ A e B v rp o AR i R B S [ B - SRR HES) T ERIE S
HEEME ) LS AR e BT HEY » 15 IRME - Ry R -
DARRAS ~ B0 ~ Sl b e 25 A T vk 51 am sk ~ B~ RBRBRYY ~ BT -
S EREM N LA i R BRI P » AR i 1R s Sl 5 A 1A A
bR G SRGEEENREATFERIME 8k EAER ~ BT - R EESIED -

g B TR HEBE 976201017

afy 5447 2009 S o eV ER R b RO RN T R PO

et - ek Mt

AR REMEEMTE T OFAHE EEELH

Hif - RE_99 4 7 H_20 H
ffik -

1. AR IAEREERE T ARG MR EREESE 15 1658 3 B HLE » 1R
EFRAIENTEER A EEE S A L2 > A RN EE R - FRERAR
ZEpET - ASITIERBHE > FEER IS AR A BAE IR hup:/thesis.lib.ncu.edutw/ T
& -

2. RIHEFEFWHERAR  EETNSMAER T HBRC KE (23 E RN
E%4 o "HEKITFRE) -

3. FINEN— R BER ZIRMEE » IER W ER AR > NI EEE (U —RET
MERFEEE)

4. FHEENENFEEFMEE 2 LR - BIE - NEEGIE EYERC » EAREFREEAER
e -




B fRREALHALL
WXAEEHRIEE S

AR BHRF_BEFE FAAREFRIEX
2009 ¥ BEREFBA T RE R T HEH L
BB AABTRL  AERAGEFSL -

¥ FH% ﬂ\\% 4 ‘%\ (%)

f/ffﬁé}%//a




B P A REFALHEA A

WX REBEELZ

AENBERRAH EEE AEAFREZIBX
2009 Bt RERTEBBFRERBENFE

BAZARER  BEFOEALEHIZE

PFHERXEBRGTEA

% 2




2009 i 57 BE R E EBUAl T R R AT 3T

#/E

Fh BRI £8 A8 BTERA—hKAEFTH - RELERHAD
o ASEEHAHILES 0 L EABMEREARRELRE P AR BRikGE
WA By o A RAIR KA CRHEEERITES P HERESF A EEE R
N RIS S s AR B 1754-1831LST © A R JAS 88T » BER IR A6y 5
Jb R A # iy RURAE 6 ki g b EAHES) > EM R BHE AR o

EAREFTEER "B AEIOQESEEZELE > L=k AN 25dBZ #
¥R A 0 3 bk 1809LST Fv 1831LST Wl R [5) BF #A 2435 64 45 484 » 1809LST #4 %
BEMAANREPRHARYEAMSEHE - EFEEE RS ARBR T 5
RIMASE > 25dBZ e el EH S BT E 15 A E 0 R AR B AR RE B 20m/s - £
HiRMmm T RS RABE > F R BER(>30m/s)FIERE » &d3tHE
BN R ERAE NIRRT ES  @NBRHANYERE > #—FHBRER

o HIn e R LI E SRR PIREERRE 0 iR HIR R M

Ho B ER R B S A iR L Be) EAES > Rk R TR FEK
BEFAERELLERRE  BRERKE -

M HAEERBICSBIFINENEEALEHE T4 HANNE LR
W TR RTERZOME  AFPHRAAKRILME  LTHAREESEEL

REASE  ATETHRUALA KB E S - plholil ~ MEERE - i ¥
i 3% 86 JBL(2009) Ao 3 4 3%, 56 JE(2008) 58 B 15 > 25 AT 4 0 B R B EBUR
%E R B RN AT A S - AR K FHERIEN > BB
T8 e ] 0 HA MR HIS A G BB A R KB B -



Abstract

On August 8, 2009, a few strong west-east oriented rain bands associated with
Typhoon Morakot formed in southwestern Taiwan. Many deep convection cells were
embedded in these rain bands and moved toward the island very quickly. We carried
out dual-doppler analysis of Chigu and Magung to retrieve 3-D wind field from 0954
to 1031UTC. The 3-D synthesis wind field revealed that the typhoon northwest wind
circulation in Taiwan Strait encountered the southwestern flow to cause a strong
convergence zone and form the rain band. The three dimensional reflectivity and flow
structures are similar to the conceptual model of hurricane rain band. A low level jet
(>30m/s) 10-30km wide, length >100km associated with this rain band.

The hot tower embedded in the rain band is defined by a threshold of reflectivity
(dBZ >25) at 10 km height, and compare the features of the hot towers in different
stage (1809LST and 1831UTC). The reflectivity pattern was slightly tilting southward
and the reflectivity contour of 25dBZ reached 15km. The updraft of the hot tower was
near 20m/s. When the cell moved along the rain band, the cell usually accompanied
with the meso- 7 —scale jet streak (>40m/s, 2-3km width, 5-20km length) and the
positive vertical vorticity. Through the vorticity budget, we found the updraft play an
important role to enhance the vertical vorticity and the strong jet streak. Along the jet
many deep convection cells (hot towers) were moving quickly. Because the jet was
blocked by the mountains in southern Taiwan, the sloping updrafts were enhanced to
induce heavy rainfall. The prolonged stay of this devastating rain band caused the high
accumulation of rain.

We analyzed the distributions of the polarimetric parameters from Magong radar
to reveal microphysical structure in the hot tower. The results show that many little
supercool drops were carried by the strong updraft into the tower. The low Zpgr and
Kpp indicated the ice particles in the upper level of tower. The lower pyy proved the
mixed phase near 7-9 km height. After compared the hot towers between typhoon
Morakot (2009) and typhoon Sinlaku (2008), the former not only had deeper and
stronger convection, but also had larger number of raindrops. The huge amount latent
heat was released in whole tower, and through cloud dynamic mechanism, it was
helpful for maintaining lifetime of hot tower and low level jet.
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— ~Zpr £ & R 4 % (Differential reflectivity)

Z
Zr =10log =

\4%

Ior R 2 ARKTFEAAEEEKNLLE > KRS F o9& - BREE - %
%P ey s AR IREE 0 mAE e R B AR E e RNA B 0 ATAT A A Zpr R 3R]
MBARD - ERHAAR S MRAARE > RAAAK S RFEASD 0 LB R EE LN E
W BAEAUL e A BB AR T SR RERAE S AR TFEZ P RES
FEARMENEL > AFTERMBAGETEBRN > ARG KRPFEERRBRE
L BRI AEMRE 2R Zr B EHANE - HERABRICSEH LY
M A BN RS PR ZR T -

= ~Wpp % E4a4u £ (Differential phase shift)
FHEABRRAE 048 £ ZAM £ (Ppp)t Oy~ OppFu & 28mk > P BHFTHEA LA
Gyt £ Rt BEEFESFAEE > THBFELRAE K& &) &
%ITAFE — B ZAE 0 M O R B # R & K Kok F 84 3 & &t (backscatter) AT i Az, 0 A
v AE R 17 B e 7 X ARIESR 8(4& 0 2005) o #F Wpp & FR Op v & 0 #L7T LA4F
2| Oppfd > M Opp T HRTF A
Cpp =Py —Pyy

Opp R AKFFoE B EA M EREE  HEEKR TR - 5 - @



BORETZIERAM PAAALFEKEN A% BEKRKEAMEEILK -

LAWY ELERARAREERRODE MU TACO R EZERSFERZRIGLEZ
SEAY o

= ~Kpp tb £ E A4 £ (Specific differential propagation phase shift)

_ldq)DP
PP dr

Kpp & Opp HIEBEH FILR » KK SR FAAK ~ 58 - BHPE > R
REEERBEE  AUAR T TR Al 2 ERAEZRREENLFE > &
REAFRI M R EREAREFER - B4 R Kpp AT ABREEF2NH AN S
REKRSEW) HEKXT * (F&EMA GHz > Kpp & /km)

K 0.77
W = 3.565x(%} g/m™

™ ~ pav(0) 48 B 44 (Co-polar correlation coefficient)
puv(0) & f2 3% 4K 05 42 5 8RR 2] 69 K T =0k (Zu)Fe £ EH =K (Zy) 2 R 48 B
Mo — @ A AR BT K SR T AR 6946 AT 0 Bl AR 4 FR SR AL KR T AR AR BT 0 4
A BT 1> MAEAKKIRIE A8 A& ABIEK - 5 — % @ B %M 8
AT BB A AL > 3K puv(0)ER /]S 0 AT AT F A HAE RIE IR M 580K

2.2 B354

% % %48 A &1 NCAR(National Center for Atmospheric Research) 4 & &4
SOLOII i# 47 B35 X 47 & > it BIE X8R 65 > H 512 58 36 2 8% A7 L o5
AEAEREH(EREFEEYRGITHEES% 0 B 2.1) 0 K% A SPRINT(Sorted
Position Radar Interpolation)#§ & #H#¢ & 3 AR (1,0,y) N 1E 2] & A B4R (X.y.2) °

BN EELR FHTEESRE > LAFEIHRARNBHRE > FTRAES R



AT > LA NAEATE T AR G e 5 0 Mg SPRINT NG5 2189 RS
I B F] 35 BA BA 44 3% 0 SRR AT LA B R 3 AL & — 18135 4) 4935 2 > 42 A REORDER
R NFEF | 0537 0 328 SPRINT NIEF 2] 69 8058 & 4 > REAA
CEDRIC(Custom Editing and Display of Reduced Information in Cartesian space) ¥t
BHEF RS REBRIEF T ETERMER °

23 BN ERLEEEHRERZ
1R BARICA AT 0 LB B RS BRI £ BT 0 £ R
BE AT BB LIOE A B ZIE ~ 2R R E R TR

ZZIRUE — Z;lf _ZI_B}IAS +Z§

Zog =Zpp—Zpg +Zpg
Hb 2y~ Zn AFRWAE 2,7~ Z” B & GRS F(system bias) » Z;, ~ Zp,
BRRE R T A Za o Zog 89 & RAGA S B RS E R AEATR
o EETHREREwE 2.2 AT o

THOMARA Za 5 Rlpf5(Z))  PTIAL A IR A TS E - o HE435)
BEMEEE  AARARTEAMBREGE Zyu 2 %00 > S8R RES Y
R BRGNS EETEER > S5BMeTABE > ATUAER
FER LS B EREMZT > LBR PG ELESHE - RIZBF R SR ek
B BB AT TERH -

BTHREASIE ELRARRSME - AHR P HRA £Q2005)89 43t
o Ty BT AMESE D B RBEAASERRE PRE  moaB o AT B R
ARBER A > FAREHEL P OB RREBRRALEBES > REKE
HABARRHNE > wB 237 c F—RRANAALEE WA 1.5 E0 M IE T
P - KA - ARG ERE S B _RAIZER 152 ZAP1HE - AR
TR 2~ AR BALES o BRI 2B BRI A 6 B HREE
FA LA b Y35 sb 5 BRAR ST, o
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2.3.1 LR E E AR RGN Zu 2 Sl tS
BRERFTEDRABLTLER  KEANTED AL REER KRBT HAENIE

BIR—SEMEAESZE AHILR2 -3 -4 -5SNEMmBETELAES@ L £

5> S TR T L @R 2 SRS E A-T.11dBZ(k 2.1) » HF @R BANME R &

oMl 0 AF RIS SRR ME -

2327 % Bl H5

FRARIL T Zor B A A ABA(Z0") 0 LT A K Sl T oy 45 M R AT
& 1E o Gorgucciet al. (199N A1 FEE Ao L ~ T BT R B IKEKRE » 455 Zpr
R4 mAEE o B002)R A A EERE & 6T Zpr B AT e) R ETHEE o
o AHH 50 R A 3R A £&(2005)89 77 7% > AR 3R FEKAT B9 53 @ik & B A /s m B 2K 49
MEE AT E > A RBEE A EN Zpr ELBHENLE  XARATANE Zr A4
Bl Fs

BFATRPFEKRE A/ H 20dBZ 64 & B 0 HF & BAMEA A 2.3.1 15 43t
BB A ik AEAEE RS > BT RAVA &2(2005)89 5 7k > {2 3R 8K AT 89 33 @k
BERK > BBBR I ASBHEL—EFE > A 2009 8 A9 B a5
#4474 (0332LST ~ 0402LST ~ 0647LST ~ 0702LST ~ 1702LST » % 2.2) » 4% Dpp
FARE KB A0 BB A o 3B A T AR R MRS T B SR T 0 BT
MRFI AR A ABEERN 09 FERRSEFHAALEL NE  RERLKIHFE] Zpr
0 % Blm A5 2 4 4 0.382dB » A BLAME R X sbfE B R Zor 99 & SR B IS IE o

2.3.3 Zpr F A& IE
TrERBBAKFR TR SRATHERE  ReLERBAZ = EMERARL
= B R & Z8A4E 5 - Bringi et al.(1990)Fv £2.(2005)#F & #] B & &= Av Kpp 2 [ 49

SRR BR BATIE OE



A, =akK,,
Apg = IBKDP

EPALRADRBORRE ARAZEREQRARET  HC-ARETEME »
a=0.054 ~ =0.0157 > & T LA E mx :

Z) =aAD,, =24,
ZA = PAD ,, =24

Hb AP, 2 FE R REBE ML Opp 3G w2 KB A 2] 6y =&k A0 £ B R 4
Fh L RRE(Z) ~ Zp)BP RATIRMSE « BEF AT RAEL M E Mk
& B ZpdE A B R e A SIS R 0 AREIEKRAF & ERBESENEL o £ 415
RBMEY > EEERREELERG B SE > 2% A =0.0157 15 IE Zpg 9 & R > 5
R, Zpr 48 58 W% A% ) & i BLBA BABM5 &) 1F S (B 2.4b) » AT LA KRB PR 3X
8915 B4 3 0=0.054 B R AE > B HFLRE TG E Zpr 93BG B -
2T LR T HIARALRBESE | 28422 > Smyth and [lingworth(1998)4n
AT THEmpER AW B AT Zor AR A K | 15 HH RIGH - A5t
% 4% 2B A #1 A Bringi et al.(2001) 4 & 7% 2% B F 5 (SCSMEX) #4 [ ) i k48

Bt C- R Z Zy ~ Zpr W9 B 15 X RAF B & R A > BIAKX LT

R0 L1 N Z.(r.)<20dBZ
Z e (r,)=0.048Z,, (r,)—0.774.....20 < Z,, (r,)) < 45dBZ

A A 2009 8 A 8 B 1809LST &y a8 M 47 ah » 4% £ - 48 B4R B R 0.95
DA NBR IR R REAA LR Zy >~ Zpr 9B AR > TTREB Zy A
3| —3E A Zpr 8 0 KRB Zpr A8 RAF 2] — 2148 0 B B A F 7 0.002 2]
0.015 > £ 14 2848 (B 0.001) » X £ R ERIBKR T Zor ZE R/ P1E
HEA 001 - {5 ERBLERwE 2.4c Fiw o

234 7?'] }Eﬁ ZDR N KDP /‘ji/lfgll' ZH ,/‘zfi éﬁl{‘%ﬁg

231 0P BT ZuaA Bl E LHFARAFNACLKRBALEE
Fo TG B4 8 Zpr AR Kpp 18 0 #3818 28 ey MitA K - RIEFFEY Zy %
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K,, =C(Z.) 1077%%"

1 K !
%Zﬂi:(E DP )a

10708

B HCRBEEEME > C=1.46x10" > a=0.98 > b=0.2 > 332 Z &) Bfx &

mm’m” > Zpg & dB > Kpp &°/km © 4% Z,, $834 % dBZ #) B4 85 - E X T IRB B &
Z,;, =10log(Z,,)

K
Z =Q[bZ£II§UE +10g£}
a C

l

MmEEBRBBNZ) > THMGREEFHERZ B 2y 2 BB AR &
EXXTUEE B -

Zy =Z,+Zi"

K
zyuag—§PgW+mggﬂ

PR AR E X T 400 R & Zpp HUIF R BRE EH0 2 e 5 E > #58 Kpp 18
B BRB B 6 Z) MFRRIEE BT RE Zy A Slp i & -

FEARFR T ERA 2009 F 8 A 8 B 1754-1847UTC 8 £ R85 47 84 Bk » 8 Zy
RSB Ea T BALBRBEKE TR SE Btk ey Kppfa 0 AT AL HLER
ARBF 5 HB4E Zy AW 25dBZ ~ Kpp A 19/km ~ 48 B4R 0.97 » Bhk & &
SLZAAE 4 N BT 9 ARAR RS A RITF Zu 2 SR #5 & A-7.04dBZ 2 2.3.1
163t 0y Zy % AR S A(-TIIABO) £ R AR > TRABEIEN Zy 2 %imf € 0 &K%
14 IE 45 R 4o B 2.5b Ao o
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32 R R FERE LA
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33 ERARERA®R T X AR

P B REERBERAEETERBRES LR TR EE bR ERE
REE » Ao £4 Gall et al.(1997) 4 45 83T 09 T X 0 BAT R 3 L RE R 7
Wy H o R RS AT A

— BRI BT R R R 8 A 6 B ey BB EE
Bl (B 3.5a) A8~ iR B A JE# R Hg e &4 - R0 T LRR B K E A
{e L REJR B R A Ao g I AR A BRI - HREBROHAEFAE MASAT AR
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FRAUBETROZRELA BEE R TRREBRT - HEHRE > HF
BT RERENZ BN GHEM T > ZRBRLE - BT aIBE 0 8RR 409
AFET ~ 21 AkHE > M8 A 6 BE| 8 A 10 B FALFoH45 B &y 2 3k 84 /] B £
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G RA RS A 8 B 12-23 B4 M [ — ) B 4L £ % T i 3 1% 50km(X=-50km)
B £ A F 1 K da b B & B B (B 3.10)  AEF9 A B Bl fk R B A @ R IR R
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BEHFBECAERTES T B312) RERFFHHALZABHBLERER
BBtk o B 312 P ey ZE B R FALR B 694 E > 4 1702LST AT EH S
¥ o 1732LST e g8 ey 7 ik 59 @ SRR # > 2 AMm e LER » A HAE A B

W dk o i HZRBIEE o BEHAR AL 2 NG 312 WA AEAR) 0 A
1800-1832LST & #iife A 45 & S IR 9 BF A » 2 sb 3 i i 840 R 48 8 4F
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o TR EEFEREAL LA RGBT A SLATE 582 EH R A A
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BERART B REALE 10 NEZENKTE L L EK R 25dBZ
MR KB 312 HENEENS NEZEWEESEEAE LA 0 # 1732LST
2] 1831LST R =T LAA 2| #H R AL B 4642 70 i LU £ AR ~ 4888 > 3t B A # 3k B é) R
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b e, FHER TR HABME > HFRA SR 2 1o
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4.1.1 Bk = e & HE 8 B 14

#] A REORDER W #H4% 2] 69 85 ] 357 - % @k 694 B O 8 Bl R %15 B 4% » 4
BB e 2L E AR AT RE o # 1809LST 89 8 N2 35 KR % & @k
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