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The precipitation characteristics in typhoon Morakot(2009)
over Taiwan’s complex terrain revealed by

polarimetric/multiple Doppler radar

Abstract

On August 8 2009, a few east-west oriented rain bands of typhoon Morakot
continuously re-formed or were nearly stationary in the Taiwan Strait. These rain
bands interacted with the terrain when reaching Taiwan. In the same period, due to
the terrain effects a north-south oriented band persistently exhibited near Central
mountain ridge. These rain bands brought heavy rainfall and significant damage in
the mountain area. The present study collects data from RCCG S band Doppler
radar, RCMK C band polarimetric/Doppler radar and surface rain gauge
observations. An advanced multiple-Doppler radar synthesis method is applied to
determine the structure of the rain band in the analysis domain and to study the
orographic effect on precipitation.

From the results of wind field synthesis, the east-west oriented rain band was
induced by convergence between the north-west flow of the typhoon’s circulation
and the south-west flow from the South China Sea. A belt of strong wind
associated with the rain band was strengthened by the embedded convective cells.
Then this strong wind belt extended to the mountains. The radar reflectivity
observations in the mountain area can be described in two conditions: (i) in the
northern part of the domain where the mountains has relatively gentle slope,
precipitating systems moving eastward toward land maintained their strength over
the slopes; (ii) in the southern part of the domain where has steep terrain, deep
convection was developed by the uplifting of the cross-barrier flow near the
mountains. The strongest reflectivity happened on the windward slope of the
mountain in both conditions, and weakened in the leeside.

From rain gauge observations, more precipitation distributed in windward side,
it reveals that Central Mountain Ridge imposes a profound influence on the spatial
distribution of the rainfall. In the windward side, the rainrate increases rapidly
when the cells are transported into the areas. The average rainrate is more when the
height of the area is higher due to the uplifting by the terrain. Finally, we estimate
rainfall quantitatively by using many dual-polarimetric radar parameters, and the
KDP(specific differential phase shift ) has the better results.
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#]ﬂ,l}:B;g?xi B> R FrEAHF 4B 31 1 o ¥ ob s AFE

TR T (UTC)IT L PPV E it (7 £ S0 8 B2 A 45 o
311 = mm B g

SmFHEY L F R AR PSRA(RELA ) BT g
120.086 A& ~ A #23.1467R > # & 5530 ¢ » A - A HFFEF L - A L4
£4 4 B PE 05 14°5 2.4°3.4°43°6.0°~ 9.9° 14.6° 19.5°
£ 3w (ZH) ~ 2w B (VR) ~ i # 57(SW) = B S8 & = 3748 @& & (Nyquist

velocity) = 21.6m/s -

i

312 B2 RRHEtR BF
Bopgmisitgm B2 A7 B AC- (LRSS &) iR 30
BEado L 5119.63448 ~ A 9235629 B 0 B R 5480k > FREFRFRE
Fea- A 24 15 - BHFarée 105°1.4°24°-34°-43°-6.0°~9.9°~
14.6°~19.5°~25°> &+ $74% i & (Nyquist velocity) 5 37.18m/s- "f 1wk (Zyy)

e b (VR) ~ L # 5 (SW)= B S8t - B 7 73] £ R & 8¢5 (Differential
reflectivity, Zpg) ~ £ £ 4p i~ Z (Differential phase shift,®,p) ~ 4p & 7% #c(Co-polar
correlation coefficient, py,) ~ v £ £ 4p = £ (Specific differential propagation
phase shift, Kpp)% #hie it S#ice 1T S ihimt 28K E & 45 ¢

1. % 2 & &t (Differential reflectivity, Zpg)
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Zpp = 1010g?’75 (3.1)

Zyy & kT F Stdp c(Reflectivity) » - 4 A ST Archw s R o 0 5§
bR B RALR SR G F RS E I OT AR AR 0 TRAE RFRES <)
H1A S AT s KT Rk TR A AL 5 i dBZ =

10 log Zyy © 12 > &8 F 545 (Zyy )R 5 L8 -3 #2fc o £ 8 F 545 L
WRE (Zyg)feE (Zyy) > o7 E v aont @ Ei-5dB &5 47
Nde(3.)c £ B F SPEE K o3 fa s feask (B ) B F F drk oS
A RE R M Mo A A F G TR LM T
Zpr REV&75 jF s o] > bldeo] @ Flena jf & Ak E > BZpp 83T F 0 5 A

<R GFRESH 52313dBZ -
2. % 2 4p i= £ (Differential phase shift,®,p)
$pp = Pyy — Pyy (3.2)

@B ZREAPEE T L R T e E TRAM DL R E E LR F <]
Aok BB R AP Ry Moo §EF M T EAL I BHE
(propagation effect) 2 58 » S % R B Pk T ARt L B3 ¢ bt B L5 4

b A2 RTELT 3ol BipinL o

3. £ B 4p = £ (Specific differential propagation phase shift, Kjp)

(3.3)

KppRl B Z R Ap = 2 SRR PP F > BN s F A w3 ra 5 LIEPF
SRR o § Z R BARB P Kpp AR~ 5 2K & M| 5 o] chKppE o Kpp A
dTEAAEEDN ARXRRERERE TR LR

4. #p B 2 #(Co-polar correlation coefficient, pyy)
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Ppy &t il FREmRART EEPIIKT S ¥k (Zyg) B L2 > vk (Zyy)2
Fep b 12 > B0k JofF endih g (Bldeajk ~ < o] )ApiT > RIBRI B vk
T oA A AR MEE 0 Plpgydt o FM A Fendp B B < 310.9812

F oo FE P RKR AR R B AP M TR EBR g“%io.gi‘é °

a

32FEFHEFTEFHARE

321 &F

o
s

EfI* GETHEFE AT F ARFF R R FAT L i
ﬁi#ﬂ%%oﬁ%ﬁﬁ%é?ﬂﬁﬂiiiﬂ*ﬁi*%%é?%i&ﬁ
Fett B g eng i TR AR 4 8 (Radar Kit, Rakit) » 7 £ sk e B 27 h 3
éﬁ%’ﬂ?2@@§mﬁﬁuz%éﬁ%&%ﬁ&é%{@»ﬁﬁu—%
JERBEFLITE 0 AR F A B 2 A R3S Bt B8 2
BRFTrzd  BEFLEASNPBICEFE D 2MNREH R D o A5 530

REBTERREFER P Rw R E S P I BT SRR B oD

o

4

SR EITT RS A AR E s R BRY  RTEE f S P g

B AR 2m/s ¥ ow gk B+ 3t 45dBZ-4p B Rakit [k LA BT R R HERA -

Foho BAFHLEREL S PG E > J 0 Chand F RS L FITE

A B RERFRERE B Sl DIBEPREL 0 F T A e

oo B (2010)4HE R R BREFEREN FEBEFTB T 0 JIL AT

lF‘b

F13.2 57 o5 £ 41t thlicpyy 1 0.9 165 B AF RIHLE R Zpg b
seimAr £ 5 0.382dB v Zp 2 Zpph R B R 1% A F R FEEKpp T RILH

%o 4r(3.4)5¢ ¢
Ay = aKpp (3.4a)

Apr = BKpp (3.4b)



B Ay~ Apptn B E o %R o a f5 AL Al A u 5 0054 2 0012
%?IJ’H’ ZDR M KDPK ZH FI —VF'E&E"L’&? f,/f‘i\éi'-;a-; :’: _:ﬁ Eqf"'ZH ’ E"P%’F”E‘JZH%%%_E_

-7.04dBZ -
322 RIFHER

F T ETHEE T IL s o - gL e & * NCAR(National
Center for Atmospheric Research) #+% & =7 SPRINT(Sorted Position Radar
INTerpolation)#-3 £ FH A L 2 & Ak o BEh H & 522 5 11* NCAR
#17¢ B «11 CEDRIC(Custom Editing and Display of Reduced Information in
Cartesian space) #-F A T i 2 BAT B LTS M BT IR FE L BFE

RN R RS R AT o L E AT FCE T i 2K (baseline) 2 B2

)

FREAGE T R RERZEFEL S o MTY S EEH B AT ) R

H2, B335 -2 80734125222 32520283 Renh SN0

5
D2

BEAIFTERFREI ORI AFAAHR L P EREFFAA G A2

FEOFM o B B R R EEF TG T > Fgt % * Liou and

Chang(2009)#7# 11 en? FE R FE x> F R F FEL R TZ 2k F o

B345BLEx>2CEDRICE B r 5 A#H ;T E L3 2250
B Ad BT EAMGIT B 2RI E IR HE T IR G
MATS ET RS TR B2 I0RT BB 35 5 F kR G R S
AL R s FT RV M SLPRIB AL F chP BE T 2470 FE ek 3 - Liou and
Chang(2009) 74 d! e h H & = & 2 BEAcT (1) Ri-AREZ T IR
B ] 5 (B ER Hont THRE S RGENE () SEEA 20 A LA

ﬁ%g%ﬁﬁﬁ@ﬁfﬂ?%ﬁ?%?#%mxﬁggﬁﬁazﬁ,ﬁﬁﬁ

BlP2 S AV RFERY SHFTEFT A EX BT RS LRI 4
BT FEEFES > TIRUFR RS T ERAFRICL S (6)= 2R H

FE AR N R OE o Liou ¥ 4 (2012)% ¥ g A F1R 0 7 R HEE D B R
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A% > 1 * Immersed Boundary Method #-i 12 8k 4 5 /s 48 % 3* (flow region) 2

ghostcall » ] 3.6 % = 7= & Bl > ghost cell 45 3 2738 Fi 54 e 2 8L o -t

A5 R T s R R R B E N 3T B EL 0 2 4Lt ERY ghost cell ¢

SERREERREE > A ERR LA KR F AR

Y SRR TR F#* Neumann B/ iE 2T Az m=> » 14 5 F -

E R Hi¢ * Dirichlet B/ iE 2 » 00 RT R B4 LAr kg S end-3 @ R 5

THERER S A EF PR AsHEE ghostcell FhE R L R A

BiluFk b A gk FFenped > MM FRA R NAF SRR A oz R o

Lo 'fl]’if 1] it I% ERSTE U B N> SN 4\‘41f'(3 5)
] = 2(13/[:1]M (3.5)

P S 4R ER S I A (35N i & dctm ] T @
ek Fa BT OREE  4 B R R e T A

J1 =2 nyz Z?’=1 a; (Tl,i,t)z (3.6a)

x—Pk —pl z—Pl,
Trie = (Vix — ( o )ut _b - y) Vi — % (wy + Wq) (3.6b)

= R0+ (=B + 22 (369

\1

B
E

(a.

FoBOREELS BREFDE SR F(U,vew) > FRFE BT

E e b FEGER R EERP(L) 2RI R iEREZ R ENETE

(lerp;ipz);’:‘ t}:L}'j, m'ﬁ.BFi ’ Lﬂ“‘ﬁl""&'——'— ’;“lﬁ’ E'lxim'ﬂ i °ay @ F—VL

BE - F FRAEREL S5
& i (Shapiro etal., 1995) » 4(3.7)5¢ >

’f Rl 5 0 Wpa 283 )"ii ’?‘w? i 4

Wr = —3.088Z,%%%7
A Z hwikie» MdBZ5 ¥ i o
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FoBORFELINr AR FEARA R IR TETHEDOEE > 4-(3.8)50

Jo = Y21 Tgs 0 (Ve = Vi)’ (3.8)

—

PV ARt BRSO A Ve R i ¥ B H P EET R EZR
Bl B R AL A o A8 2 * NCEP(National Centers for
Environmental Prediction) -7 FNL(Final analysis) £ 4 +7 T4 » FAL 247 & 5
1°x1°> #€-3% ~ & 5 1000 ~ 975 ~ 925 ~ 900 ~ 850 ~ 800 ~ 700 ~ 650 ~ 600 ~ 550 -
500 ~ 450 ~ 400 ~ 350 ~ 300 ~ 250 ~ 200 ~ 150 ~ 100 ~ 70 ~ 50 ~ 30 ~ 20 ~ 10mb >

E 25K REAe ~ F % h by o Blibah B boiE TR K e RE T o

—b

| DHFRCERAFEPEIAKNFRTL RS KT BEAL 1D
253 3R L 0522 o

FEHARER S L SR HF 2 RS ARG A - 40(39)5

d(pour) , (Pove) , A(Powp)]?

Ao po b BB LZFBAE > SEF AR

Pwof iR R AN F AT 40(3.10)50

= B TV G0 (2] (2 o0
g=o - (3.10b)

RS ARI ROl LR TE o RS A BT T s -

FIFORIEE L TR o L& P i AN (NOISY) S § 0 4(3.113a)

Js = Xeoq as[V2(ue + v + wp)? (3.11a)
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=z oy t5 (3.11b)

A5

FARORGFEL G RFERAF (M)

BoORAEARTRFOGLER > bl AR HRET

"'} \-\
F_k
=
—_
LR
~
oo

A EH o AU ABRLE S BRI ATY

11081012 10M o fy* + it 4 3B G iE 2 > B @ SdkiE

QoA g

Bk BT o

323 #AFF

FOBRMERF AR FaRd B Bofii 2R Fr FEe R

o Fde 4 K FHFE S d Gal-Chen % 1978 # 48 1 (0™ f§ £ GC78) » #-=

BRFURLIZREFFNAFORRFERIFETERE AR E D L

23 GCT8 Kt @ RAp it chx § o AT 7@ * i
#EAE S FF(x 2009) o B iAo o

= ok

PER A N L AN

T ERAET 0 FE S AENT AT G

I A
1 = on' _
™ E+V-Vu—fv+turb(u)] =-—5 =-F (3.12a)
2 (Z 4V vy +fu+t turb(v)] LA (3.12b)
Byo Lot ay '
1 om’ B _
o [a + V- Vw + turb(w) + gqr] =—— 8o 0. = —H (3.12¢)

B - R AR TS 0O R AR AR o O,00] 5

e R N N T
T Ao
0,0 = 0,(1 + 0.61qy,) (3.13)
Vs u vi wz B> wih o fafl i $8k gatd hdhoqLnky

13



£ /% £+ (rain water mixing ratio) » ¥ * T i w it B

Z, = 43.1 +17.5log(pq,) (3.14)
e pizimA Hiikgeom3 > Z damwk s Eix 5 dBZ - turb) ™ %
R S R Pt R St 3 N E o S AR F R T o0 Exner

funtion > =_& 3

m=C, (l)R/ Cp (3.15)

Poo
He piF B o pyos 1000hPa > R E_F f ¥ #» 28 5 287J(K-kg)™ > C, 71

§_% R #(specific heat capacity) » & 5 1004 J(K-kg)™' - 0.5 & 2 B3 #

Ik

D& G RE KT PR AT
6c =6"+ (0.61q, — qc)8, (3.16)
He 05 =8 quiA kTEBHRE s q R E 2k ERE . o
HL P EI S F G e E 2 b (31221 (3120)5°
EAERI G L REFGE Ho ¥ L FEd kT 88 5 4254 (3.120)
2 (3.12b) 5 ek TR 4 4B T G 0 T B A F E R E S0k
J=Jf [(0_11' - F)Z + (a—ﬂ’ - G)Z] dxdy (3.17)
S E SRR B 0 B A TAR AR > R G TR
fi > 27 FRIARA KA Sg s KT E R 2 ARSY o fE] 1 1S N TE O e

o*n’ | 9?n’ _ OF 4G

%2 dy2  9x  dy (318)
on' on'

(3.18)5% % 7+ & & 4% 3% (Poisson equation)?; f& g 6 & & = 425% > (3.19)5¢ A

BB S e § i ) i% % (Neumman Boundary Condition) « d »> i # & & i%
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B R R P R RN R - K dm — () TR RS E K
$R 4 Taing g HF Y (3120) L B A2 0 BT R0 — (6 T

WE R BRI R T E -
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PIL R b oehd F e 100 22 o A 41 H P A CET A L6
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Hovmoller diagram 2| & 7+ 2. 4B 41> = g E 5 BB B B A
Ba st d R oy=30km e AL A AT e A 0 BFLLLIRE 30
ko BRRGE e MAEL A R o £ y=0km L F 36 0 fEA Y

’

fmf

o B A 206 5 HL g B o LR E R T R A

3

BORAPHECL A RIALL 3308 F o 12 y=-50km & & w25 BF f2 s

LR 2R S H2e T U A A e e AN fEAT R AR R

A

Lir s 3 3RL R L TR B BT 0 %3 e A N5 VISV2V3 3 V4.

BA Bl 42) 5 8- g iE((0,0)7 y=0km L & » 3G HL» 2w
A HJGEEH e R o HRE R & v A Bl(4eB 25(d) T i ik A R
» #3232 06 5 0BUTC 2 10 3 14UTC iod S o @ 14 e 4
Sk B e AS AL 75 % B BE s S (XSE0KM)PE2 15 L e i 50 R
55w pLat g B 4o (K x=50km I x=75km) » w it b & &4+ 45dBZ -
6UTC 2 Z i3 e F #H » cnp F > L/ enw LA F PIFRCE A (e b T e ih
Tk EfR K o 3287 8p 001 24UTC - g =4 86 % 104 B ~ iEE
75282 Neh3 22 F AL R T 6 AR 44Q)Z £ 2§ 42w >
TRBERUS S B PRILK S G TR N RA(FET)T R AL T (R)R
ThiE SR (f)E o R AAD)E b TIONERERE ST A 0 2 R A 00
ZT2UTCE iy 22 E > Ty 20k - BH 420" &dFH rd
FFiE > 4006 2 08UTC 2 10 & 14UTC :o7 ELPFRF > b i3 3% 1 X 23m/s> @

Beppr@a b b9 3 20m/s B wlanh @2 B 3 40RO

f,/f&‘o
B 4.2(b) 5 y=-50km & & & & H2 > fpt 26 @ X=70Kkm Ak 453 &
BAA BRAS32L(F AY R AT S A R R SHETETH

%3 7518 % (blockage) B F e FAL & ¢ ¢ 2 iR 0 B 4.2 2 K43 ¢ & R R
) S SN ?'P:f:»#ﬁ;/a“,fm% RA o 4o HL 2|5 > w7 i (3 358 B 9
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Pl B 0 e 506 2 16UTC Lidh £ X § fss w ik # » eIk % >
AR RIE A A Bl A G 0 2 T e AR BIR O PRt )

®ow kR R o

BEFUI et edaitmhr Pk 3 R AL E e d F F)

LIFdRF e 8 ATE B - AME FLH 3L EE LTS
Fa A% B v B B o Bl 4.3(a) 5 x=10 w25 (V1) w A R i
TR at et e RISB AL EEFATLNET) o AT E TR v F

BABimEadp s@ans » BP0 %87 8p 003 24UTC -~ % &
G4 16631 194 % ~EH 60 222 Pl 22 F RIS R T2 5 AR
44C)= 752 ¢ {29777 > st B P BRHP(FIT)TE PR FARI M(3)R 0T
hoid 50 (f)EBAAd)S R SERFR TR F B 43@)7 003 04UTC
vk R e s SEPE R d Om/s &1 3 5m/s BEor A R K585 F 04 3 08UTC
Wk i B _y=-100km 3| y=0km p¥ > b i# %t jEr BE(AR)ES fE(s b))
boiE B E-10m/se Flpt A dadh e b w3 A F R B AR o
TEZRRBE T CERAE ER Y AR AL T - T
Forlopdand By Gir 2dd el FRA R HUEF
7 o B 4.3(b) 5 x=50km 5 2 % 36 V2> 200 2 06UTC ¥ 5 L& % & 2

B OF i 0BUTC 15 3 w b & # s B 4c > /6_y=-30km I y=30km » i& ¥

=

LIRL R ¥ L R RE dy=25 FHAT)REE G R A E 4 o e LKA 20
2% x=70km 4B 4.3(C)> T V3 > %3G s WE VB RL 202 > @ Iy
BBRYLZ 1T 24 A v A EEFEFEY IR £H a0 %
ok B ¥ A 40dBZ 2 b oo B 4.3(d) 3 x=90km s At 3 d V4 B AL B R
A3 233202 > ik UEhFade » Al B LERE > wRES R T

2% 30dBZ -

#2133 e 0 Hovmoller diagram & 248 3 0 & % BB A 47 45 B4 7
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A R R O EL R RET RN A REFRTRLAEL DI LR T
FR T S AP - E‘-)‘\l'fvwﬁ‘?’}i%f'?ﬁ #""@i‘a'g“m'ﬁ‘q v @ B B

FOARE AR L HFTARME > 3D BT ARR S RIFIT oM § AR
B RiT o vATE CRARELPE RS > FECLTRE R AR
Wtttz P AR E L AR VB F el 0 T LTS R

SRR o o N A F BRI ERhEd o

42 zZBh FHH

421 RBFAELIEE

8% 8p 002% 16UTC tr- %G 'iT#H s - EHIMFRERAT 2 A 8
B EAFATA L F e AR ¥ B 45 5 80 8p 0901 & 1101UTC & 7 I
Lo - k- T A 3L EF G kT AE o A K N HB e g
wlEEHE P AL ERFFFEA TR @S DB LE AL RPEFLD
B Bk FRELT -

Mo B RGO R PFRILE bR N P (PR B F]pt 1% Liou and
Chang(2009) 2 Liou et al.(2012) 5k -5 jF H s 2 = b H o A7 7 £ 2 =
b FeTEBcnpE Y S 1001 3 1101UTC # [ 75 44— £ 7R - 2 ¢
1039UTC 5 #Finre A(%+ B 450C)E» L% T 322 3 5 w53 B 245
% 40dBZ b o 1 Pk FrE A Bk ma e s DB a2
b3t S Zap B B LB FR AR AR 0 2l
A% e @ 1001 2 1101UTC 2 #fimre AE » LR e B 25 & -4

4.4 &3t -

Bl 4.6 = 1039UTC 2 1046UTC » BpsfF 2125 2 ~325 22 % 575

SR AR FHE SRS R L46@1L25 2L FRKTRSE UL TR T S
B A RRLERBRFPELTARATR > NPT s R



B0 M AFTLR el 2 B deBl 4.6() 0 T AR iE EE 2 S b 4
30mlse 2y ¢ > T h T dp ko A0 30m/s:> X103 30 2 2 e o
mohoE AT A0mM/ss R K 2-3 220 B R X520 2Lk RAE] RS
" e o % (Meso- ¢ -scale jet streak) ;- B 4.6(C) 7 3.25 2 F A b H 2w ik H o
B RS w L B R ARt o 53 ot Rk i 30mM/S o F SR EUE AR
Bl P RS 25M/S 2L 5w i b i A4 o g bk 40m/s o B ow
g3 R 9 A5dBZ 11 b oo 2R Apot o kTR e R B AR Bk
AR E AR R PR e AR EA BT KRR
BT RBREEE - 6575202 F R(R 462 (F) v s ajs b ad
P4 E L (5 x=60km > y=-10km) - BT pt A R B R F] o A Al b
(x=80km > y=-20 % -40km)F P Egerss b i ¥ o b oiE A ¥ 40m/s o Bl 47 G & K
A e L3 AT o LA (B 470)P Behd3 63 B A F305E 1 A
Fretiiep @ BT 3Ms P o5 ANt ] s 326 22 B B
AR R AF R R LR L FER G o0 B 5mMS Ptk L
"B~ LT RRFL2ZFR 5502 > LT FREFHENLI M HEH

©h P A

B (2010)3 3 7 oo Ao b i@ h’i’,f&}imfﬁé %o @i P AEH BT R D
LTIR AL RTFEEHRSLEFE o MEFET LR LE FER
o RLEIRANE T PAEETHRY MELE AR R 0 T
¥ o9 & (Hence and Houze 2008) o @ 4 7t » B 18 > fudian (x=50km >
y=-10km I -20km)7* & P& § 5p4im ~ b i de 2 S8 JF & > 4o B 4.6(b) ~ (d)
ZRAT) ST TR KT R A2 RIS A KT R A A 2 E
B RS L REE AL EEER o f LER Y & x=50km - y=-15km - i+
¥ef n % (X=50km > y=-20km)# ] 2 1 5 22 o da b i A0 A e in

?"’iaﬁéiﬁzﬁ}i’#ﬂﬁi‘;’%ﬁﬁ ‘j’}kx?"ﬂ'} ‘?"f%]t’i% ,r‘]_li’;)kp
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Br
=

L Feta Plend b 4eig > A2 Pgipmv}?/,,?pomﬁgFJ@ﬁvfi

pute]
=
LSS
o

BFEEF A FHRLETFAS L F 0 heib? KL IR 0 1 5752
% B (B 4.8(c))i7F 3x1073s7 1o

422 FRfA

/[[\EJ')?. e e mz}%}i"’%&}g‘—»mm&g o ZAELTE T

ZEF BRI L TS A4 BB RS X0 50 B3

?_:*‘E_ 4‘5 -Q?_/{JT:I\/}EI Y 2oy ’f | B 'B‘F‘%F&m/ﬁ)ﬁ}

}?4# /]5 )ﬁ i\%ﬁ‘ ’
T BREREERRMAOR T 0T RS LA R s 4 S o )

PEN B e ERS AP RHHGLE
ERR AR A(41) £

a7 (6Z+ 6Z+ 8() (+f)(6u+6v> (awav awau)
gt \Uax TVay TWa) Tt tay) T\ ke Ty ez

1 ,0p0dp O0padp
oz Goxoy ~ay o) 4D
av du
= n T (4.2)

BP fafiSd8e @D E5+Fe g A w5 TinsE -~ i (e dsg) - i

plomgr 4 gag > B¢ 4 g FIH @ 4p ¥ dc] ¥ AL L% (shapiro et al. (1995)) > ®

LL&};.L‘,;\;—»/;_MTIF'H m/fg&ﬂiﬂ ’ ﬂﬁ‘ q‘j%&’é’\\zaﬁr'% EE‘%'{L”} - 5

3'_4

BAEIFARAiApE > EAHI o 41% 1030UTC 22 1046UTC & = b H3+ &

R SR 4oH 48 MA9@)Z ()4 H 5 1252 325 22 § A endi A
ABF T TADSEFH 2 ME BFRA DT UFRLEFALE LR

m TR WRPE A 2 MR REAOR o TR S LR R L & TR
FARLRLERFERAF AT e > REAR S A FF LI ERARPE
g S hehinie &L o 4eB 4.7(d) 0 B A 2 RT R 2 FIE R MR Al
S RIIE T R R 4o 4.9(h) 0 A oF SR TR
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423 EE G R FL I
BA IR R FIREE NI RNEL 0 B 410 5

1039UTC 7 y=-40km i & v €2 25 - B 4.10(a) » 40dBZ 12 + éh3s w it i
BEamd 2 e0h e o AT b AE 253 30m/s e F iniE > T W x=0km
3 x=50km - i & X 20m/s > i (K x=60km) 3 £ FiE P %o o 3G 3] L% 1S
Foww g fed 5 ¥ EHEA EF A ALTE > T x=80km F R 6 22
WO KT A0m/s o g AT R PRI T TR 0 Ft + § £ R % Durran and
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(a) 1039UTC DZ level=1.25KM (b) 50 1038UTC horizontal wind level=1.25KM
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relative rmse= 0.467, corrcoef= 0.631
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