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Abstract

At 00 UTC, September 19, 2010 typhoon Fanapi made landfall on the east coast
of Taiwan and its intensity was immediately weaken due to high Central Mountain
Ridge. In the next 12 hours, Fanapi went through a reorganizing process and
brought record breaking 600mm rainfall within 7 hours to Gunsan station in
southwest Taiwan. A mobile X-band dual polarization/Doppler radar, TEAM-R
(Taiwan Experimental Atmospheric Mobil Radar) had been deployed near the
Chigu S-band Doppler radar, together with Kenting S-band radar, and Magong
C-pol radar these four radars provided great opportunity to study this event. A new
multi-Doppler radars wind field retrieval method proposed by Liou and Chang(2009)
was used to synthesize three dimensional wind field.

From 06 UTC to 12 UTC , a strong convective rain band was slowly gaining its
curvature and evolving into a spiral shape. At 12 UTC, an asymmetric eye wall was
observed. During the same period, from Chigu S-band single Doppler wind pattern,
it is obvious that wind direction changed from north wind to gradually increasing
south wind at Chigu as the typhoon center passed southwest of Taiwan Island. At
09UTC, a vortex circulation was found at the lee side of Central Mountain Ridge in
the synthesis wind field. The retrieved vortex-like pattern was near the lowest
pressure location of surface stations observation. During the re-intensifying period,
the other important feature is observed by TEAM-R RHI (range-height indicator)
mode, the south wind component intensified from low level to mid and high level in
a few hours.. The dual- polarimetric parameters of TEAM-R are used to study the
microphysical characteristics of this torrential rain band. Three nearby disdrometers
and TEAM-R radar further provide rain drop size distribution (DSD).The
preliminary results showed the rather large mass weighted diameter Dm(~2.2 mm)
and high concentration Nw (~10* mm™m?®) during the heaviest rain period.

For the first time in Taiwan, four radar systems had chance to observe the
structure change and study the influence of the topography during the reorganizing
stage. The blocking of the Central Mountain Ridge may play an important role of
the initiation of the tangential wind component.  The stronger convection of the
spiral band was further enhanced by the up-slope forcing. Subsequently, the
typhoon circulation was also strengthen and re-organized.
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LR A 0.5 147247 3,47~ 4.3 6.0°~9.9"  14.6" -
19.5°» ¥ EE 5Bt vk (Zy) ~ o b (Vo) feik 38 5 (SW) » # B4 47

45 1% B (Nyquist velocity) = 21.6m/s °

(2) Bt Bg

Bl 2§ phorhaSlagr B g it L 120,849
B~A21809 R BRLA0 D HHEFTRL - ALE 244
BaFds ek 0.5°1.4"+2.4"~3.4°~4.3°+6.0°~9.9"~14.6"~19.5
o W EES ST vk (Zy) e b (VR 3 R (SW) o B B 45
B 5 49.5m/s °

(3) BEogikmisisg
BOoERmimEtTEETENBOC-RAEERBETE YLy
119.634 & ~ 4“5 23.563 B > F & 5 48 2 ¢ B PFRBIL 5 = A 2 4 >

£33 T BFHFE 0571047247347 4.3 +6.0"-9.9" -~ 14.6
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TN 19.57 257 WSS O w ik (Zy) ~ Az b (Vr) frik s H(SW =2

N

Bguc T @I R S LB F M (Zpp) LB AR (D)

b (o ) st LB AR L (Kpp) » e 47482 & 5 3T, 180/s -

(4) TEAMR# & X- KRttt 74

TEAM-R > ¢ % Taiwan Experimental Atmospheric Mobil Radar » %
X-hBEHEF R TEMWE2D B iR gR d P LB
P 2008 FEfER L FEG P BB FRR Z 20 % - B E

\%‘.%ﬁg,t Mg FE s B mpaed 2.1 0

TEAM-R £+ 2010 # 9 * 18 p 2 2010 # 9 * 21 p 2| % 251 & % £
Hig 7 el e b rEp) 0 B OB E L L 120.583 B ~ A & 23,010 A& >
BREG 224 2% o2 i E* 323 PPl HF4 Kok > TEAM-R e84 R

w2 3 PPI(plan position indicator) - RHI(range-height indicator)fr
%% 4w (vertical pointing) = 48 > 16§ ¥ # 22 3 & TR & Fi41(Q0),
Bt 2-4 ) &3 H o
PPI #de Wi P " HFRFF N8 A4 124 £33 - BfFH L 1.5
~2.5°~4.0°+6.0°~8.0°~10.0°~12.0°~15.0°~18.0" ~21.0° ~ 24. 0

A RHl 4 R AL ¥ gEEVRY - A3 58 B L Hle -
Gimhkood AP E(RE GBS P HFRH DL 90 E(E 2.2 RHI #
fo @il R AN (loca) T EFH > Aa BV EF L2 RTRARSE L
EEEFTRARGEDT M B R STEAM-R 3 & B p - wg &
e i o FIP AR NS RFEr P o h e E - K E A
TR A RS b &2 5 IR > TEAM-R 5 i RHI aopLip] > ¥ 54 &
PSS KT S e b e AELRIK Tehdd g 2 i 02107

6



3007 ~330°~0°~10° ~11°~150" ~ 170" -
BRengger 0 vk (Zy) ~ 2w b (VR) frts# 5 (SH= B S8t

BT IR Sl LR R S (Zpr) ~ AR AP ?f_%;(CDDP) ~ AP T

(p )~ ELB4 = E(Kpp) > bt 47453 2 5 31 In/s -

2-1-2 A FHRTH

IR R BRI 3 F T st ang 2 (in sitwBp & F %
THE Gt P LA FE B F R RE A R R FHEER
BlodPy R*ZARFNAFHR HEFRTEL AT bns?d &
-] (120.5979°E, 23.1148°N) ~ ® i (120.5796°E, 23.0857°N) ~ TEAM-R
FEd p(120.5744°E, 23.0111°N) » # &2 TEAM-R 5 2 & X, Y & = cpedg
A s E (1.5756 =2, 10.9531 =2 )~ (-0.2967 =2, T7.7172 222 ) ~
(-0.829 =2, -0.5782 =2 ) o ¥ = jedt TEAM-R & & 7 2 /(R 2. 3) >
BT R ERRES T AT TR0 MBI > g
L B EE LR R RER W 2 Gl e d 0P BR)
o FHRFE BTA FALG R Fla AL AR 7 g TEALR
ARAFH R B ROEE IR E 6 A LA

¥ A @ &k (Joss-Waldvogel disdrometer, JWD) » # B &% % -
BREEFF S0 FEM(FI2.4) - §%ag2 > aFETREINL L
ERFORBEEE RBEFF EFE MR FRIS A ) o A JFRIS A A 5 20
#od 0.3~5mm> A 5 20487 FREE o § A JFFI) 0. 3mmpF > € 5 AR
»Aeit(noise), @ #-FR'E 0 A A R A F ALY SmmpF 0 BT
WG DmmPR - A e A F R F - A4 20 AT RS A T 0 )

AN DT Mg ssF NDI:
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N(D)g=—2—— (2.1)

Fst+v(D;)+AD;
HEFi(mB3em™) fLE AT Sz Bl 29 0yt &%
155 F Bd; F 2 BRe #0.000 m?); t 5T % v(DD: % 148
L

FOF chd-E T AD R % 1 #F % JF RIS EE -

ST 5 ;j(—?;r; BEE o MNE LRGN E(FIAEY T 5

HR B3 Fp s %—ﬁzﬁ;"lgﬂ BEENAEIE)E T T AR

F
FE O RFAF FT SR F AT

R 2F RS igthen B 2T ERIER Y ARM io <0.9
PR AT TR
(2) RhFLird: AT et R OMARFR F
2 #78(unfold)- E fI* 2 E& T+ T2 3T WP R RL 23
I #-% ¥ & 5 (Plane Position Indicator, PPI)_t ek 33|45 = 3F
B(95kn ) "E#HEIFHHT (local unfold) & 4 i& &
B AeHs 27 8mwRB 347l L - - » AT & vl -
B B P o %Fﬂigé#TgF e FRam s hedk g bR N

—_ 2

Th AR A e b Ho Bl % SOLOIT #rdae 7 4 1 3 474y -
2-3 - T ERRREZH A

BF %7 RS FHE BRI e TR BRI T E



Rle 27 ARF o TR ¥ B2 Bk T 2 £5 2 w R B
Moo d TETRR BTV Gt F T R L 2EIRAE 0 €33 SR BT R S G ook
T2L3 T A4pR RBALIEST LR R R AR L2
Wit F L AR R Fl e Flutd TR BIETE 2 Rl lic g o
FoAF Al Ak s dge 2 R B ERL O R RE
R o Rt E FERTEACWRIRE RS A TR

KRk FERZ B HAHm I SR ”Tﬂ} ARG R PR

2-3-1 F s (reflectivity, Zyy, Zyv)Z%

Z 3 5 sqF (differential reflectivity, Zpg)

BR AL AR G - HE kS NDA G S ETEF 5o
SR K R i A 2 KT £ A S 0 DK L £ E R F i

X Zun, Zyy¥ = W & T

Wi

— 16 7% Dmax 6 m?

HH ™ g|g2 fO € |4 7 +(m2- 1)P | N(Deq)dDeq (2. 1)
1672 Dmax ne

W gk fO €d 47z+(m2 1)p| N(Deq)dDeq (2.2)

¥ =% dBZ(10logZypyy) c THRHAZ kLT3 s Vi A LE 2w 5 -

BT FEHTEADD 50 B BRI BDTELS P

d

Ae

()}
]
QO
»

& Bt R e ch 3 s T (equivolume diameter) ~ Doy & % 2% jf &
Z K125k R enh § F]F (dielectric factor) ~ g fi -k e /i © F)+
K25 % 0.928 » ko3 e/ 2 F)1F K25 2 0.197 ~m 57K b3 edfdk
o oo frR BATREE N E R FERFH R PP AR T

% (geometrical factors) > %% 5P=47 —2P = (t—f) {1 —



[(%)/e]sin‘le} Hve?= 1—()2, a~b & B & & jF A fh(ZEdh > & #h)
Ho LER o
1245 Seliga and Bringi(1976) » £ B & 845 T &K 4o .
Zor = 10log (?*T:) (2.3)

F1 % Ipr # Ly friyy 2 0 F 8 > B B X 3R AR 2 A4 3 F Boirdpd] o
LK oS Ak - it (axis ratio)F(AkipkR ) §FIA T ¥ 7 F
f T H P2 Zpg 0 e ¥t - Bk R R F (MR FEFATD) D 5 0 Zprfrdh
WA R - B e EE P e F (DO Imm) 0T TR S R IREE > B
R Bl A7 EES I o AR S8 o @ B4 0 @ R F e AR )
B Tt T d Zppg R EETA Fchs o) o B L) A Flaa F R Af
B ogh dEIT 0 S PE e 6 ABITIT 00 EE P KRB B W FlE S i@
BB FR BN Ly > Zyy T EREAPIT 0 M @ Zpgr EARITY 00 F]P 0 Zpgp~

TR RE AT NS O ARS

2-3-2 £ R #p £ (differential phase shift, ¥w)%

w £ B4p =& (specific differential phase shift, Kpp)

FO L abd TR AR HEDRED S TEFHTEAR P §
W % 7 @3>0k (propagation effects)it & T &k % g fedn =L (B #)
B B SR RS R - H WP o

PO FHTER i e R F /i F(bnisotropic medium > T 2Lrk
R)Y iR R TR R B BB R hB g > @ 3 e
HRFHFRES T RTE LT ELI(FR)L  meBLEigk
Bk foked <o S AR SR o H T BT SRR Moo £ R 4P
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AT AT A 1 Ppp = Py + Pyy © TALTPyy ~ Dy 2 FiERT 2 LT
U A TR e B4k rdp 4 B > H =5 B (C,degree) o £ B 4p

i

N

.3-\

K

TREA G ES T BIFIER DR Sed WAV BIFT R o T 2o

AHUARARE S AREARAAE A o Aa LB Y L
FARAL R AAGE S A2 - W (7=180") > iﬁ»g # 24 7% (folding) » 7

R FRH Q1T 0 4p e 7R T (unfolding) » H -4 T
ol RS E
£

{%éF%?ﬁ%éﬁ?@%%@Miﬂwaiv%uééaw

§ i

Fend PR ABpEL Upr H j\/})—‘ﬂ”ﬁ = 38

WDP:CI)O-I-CDDP-I-@ (24)

O & @A Pz (offse Z RAp L 7T infe it TRM LALR T

éa'ﬁifw wad RApi Lo 5 TR BT BRI L B LER
b Bl L R Rk T e 9 408t (forward-scattering) 7 &k
AR L > A R LEBAABEPREYFERF S H P L ¢ 70 kR
F ¥ v et (backscatter) R gk fpie Ll P o o B AL R Ap iz

A4 00 X FITF 4x+ 4 B 4p = £ (backscattering differential phase

shift)» A F e QAR =L @EplEd » 2 EEE RIS g

J“i’}; ki > e ps 3;5{22,&*‘ Tﬁﬁg,wué‘vlug\cb EE%E\_ ﬁaﬁjﬁ"]ﬁ‘_’
Flpt - B E Y T A T /E‘ﬁfi%‘ﬁ ﬁ/ﬁaﬁ- ez ERAT - ) &
GrK

BREAMR OG- L7 PRl LB LKy 3 PO B

B SEIEAL AR 2 e

1d®DP

DP—Z dr

(2.5a)
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e

ok
E
s
&

CDDP = 2 fOTO KDPdT (2. 5b)
0=

T i TR % cnEEYE o 945 Bringi and Chandrasekar(2001)
T FECE T T o #Kpp & T

Kpp = ”1—12“’Re { [ D3N(D) [1+§(1-E;Z_)tgr-1) - ;Z z:r_l)] dD} (2.6)

# Bc(wave number) * kg = 2m/A A% TR A KA E » Reik
Mo ga kg Fni T ¥ ND) & & FRITA, F o
) S Kpp B ABAp L ED R ¥ GRS E A B LA
okt R(Zy) ~R(Zy, Zpp) e B 2T L4 - H FI5 ¥ Kppfo 3+ '8 &

BB Kpp$3t L & i #ic(beam blockage)frit & 3 % (beam
filling)#? AcR ~ Kpp @ & i k sk & B ~ Kpp Hd Ap i+

He

B ¥ kg

B
0 R

W

z v
* m?ﬁﬁt '?

A H 2o
-
lP }L, ,)E\A‘E,,é'}o

2-3-3 Fi&i g M ¥ (co—ploar correlation coefficient, puy)
i it Ap B T lic 87 LR fid FOR PR 2y rZy 2 P endp B 0 B w
4T

(SvvShn)
VASuul?XISyvl?)

Pupv =

(2.7
He ( Y48

B0 A Bk Rk F s o) AR S A E B R
R S

- [T M A Ly e Zy 25

FERYFHEBIR B ET 0 AT
BA Sy bl - PP RO ARG fok S Bt

3 %0 & ek ibeer (8 Bl Ty feZy ot M AP iT  RIAP M TR BB X o Bt
RPN o HEFT UE

7~

=

B 0L FE 0,98 02 o e FEBIRA N o K RS IR
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a3 ARRAGR S G 3 TR RS (oirkRIRE) 0 €3 AT
BT 5 607 - R Bl E IR R R B 02y frZyAp BE T2 £ B f%ﬁn« » %
APHE TRECE M Glde R B o APB TRBCTE g U o R PR T

ARBE Gl s HIETR S A A F e < JIE
2-4 RwiE" T ETREF AL

EXEH @Y iR TS LT AR T AL 0 R
BEEINPFTAETIF TN T EAM AL EnS R TETR

i B FERORALE G R - HEARA B 0 A ARET LT

a)

¥

Moo bt AR i S F 44l (quality control, QC) s HpF e 70 2EE S
Foaig'f ~ b H237d s dp iz 4T~ kBB BRI frRREBE

At ohn X Qe ehg & > H R R X PR aphin £ 8 B

oot AP ER S RSAE0em) * £ f R 0 #-H & TEAM-R &Rl v
RO T P - R RO RERER A F AR A o a BE- kA8
ﬁﬁwb Ilenw gk o fﬁ@w?ﬁ“VWAKEZS)
AR AT Bed 2.2 907 o T RBBHHE - BH R
e

&wl:&fkkéﬁpﬁo
(2009441, @ X BRFERFEERIL > T EREe S R

92

EEIHFAT L RALF RF o o T AT RF DM A T

W
4
o

QQHT’fﬁﬂ*pWE&UQéWﬁ%ﬁ%ﬁgaﬁﬁﬂg,gax

ABETEALEE - FP ) BERRE-FRE® 0.9 F FPEED KRG
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FogE L g e Flpt Ay e @ 4l Bde(o  >0.9)F FREE

Step 2: R #-2 374 (unfold) -
G 2R R FMAREFRE I 47 - (L 2-28) -

Step 3: ZE4p = £ (Ow)2 #74(unfold) 2 2 T » T ¥ 35 5 Kpp °
F* & (2005)57®DP5%§'/@EJ_"‘> %2 F1(2002) 0 17 BT S 3N R E R

(unfolding) O, T T {$ éﬁCDDpiézL_%I Kpp °

1
) b

EFERRY O FEFTRAETERINTEAMA L h kK LR

7
EXDTRA L BEERY X AF ARFRROPE T S FHE

FlclE > AP EHRT BB TS Rk o EF hZyfrlprd T Ao
Zy = Z9PS + ZDBias + Ay (2.8)
Zpr = Z3BS + 7Bias + Ay (2.9)

VASRVAENE & IS A MYARSRVAL SN & SRR S N S VAR s

£l Y ZH N ZDRL—%’% iﬁ\:i °

Step 4: Zpr i B3 1
# * Gorgucci et al. (1999)# 41 ¢h-% H$ (vertical pointing) = i -
Beh BRI E > ]l adkREaT 2T 270 ki d Hf Lk o
PrREfggdrt e indanmg o daF lafl TeaFH i q

@%@,%ﬁgggwﬁiﬁﬁ,@@mﬁimﬁ%,%uggguwi

# (system bias) o A& 3 € * 7 = £ 238 #4 (1207 ~ 1321 ~ 1418UTC) »

o) 2.6 “rF 0 HEE Ak SZpp ek Sk A BT ¥a15 9 4 -0, 45dB



Step 5: Zy, ZprE R B I o
J1* Bringi et al. (1990) ¥ thdc® i3 r = 2 3 RFAfrAyy @ 3+ 8

IDE I e

Ay = au*AD (2.10)

Apy = aHV*A(DDP (2.11)

HiE A Bk e F R TR SR { P - =G ag=0. 3329 -

d yv= 0.04499 - (@ 2. 7)

Step 6: Zy i im#B g
41* Vivekanandant et al. (2003)# 1 e1Zy, Zpg, fvKpp= ¥z B %50
PEZymA B I o 2N e
Kpp = a * Zy * Z3 (2.12)

S A OF RIS R F e R X T i a=1.1323x10 " b=-2. 0389 -

A RN (2. 12)BE 18 > T H

Zy = 10*log( ) (2.13)

BEST SRR S DS Ky p e Ipp (B 3 S Zpp & > TR 2 9) R
& BeZy (8 2.8) 0 B8 2.8 BB ERE > FiF:

Zy - (Zﬁbs +Ap) = Z§* (2.14)
Bt PE - O b AP R 5 (1423UTC) > + N Zyfe(ZR° + Ay) > A K

A B TEIRS o d B BT L NI R A 6.5 TARAB R

¢ 7Bias=6. 5« (] 2.8)

i3 z'J :é- Jl E'ThZH’fE'ZDR °

B I R E S (2.8)(2.9) T WS
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$2F TRRBLA E ARG B FO R

3-1 Liou(2012) 4 § ¥R F & R

N FERREFETEELL DS E > T T RSN AR R T

?J¥ﬁi§‘f\ﬁfﬁg/ﬁ", Fa ;‘LE e BT 'JE

‘m&}

= R e B ETEL A
RO XN ETLRA L oS FTHEBRPIOEL A FTRARRE FaR
TR Bk o LE,T* LR BT Eh HE ik (base line)R* 48 - 8 ¥

SRS aZ AR TR A Y % * Liouand Chang(2009) % Liouetal. (2012)

Liou and Chang(2009)#3 d1en= 3 E 4| % $ 0 chP s s = b 30 gt
BERHES 2 T AN R (1) R A (base line) it &% & iF
%W{o@ﬁ%%%@»%@&ﬂ%?éﬁﬂ?ﬂ@ﬁ@*%@ﬁﬁ&%ﬁ
PR EE e (DT A FEFTHE I R 2 BT EE IR B
B AT ERRT AR (5T FFS B F o £ LR
BORAL & T EFEER A DT (B)F i 7z b H7 L E R
*iE

(e 30 I -

™

VORI e g o H4Re] I B S #Bic(cost function) e
J = Xh=1Ju- (3.1
SRR HE Fyms et el Bl £ 51 < MR R IEE o 0T MRS

=By LFEeE -

S =Xia Yy Y a1, (Tyie)?. (3.2a)

(x—PL) (y-PY) (z—Pf)
Tiie= W) — s W T T e (we + wry). (3.2b)
= Jc—PD2+ =B+ - R, (3.20)
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¥ AN (3. 2)F o I B E S R B R ez AR Fak 0 R 9%
it R BRI (V)L B F b B v w2 F AR e gt
SRR ENETE > » F RGBS AP RE o (PLPIVPD A H

TRFENERFRDEE i b3 pRESFTEFTTIEYR 01 - L 0 &
1 1

ETERFTE S o Mla i 05 wpi BehiEd > v g ERBIGw RE- K
s 8 FT o

J2 =Z§=1Zx,y,za2(vt_VB,t)2- (3.3)
Yo LA BT BETFF VR T MR T EFT R L S o A3
FREFT R RY -G H A A FE T E R R ERP TR AFL Y
%% NCEP FNL £ # #7353 F 4 > & g gLip|p T ZRA T @R F R 5 o

a(pu) (povt) , 9(PoWt)q2
]3 =2?:12x,y2 3[ — + a(;}t + aOZWt] " (3- 4)

FERAORE AR B FREAEB G AR 0 i 25 RAE AFA

Fﬁﬁ - \Zl'vlgt °

W du  Bv, @wdu 0w duy
Jo = Bayr o+ G 4 v 2+ w4+ G+ N (S 4+5) + Gror — 251

(3.5a)

v NG D)+ G R G
ov u

&= (a_ 5) (3.5¢)

FEIE L EAR SRR LT FRSAR A T RREITE AR o
(3.0 EERELFTA BTN hpFfF I35
Js = Xio1 Zx,y,z as[V?(uy + v + wp)]? (3. 6a)
2 0% 0% | 9%
V= a T T (3. 6b)

% 1 78 5 £.4 ##r(Laplacian) T 78 -

Jo = Xi- 1“6[ ny(wt)top] (3.7
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J7 = 1“7[ ny(wt)bottom] (3.8)

FAWE R L T RERER

B - BHRERE S B E SRS TE L F R R
wEEFRiEEnz Ak F (R 3 1) P ag~ag A F - k7 ehipld s 2o
HigAwio$- B 1x102 (FEREFES  &FHABEAF) 7 ol
B Pl 5 1x10% 5 ap=0 5 03=4x108 5 0, =4x10 ; ag (VK T = v )=1x10""; ag (-
3 % w)=1x1012 -

¥ ¢ 5> Liou et al. (2012) 51 » 7 Immersed boundary method(IBM) =%
A b A VT ou T E LR (flow region) 878 £ T % 0 AH B HuE A
% Pl 2 & 5 ghost cell(m® 3. 2)0%}%’ WEH R F O iE- H Fd 2 ghost cell
PR EREDEG TR E T E‘E%ﬁé PR N RE M Ak RlkE
ME R o IBM s » R 5 FE £ 432 e BF SRR o

VIR ER AT 4 > TR - EpRiTAR R Az R B

AP LEIXAFLHFERL: - %EP s »d 40kns L 6lkn- % s
mmp@ﬂ41mmoé—§aunmmﬁ%%%®,2%@mé§ﬂ:w&
TEAM-RA @& > a5 2287 a FER s 7R (B 3.3) - 372>
KT 5 lkm> £32 5 0.5km> # ¢ %35 5 0.5kn®] [5km> £ =+ & -

PR SR FHDERALS AL 3710527 2 ol ~ (Input) I & 27T

FTEFTHEIREE- AR Tdlinm(L 2-2 24 8)  BEFFIEF
E A B LT RS PRI EF G R S L T
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PP S 2 €F AFE 0 @ A% 2P SO QITE > Al PRI F-FRF

T F ST A% NCEPFNL £ 4 45358 » FREBIFAR S 1°x1° - X5
dREEE AT RPN L REDE A AF Y RS9 Y 19 p 06
UTC 5] 12UTC > F]lm & * i&h L F i A 95T » ST RA 78— H P
FEIF 30 km— B BEY 0 WE A2 ERIEOERERBFE T LTI Y0 o

foAiE- PR 0 RSTR e R (A R Ee ) Ft s £ E R
F E el (B 3.4) o Flet & 07~110TC # B Hentl it » % #3406 UTC
2 12 UTC 8 A& 2 eniR BLF 5 AP 1 MU 36 > 1 ) £ B preni & 4735

FAL o gt 2 2 B L EPEF L € RIRITE R b H o B ARG s gk & 06
UTC et b 22 12UTC chos b b AR5 PF > g P 3B D X33 ehh » BT 8L - &4
g & o Rk A o

Fle 3 E P AL RN E (0.0kn) R EE R > FletfI* & B H50v
BEFEA LT S ER o Fikd NCEPE A48 A N ehTR 3 RE TR ViR
TFeOTHR S AT MR > 3 FHLRTER AT RETHE &
pLAVPE R A r G BB TR E A 1T 0 B3] - 2 R I8 (local ) #F

e B H-o

3-3 #& 4 FiF

%

AFS L Sri B F ok o 04 Gal-Chen(1978) ¢ i# 5 A 3 -
B R4 PG B &> 4238 (Poisson equation) » ¢ B R gt v d FiE
BB B i o
Ao F R AERTORESIRT AT 40T 0 B0 2w E F G H:

1[ +V-Vu-— fv+turb(u)] LA (3.9

Ovo dx
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910[ +V-Vu—fv+ turb(v)] Ziy = —G. (3.10)
on’ 0 _
911’0[6 +V W+turb(W)+gqr]——E+g909v0:—H, (3.11)

S AR Y o PR - FT & AR ¥ A & ik (base state) s 0 TR0 B &

Vfﬁi%\»u,v,wifﬁl»\:&ﬁﬂk; f A%k gid? W@ A iR k7 2R
£+ (rain water mixing ratio) ° %ﬁd SEBERw A G AN 1DR

chgq, TR A F4 5 S turb() A AR PIE > FAIF St 2 E R o
ThH R F R > Terg chen Exner function v e E A 5
b R
T = Cp(a)cp. (3.12)
P PLF R Pyp=1000 hPa> R E_F & % # > C, & /B # (specific heat

capacity) o ¥ ¢t » 0y % h /8 (virtual potential temperature) iz & i ;
¢ 2 % (virtual cloud potential temperature) > H e 3 » 7 -KiT %
FOREDT R o R E 4T
0,0 = 0,(1 4+ 0.61q,,). (3.13)
0. =0+ (0.61q, — q,)6,. (3.14)
Bt o quo & kAR & v (water vapor mixing ratio) ° g » Z kiR & v (cloud
mixing ratio) °

ARl @@ EES B FA G D@ 1) #FRF~GHe

AR -DREEE BT R R 3

_ on' 2
__”[(__p) + (55— 6) 1dxdy. (3.15)
g€ #3:
9%n'  9%m' OF = OF
T o =— o (3.16)
‘;_’: —F. (3.17a)
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o' _ o (3.17b)
oy
A6 @ AR A AR P R 4250 - 0 (3.1T) 5 Neumann £ 7 i

BB r XY G i LB R o d 0 Neumann g B 6 & 0 B 40 5] n

R A 30 ded #3160 (B DT R - fam — () v R

f
EE SR KT T £ 0 o LI iR o BF - e
() E A kR R EEHES RN TR BT ke —(0)

TE AR RS R AP KT T £ o 2 E B R AT A
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> 07TUTC: & F fliciLa # h > ERe A d-La L% oot TEAM-R
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44 SEREFESBELH
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Ak b A na b (~30m/s) o

» 07T UTC> h et - @ | pFsgiy > &3 Feanh SERBT o & F 50
endo kAR de LT 2wk (clear) & o

> 08 UTC- FERER @ jds » £ b d RIAZ T a b AR - AF 1§
Blav il b AE RAY - s T F > Lr A F AR LT
A% (clear) e e BlA& F > *hjachd a4 b b i 2033 (~20m/s), ¥
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a2y P 2022l o BV TG A S kgt 2 g
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k- 09 UTC AR & i S E AP 7R AR
7 %k AT o

> 0948 UTC > Frera A #Hd > B o= wgd x> w20
2yt 102 LR o HRFRDBHES APE RET SR o
s > TR AR L EA Wk b H S AR g - R o vEI ALY

G enw gk o TG i AR R FR R o
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(clear) % » ¥ r 2|47 RT3 o B 22 20 13 0 PRegeh- ] & o
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KT R NER FER(B 4 10) FHFREMRFZ2 S F 5 P EDRE §o
PU5E R PRAERE R R Y S HEARe B Y o RS R R g Y 2 D RAE S - B
PEYNFIERERAPEAR AL T AR E A F(LE L9 FES

piu)

<o b SEREAEIEN o H %447 2 Rankine vortex s o
Rankine vortex #iEK i F /i 2 &3 & F - ¥ @ B O F BT

d - BEF2LE(o®wA 5 %P ®(inner region)%* ¢t % (outer region) °

N A B (solid-body)*Ed gt 23 B A (— =constant) s F]pt 7
e B4R T ARSHE R s e BEAE o ¢ R R 0 & R R (potential

vortex flow)srgdid: 27w b F 30 AR$HE P YT B o AT Y P 0 &
* b % iR B 22 Rankine vortex 4p§ #F 00— B P S AT
b ST e BEAES BB G 5 Pl R B HREZ (S 0 b PN S RS &

MRS 33 o
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(~bm/s), = F a FEEF T IwES (~4dn/s), FF ;PG R I3 T TEFH
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B 4.15 5 RS> B9 od RADFER B RAJFER 2 LEFD
BRFTHT ZAITEREN  DFEA LIRS LFROEE > AR 2
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EERAT S RFEIEHHNLE FRABE L FRELL SR PTH
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F14.16 5 i * 0601 UTC 2 0609 UTC & £ pFf¥ s & b 3 » #43- 5 41 %
HF R A AR AT AR e T LB AR B EUF R R L B Lk p 0T

oIE (B 4. 16b)enfjer > @ MEREE & P 2 42w €& £ 4 (] 4.16d) -

4-4-T = Bh F+2 3G

Bz Ak Far e o VEIRSIE LR i

(1) &ses 3 pEdh (06 UTC), & 285 P g™ iwi@d (B 4.17) -

(2) tif sz 38 (0948UTC) » + = F & fied o *F BEAL (Ap 30 IF % w0 ) »
P b o T B > 35 B 45 Willoughby (1998) #& &1 e £ 050
i A ST B G T HFR - BT EEEL BRGSO B R

g TRt B (] 4.18) -

(3) tefeda; % 15 (12UTC) » P+ = 253 1 R chig + 28 6 (]

4.19) -

4-5 #b& 4 FFEELAT

Bk omeriEplenz Bk HF(4-4 ) &) g~ H i Gal-Chen(1978) i i

el T A

29



22T X F o AR RS SR SRR R B R
fvo B4 R R - ok anip it R HRELE Y vt B S
Pegh g - (B 4. 20a, c,e) ©

A522 535 L B EREMNT AT K AT RPN AR LR
BRIGAPHME o 2N EFAa N P SApgans friv¥ (cooling) @ @ fiff P
< (Be b P2 ) B EAp 4 ehde £ 15* (warming) () 4. 20b,d, f) -

BERA Fha et e (B42D7 2 aify ok > ZHE

v

R A e REAF R P EARHOF R 2 090TC B MBRFRE § P
Benk o o BRI Rl o RN VR TR S ER RS R
HT SR e te 12 UTC ™ 125 Bk R4 8§ M AT H 4 7R 0 PG
A e iR A

BEFERS s P edD 3o (B 4. 22) R BT 4 Rl g g
(warming) ; = RIR| 5 49 s Frie* (cooling) o oA F — i kg ¥ chgdjic
A e F pEH (06 UTC) AP 13 i 5 &3t M R >/ B or 1+ K 3 B
EARBFESA2UTC) > ApHBER R A FHE R - L ed BRY RS
GEFRA LD ERR R -
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A5
I

F OB A FAEA F kL R

AE A% 97 19 p 0000UTC 3] 2359 UTC =3+ 24 -] = ig * @ i ~TEAM-R

£A SRS A FHRBEITRA P IO R R DAk A R

ST oo
B-1 & 5 3 R F F & i e A

Marshall and Palmer (1948)% 4% &\ & A jcs # 4 - dp 83l i 4~
* o 4e(5.2)5%

N(D) = Nyexp (—AD) (5. 1)

No & % #8000m>mm™", 5 & jf kit~ # > 42 ge(intercept) £ % ;

MAL %A Fhd#ik (A=41R%?1 mm™1) 5 & RIS A T S gl &

(slope) $-Bco R P ip BRI X2 G P2 = 2 F P A B RIS 5 B1E

AR L RjFE SR Fengy i oSBT S L & o3 F Ulbrich
#

and Atlas(1984)# ' ¥ — B (B &+ {4 )4 # A i : Gamma 4~ # ;

N(D) = NoD"exp (—AD) (5.2)

Wa & FIXnE o Mg T A kT A T Ak (shape) o Rk %
&#ﬁ&&‘# A7 = 2#kHGamma A F 0 1L iﬁﬁ’{/ﬂ\‘# 4 o) /FZ‘J‘

& f A o
oo F SRR TR B AT B eha F & G RUZA F N(Dy > 1% Kozu
and Nakamura(1991):7= ;% » Splip] e JF 3 & 4 # N(D;) % & 3| Gamma

At L N(5.2)7 hE#ENy(cm™ M mT3) s A(lem ™) % p(E Fl =) o

M, = f,  D*N(D)dD (5.3)
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My i385 % g S DR A2 e KfE A S8 D 5 & JF eh2 2 (mm) °
¥ T & Gamma S0 #k:
I'x) = fooo t*~ e tdt (5.4)
'x) =(x—1)! ,when x>0 (5.5)
Bt (5.2) " »574(5.3) » e (5.4)% 4(5.5) FMEBE T A E EAR
s
Mx = [° D¥*IN,e~APdD

No
T OAXtR+L

j (Ax+p)DX+uD—ADd(AD)

= f (AD)**ke~AD{(AD)

Ax+u+1

> M=

Frx+p+1) (5.6)

Ax+u+1
HEE7 P a s Sl {17 A FFROFTHRINDD) A » 5(5.6) » R
)J—EJMg M4 M6 ’_'__ ‘\‘(5 7)‘:} M3 M4‘M6,§f‘_‘%\;:

M3
MZMq

G =

(5.7)
#8(5.6) % ~ (5. BT TT 1§ I 5ER S ¢ Camma ) fi cha iF

A F Ny s Afepz B R

_ 11G-8+[G(G+8)]%5

2(1-G) (5.8)
_ (u+4)M3
A= v (5.9)
AT,
0= T (5.11)

Edoa s RePTARNDD)®E » 2(5.3)3- E My~ My~ Mg o B 35 2 i
»FGT) gl $G DR BT £(5.8)-G. 103 E S - A

R s e Gamma A F 2 = B Selice o B d = B ST E S ahR JF D

Gamma 4 # 31 #N(Dg) B ¥ #* % & & R & BLip| | cha jf 4ie 4 % N(Dg)
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f]f"_ D3N(D)dD = = fDmaXD3N(D)dD (5.11)

HRERLF AT Dot x A& A R fAr FAp$> ] Dot %
% A GF o Do BN A R F RS A T AREY A Do S e R F o H
£ B dd R F Rt A F T4k E b Ulbrich(1983)# . %
Dpax AR T30 8 A5 pF > DT AT E &
AD, = 3.67 + 1t (5.12)
Flet A1 34 (5.8) ~ (5. 93 diepAgE ut o~ 15 Fer Mg D e
Fobo Nogf 3 at (R2 b 2 A F Bl ® L7 5Nl g ¢
T RGN H S R 2 A g RS BT 4§ 23 Sl
Fla g * PR D o FILRFAPIR T - BN DR GFREAF
K3t 0 T A A oo Gamma A~ # & T HRE i (normalize) s (T o i *
Bringi and Chandrasekar(2001)# 1 &= ;% > sV i 38 (5, 1)1 * 74(5.12)
By - A
N(D) = NyD"exp [—(3.67 + ) DEO] (5.13)
Bty et e S 8 [(mm] o ¥ P AR AR ZE (liquid
warter content, W, # = :[gm~3])

_ —3 T pwNol'(u+4) u+4
W = 1073 Toullin) (5. 14)

Hep,agfi-kga=1[gem™3]e 4% 54(5.13) ~ (5.14) - RIHE& i+ N(D)

O 3 = X
YA AT ;r

Nnorm(D <1O3W> N(D)
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6 (3.67+ M
T on r'(u+4)

(o)"exp [~(3.67 + 1) ] (5. 15)

6W103 (3.67+p)kt+4
mpwDg  T(u+4)

N(D) = () exp [(=3.67 + W) 3]

_ 6W103 (3.67)* (3.67+pWH**
" mpwD2 (3.67)%  T(u+4)

% Willis(1984) %7 2 & ch# E 48N> M 2 — B & Fl= 2 Sdkc

(2)texp [~(3.67 + W] (5.16)

f(uw) » T&E 40T

(3.67)* 103W

(o) (5.17)

f(u) = —&_ o7 (5.18)

3.67)* T(u+4)

Ny =

#-3(5.17) ~ (5. 18) 1 » 34(5.16) » ¥ F PR v 15 et 3
N(D) = wa(u)(D%)”exp [—(3.67 + ) DBO] (5.19)
» T AR A T T A5
No = N, f(u)D," (5.20)
NoZ Ny b 5 324 F otk b % oh— B %8k &3 b i Noehl -
(em™""m™3) ¢ £ Pl > F > NyF - B fi 8 o8 = (ecm™'m™3)
£ SBpen o Fla Ny, 7 B = i F BERRE o
B Rk EM
20 BRMAE (D) V- HPFEEF > L FENG AT~ (B18) 0 7

BN fe f(u), £ #3E # 5hDg ~ Ny 2 f(u) o fie & BRI TR > &~

\F“\ﬁ

T G d BBIE AL Tt B IINg A p=

\\\f;r
=

9(5.19) » @ ¥ B3 & jFp s~ # ND) o
B AR AT HEARFRESFT TR Y chT - BER S8 FEF

£ T 153% j% (mass weighted average diameter,Dm) > ¥ = % [mm] > 3+ & =

fo N(D)D#dD
m fN(D)D3dD

ADp, =4+ (5.22)

(5.21)
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Dy = 1.619(Zpg)***° (5.23)
§ 30 (5,22) ¥ 5Dy 1 JFHITP BAEAEE EDg T AR S ¢ BARAR B LD, ¢

X (5.23)F 40 DB Zppt - 2 BT o

H-2 R FHRBEPIZ R FRELF

g © ieh 22 TEAM-R &b & G 3 GBLR] & JF R4 F S8 B BI(BS. 1) -
EFMA Y G R PR T ) & 0600 UTC 2 0900 UTC § = ] p*
i A ) o A APl SR AT 29 19p TR E (DY hE EH A
0.5~2.5 ([mm]) » B e %8 (N,)HE &5 4> 2.5~4. 0([mmtm™3]) - k&

B xbing Bt TEAM-R 354 P B <58 % & 39 (1000UTC~1200UTC) » F]t 2
TEAM-R b JWD § $+ e jf 423 (D) > H 4§ o JF 34 B B(N,,) -

BEEFE AL Dn-Nwic# B > 4cB 5.2 #77 > i Dy, 0 i Ny, » 30F
Be o BEER GRS ERESZPA R LR NPT RY = h
|3 ARfes T oAk 2 4Ee Bl 4 Bringi (2003) f7 & iR A 2 < A
"k s R o 3R (2009):8 - A A 45s 5 Bk (2004) 0% & ) AL ()
5.2) e Dm-NwHz# Bt A RFEAZHINFEE P F > L f AFHERDT R
AR B RARRA RS A A F REA T FRRE > 2RI AKRE
Bl o A F BER T AP BR R T A S R R E AR s
fo ot Bl Bk o RO RS RS S 33 AR -

hABRAFHREREE D Dn-NwicH BI(R5.3)7 ¢ #F M HERiny
WEEAE 8. 3kmed A A F ko AN DSD £ B o TEAM-R =5 i & 30 i
X D, RFITI A FEAE IR ER T ELR] e 3R] D, 0 PR IRA e

AR S (E RN S E Sl LW SN
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5-3 ik § i $HcF R IFRLA T 2

0O R R PR A e R BT > A FORD R RS e F
BEEMRADZEIZAEE L HRR L0 BT A PR FREST TR S
(ARSRENTILENCN TR 5 S NDI I 37 S SV N

KFEE % A FAiE R W 2 0 5 Zhang et al. (2001) 12 % % (2005) %+
AE - BSIPE S S TP S 8Zy ~ Zpg ~ Kpp» ¥ BEF FRE
oKk Send F RS A F L Gamma A F A B o BB R RS A T Ak Sde( )
BRF AP AM % FFF EERIfET 8 Ganma ] i A F AT A
h= B 58Ny w ~A> £ d A FREs Fahpae-HEhE1Ea

5K T A e o

x &

Ly

Zhang et al. (2001)F1* £ 5 & jF 3 REP FH &k F /% Gamma DSD - 2 3R
FFRTA F AR Sl () B AT Sl (A) 2 By A anl koo B (2006)E
~ Bt p- AMBELE A R RS RS RUAELEA I PHLE - Aa
AR T - AR RS A SRR TR R R RELRI TR (2 R F R
Z xR &d & (fitting)F 3 :

A =0.0081842 + 0.6991y + 1.229 (5. 25)

5 ¢b ot Gamma DSD ehiB3K ™ 0 Zy ~ Zpg ~ Kpp® iF 7% 4c 7

1672 Dmax | —AD
Z 9|K|2 Z:Dmm 4_71-+(m2 1)PI D quDeq (5 26)
Dmaxpg | mP1 DH,e™APedAD,q
Dmin =~ €9|4n+(m2-1)P/
Zpr = 10log - 4 +1(n2_11)P (5. 27)
2 2?1)1( & 4m+(m2-1)P ng _ADquD
nko Dmax Er—1 _ er—1 L —AD 6
Kpp = No Re {ZDmm [1+%(1—/1z)(er—1) 1+)lz(€r—1)] Dgqe quDeq} * 10
(5.28)

¢ £ ADgq = 0.01mm * Dy =0. 3 mm > Dypgye=5. 4 mm » 3+ 3 3% (5. 28) ¥ ik, B

pE B ac ([m]) 5 H o 30(5.26)~(5.28) 7 e g s g A 2 5 ([om])
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wHiomD, ui«z\ FAk FE AL o Mmms H oo
AFE g A WERT A AL B () 0 % - BE_E3* Brandes(2002)
# e
r = 0.9951 + 0.02510D,, — 0.03644D,,* + 0.005030D,,> — 0.0002492D,,"
(5.28)
% - B RIEd Chang et al. (2009) 583+ 587 & e h Hp BF ok B 38 &
WORELR T AL B N k- EATR F hE LR (5N
r = 0.98287 + 0.04251D,, — 0.03344D,,* + 0.004340D,,* — 0.0001922D,,*
(5.29)
FOF RS SR B D kiR Sk £ w2 o DSD Sl BT
i * Chang et al(2009)shgih & v > fedie* e+ (Dy>2.20) &% & 7 > & B>
Brandes(2002) shgh & vv 5t 43 & iF 1d % e F (B 5.4) Flpt A 2 AT 7 B (8 3
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(a) 100919 0601UTC 4rad syth. Height=1.5km
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(a) 100919 1201UTC 4rad syth. Height=1.5km
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(@) 100919 097 p-p0 Height=2km (d) 100919 097 theta-thetad Height=2km
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2010/09/19 DSD cbservation from TEAM-R JWD 2010/09/19 DSD cbservation from Jiasain JWD
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TEAM-R Dm-Nw scatter plot Table:BND, INT:WID, NO:ZHEKDP
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2010/09/19 DSD observation from TEAM-R JWD
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(c) ret. vertical velocity (RHI)
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(e.1) obs. VR(PPI)
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(h) ret. Rg,,(RHI)
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(a) Zy(PPI)
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(b) ret. Zyx(RHI)
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(c) ret. vertical velocity (RHI)
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(a) Zy(PP)
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(c) ret. vertical velocity (RHI)

100919 1200 w and 3D wind field field projecte to TEAM-R RHI 210°
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(d) obs. Zg(RHI)
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Instrument

TEAM-R ( Taiwan Experimental Atmospheric
Mobile - Radar)

Instrument Type

Mobil, X-band dual Doppler polarimetric radar

Measurement Doppler velocity, spectral width, polarimetric
variables

Operated by NCU

Platform Mobile, flatbed truck

Transmitter Klystron

Transmitter frequency 9.620 GHz

Transmitter Wavelength 3.12 cm

Transmitter Peak Power 50 kW

Transmitter Pulse Width

lu, 1.5, 2u

Pulse Repetition Frequency

3000 Hz (max)

Polarization Diversity

0V

Transmitted Pulse Package

Up to 4 pulse width

Antenna Type

Parabolic reflector

Antenna Diameter 1.8 m
Antenna Beam Width 1.4 deg
Antenna Gain 42 dBi
Antenna Scan Rate Max : 20 deg/sec
Receiver band width 10 MHz
Receiver dynamic range 92~102 dB
Measurement Range 100 km
Range Resolution/Gate Spacing | 125 m
Number of Range Gates 2048
Number of Samples Max : 1024
Data Recording I, Q

Variables available

Reflectivity at horizontal polarization: Zm
Differential reflectivity: Zm

Differential phase shift: Phidp

Co-polar correlation coefficient: RH
Doppler velocity: Vr

Spectral width: SW

# 2.1 TEAM-R § Z 8% -
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Stepl:
BE AT SHF R
i€ % B Chic(pllV >0.9) % T EE

Step?:
TR N ERF2 74 (unfold)

3&'_ i‘b‘ﬁg —E?KDP

Step4:

31

2z

EAY tlcal pointing modes #LiE
DR #% 2 & (Gorgucci et al, 1999)

Stepb:
g 4p R Ap = £ (dDP) » K NZH, ZDReHHE k 2% B
Tt A
(Bringi et al, 1990)

Stepd:
{ £ 2 4p =% (dpp)2 478 (unfold) e 2 T 3§

Stepb:

d Vivekanandant et al, 2003#& ) <79ZH, ZDR, fr
KDP= %dc2 B #2583 B ZHE A 2 o

£2.2 BhiE" §E TR TdAILT
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G TAA FRART
06, 12UTC NCEP
» E AR AL
e g 2241 (Q0)
06, 12 UTC
AR 7
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BT [ N N 12
TIE P e $R4F 7
;?\TM e de xR PEE G OBLIR]
%% % ¢ (CAPPD) FH (T EA)

% 3.1 Liou et al(201)#& en s 2 & 23 2 v ¥ mfed o
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