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Abstract

Studying the microphysical processes of precipitation systems from the perspective of
observations is important and challenging. During the 2008 Southwest Monsoon Experiment
[Terrain-influenced Monsoon Rainfall Experiment (SOWMEX/TIMREX), huge amount of
observational data were collected, which allowed us to study microphysical processes using the

observations of a dual-polarimetric radar (NCAR S-POL) and disdrometers.

In the first part of this research, we use vertical profiles of dual-polarimetric measurements
to investigate the microphysics characteristics of seven heavy rainfall events. In the second part,
we further investigate the differences of vertical structure and microphysics characteristics from
different DSD results near the ground observed by disdrometers. Two distinct types of
precipitating characteristics can be found in the analyses of seven heavy events. They are: (1)
Deep convection (5/26 and 6/13) containing large rain drops, low liquid water content, high
graupel water content and pronounced collision coalescence process. (2) Organized convection
(6/5 and 6/16) with small rain drops, high liquid water content and less pronounced coalescence

process.

In the second part, two months of disdrometer data near the ground during the 2008
SoOWMEX are classified into 48 groups. The averages of the vertical profiles of dual-
polarimetric measurements above the disdrometer are used to analyze the differences of
microphysical processes based on these 48 groups. The results indicate that large and high
concentration raindrops are associated with large Zun, Kpe at Z = 1.0 km, deep convection, as
well as pronounced collision coalescence process. In addition, the value of Zpr is proportional

to the size of raindrops. The results are consistent with those from the first part.

Overall, this study successfully demonstrates the application of combining dual-
polarimetric and disdrometer data to investigate the microphysical processes in heavy rainfall

events.
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SePF(AZun  f ~AZpr & ) EE & EF WA T EFERL ] RFAREF

F] 4 AR 4§+ Zpr R 0 L Zpn g A 4e) o



1.3 B3

K ARy Y s FIG F ST A R R R L 7 (T S
o Jf e W gEA)) 0 o g AU BT i % Zunn ~ Zor ~ Kop
Ruv > Lor % kgt ken2 3 12iF42 > @ AT B &30 B R B kA 477 jf L

2 ETIE G OTE A R AT TR ARE R A H B A 5 B o A

Fagst o 5 R &

Sk

O R R Rk S AT e 52008 £ 5 8
Berplpl F A (NCAR S-POL § £ 2 11 f8a jF i R)7 % K7 F %P -5k

REETEES P W T

ALY XuetalQ015)E e BatE A B X 0 ) FEFTHEAFH
REF kst 2 bR R DEa - B2 25 ILER - RFF - 300 1

#

‘w

3 2 - 2DVD AR R FTALE TR 0 4 2 6X8 £ 48 B F RS A F
Pk bF B FNHED L OEREBECTETREATSE 2 3T
AR EY ERECTEFHEOLE T L A R RIA T T LD B 2

e TIE R o

AET P LK EEBEPDE R BT B TSP

/%Ki e ,:‘4. ‘ffuf;;}‘;” ;Sﬁﬁieﬁ i )f; . ﬁ?: 3



FoR FREE

21 BRBIRHEAL

AR ®* 2008 # 5% 15p 3 67 30 pchd @ F oLl ¥ %(SoOWMEX/
TiMREX, Southwest Monsoon Experiment/Terrain-Influenced Monsoon Rainfall
Experiment) > 444 & T T adpan? R RN A REFHAZREF R
IR B W B BEILAE AR Y RANAESEE DHFT LS RIS e

HPHRZFERAPE P LG REEE) LR E R EFRMRER -

RARWE LT ST 3 T p B FRIERRI 20 LFE T R R
X AR R P ILEAT Y L F R R BT PR A A F AR X
A E T E(TEAM-R) 2 2 R R f #7717 <« (NCAR) S L £ iy & 1+ 40
C 3 i (S-POL)E R BS 4o r B B BT AT 2D F 2R
HE R BT T - 2 a0 MR RAYAELLE(R BRI B K S TR
% xf(rain measurement super-site) » F* 2k &K ~ R FH R EF R BH Ao HiTe 5 F
KE B BB o iTe B YRR LEF 9 = B FEP(OP)  FFRE A B G
5/19 — 5/22, 5/27 — 5/29, 5/29 — 5/31, 6/1 -6/ 3, 6/3 — 6/4, 6/4 — 6/6, 6/12 - 13, 6/14 —

6/16, 6/23 — 6/26 -

22 AFHBRATEAE
AFTF % 2008 EF @ F onF S FE 6N F# K(2DVD, JWD) ~ 5 2%
" 3E P B(POSS) > B A BAeT
221 RFHBRBRENZ
Lg% T 5B FNAFHKROWD) 130K E A F# KQDVD)L 2 53R

" & Bl B(POSS) » # 1= % % =2 SPOL F i &= B A L% 4c@ 2.1 » Fim i



¥AA 2L

(1) %5 a5 %
R N A F R (Joss-Waldvogel disdrometer, IWD) 41 * & jf 5 # & 7] B

it FHE ARG RIT S ) 0 KRB EACE 2.2(a) c HE N R FHRERA
BT B S 0359mm~5.373mm £ A 5 20 (7 % B EEea T 2 Sh

J& e jf 7% ¢ o (Tokay et al. 2013)

(2) - mEH N aEH %k
Z Bk # N A F 3 R (2D-video distrometer, 2DVD) > %k B 3 B 3 4p -
EYARB AR A FA TR §RAFRFE LR LR
AT EEAGF PR S SR AGF T AR SEA BRLAER L

¥ g jpchEd i 0 R EAc 2.2(b) - (Schonhuber et al. 1997)

(3) & & pLip|E
"% 7 @Lip| B (Precipitation Occurrence Sensor System, POSS) % X-band "
CRIFN AR ER AR AR T - B FRFETRET

FrEe g o A @R A Gk )R EE 0 REEACR 2.2(c) -

&
La
WOOW

7 LR B £ B R F 1‘:4;#' Bl 5 0.34mm~5.34mm - £ & % 34 (» 7 & fF jEei
BT A PT§ g PR F 5 iE - (Sheppard (1990))

222 RGFRELSFE
g R FHFRRETF - BRFORMHDED)E L FE (V) FE

PATE QD) kR A F RS
1

) = n 1
N(D;) AtAD; “T=1 4y

2.1)
N(D)(m3em™) : B =84 E s cha F Bk

At éf%?ﬁidﬂfﬁ@}“ Fe



AD : & P T BE
Vj A p T T
INER LY
n oA E Bk
223 Gamma 4 %3 ¥
41* Kozu and Nakamura(1991) = ;2 #-gLip| end jF ko ic » % N(D)# & T
Gamma 4 % » £{¥ Gamma 4 % = B - @ £ FE S 8cNo ~ )k Sodfe p~ A X

B A - A TEEE 2252 Gamma function(2.3) 5

My = [ DXN(D)dD (2.2)
TW) _ (® v-1,-4
— = J, ¥V e dx (2.3)

#(1.2)3 &~ (22)7 5 1 F (2.3)X T 1217 F](2.4) 3

T(x+u+1)
Axtu+1

MX = NO (2.4)

& 4 % f %% A A %8 Ulbrich (1983)) #- i 3 t 758 N(D) & » (2.2)5¢ »

>

=3

FAE O X ER 3460 My T ¥ 3 E

7](13\

=k

My T OB E R
EAMe® * 303Ew i F b o T HE M3 -MsE Mge B8 Ms~Ms 2 M 4o

Q25N V2 EFHKG

NoT 3
M; ( 0/15(45-;‘0) _ u%+8u+16 2.5)
T M2Mg  (NoT(4+m\2(NoT(7+w)  M2+11p+30 :
( A4t )( A7HU )

BQRAOHNE QA BHE BT ZRAEEFI A Z Ny EB540(2.6) (2.7

(2.8)5"
(1— G2 + (8 — 11G) + (16 — 30G) = 0 2.6.1)
o = HOBHOCD (2.6.2)
A =D 2.7)



Ny =22 (2.8)
FJL T L] (2.6) ~ (27)% (2.8)58 ¢ = B fdlicenie £ @ F| Gamma A F 4] 5% eha

BT Ry W BELPATE D R F RS s o

B3 = B Gamma ~ F $8cis 0 TV EH B A Ll AF TR Y i

i B de™

(1) # & £ T 5 (Mass-weighted diameter, Dm)
AL AI* D kg i@ jFin< ] > D g TR R L PR JFRD
20 4e(2.9)78 o

B ffpgn(gﬁpww(n)dp _ I D*N(D)dD

Dm = 4Gy pwND)AD [y D3N(D)AD

(2.9)

AD,, =4+ (2.10)
Foobood (210)58 % AP F g s A 38 5] D £42.10)58 50§ Dm 3
eF O ANEEEN B EH A A R FEER D A R FRER A A

FARAEAF LRG0 E o

(2) & i # ge 2o fic(Normalized interception, Nw)
a(1.2)8 ¢ 258 No hE (mm'™*m¥)? 24 po H €%EF p o
fom F TR FP R AR NoRE® o d B KEFNQIDTEFI W

NoZ p 2z fFehpd 4 o

_ 1073mpwNoT(4+1) 1 pu+4
W= — o D (2.11)

QAN H R~ (1.2)5% 7

D\ _
N(D) = Nuf () (5) e 2.12)
M
4* 103w
NW = Tow DM4 (213)
6 (4 4+u
f) = 55— (2.14)

9



4 1=0 p5 > f(u) = 1 s*P¥a 42424 & 5 Marshall and Palmer(1948) ik #ic
AN e (2.13)70 ¢ Nw el =5 (mm' m?) > &4 & | & jfF e - 275 I
R = SRR

224 = vﬂ'ﬁwﬁ'] ‘}Jrr"?
FrRE @AM - HAa B E I P Y S ARG RN
Immhr! e F 4L 2 xf .
(1) RE A FHR
R FN A FHRREAUR A F L A FE XA FR
PrHg i FRREY ¢ BRERBH ] A F RRamEL2 B4 [ 2k
EF 5 G s R IAE BRI A, 0 F]p 1 * Sauvageot and Lacaux (1995)

it % ;2 (fit 5 Dead Time Correction) % i & p* 3% -

B kB N F i RQDVDREEY o A FHEEE G Ok ERAER

F_

BT R R QR @R ARG L S B A I E G b A
34 o ND)» Bl 5 T B AT 4 d T TR R E g o &
7 ORBLIR| en 27T i 232 1B W A (Brandes et al. 2003).4 3 5% i# Gt B 4o
(Q15)7 » £ F LE AR S REBTFED 04 G RRTBT RS
uﬁg_ o
V(D) = —0.1021 + 4.932D — 0.9551D? + 0.07934D3 — 0.002362D*
(2.15)

Vei A sshifd » HHE =3 msec! s DA AGF EMARL - iz i mme

%0 ERE RS S THEL 0 &9 8§ R % (STAGE D #
1A R BRI RERE AR - S BRPRFER S B2 EA B RO
FOFALAF R L 2DVD TG F AR T R R BOIRRISIE S E vk o

10



gc.ﬂ j\v’%ﬁf'i‘%ﬁ’i‘%ﬁ&m\zﬁé > A Pf"i%}mm\!;;é 3—\3‘1 B %'&\T'%\ 2.2 0 pb? ‘b >

TERETETAE TS M- KR Kb I AT R R T
BRRRSE 1S A5 Eirdc AT R Y ha FHRTRELE 754
23 NCARS-POL FEFTHAE

231 S-POLgF&EANY

2008 & & & § 7n % S > NCAR S-POL & d*c§ » a3 %% A%
v k(A 4 22.53 B, /5 12043 &) S-POL 3 S-band (k& 107 24) Bk
it B g Bafdy Kog & 5 KT & (PP » 2 HHu RHDA f& - * - =
WHFHw 97524 FE %8s 7 Zun~ Zor ~ Ko~ Rav ~ Lpr ~ VR(JZ# B )% o
232 BHECEFELEENE

it e g sk Tfedd FHirit > o PP 2L KRR Flt %
FF RAF PG ERRRIGRT BiR e w i St BT IR T fodkE A
BARBEC > e wdant @2 AL TR AL R * T B Bk A7
KREZ iR B A e o
(1) ZnH (Reflectivity, w i)

Zun B dg KT iR i 2 % chk fR(co-polar) W ik 0 T F L S fodk
DR o R R T 2 o b F AT BT 0 FELRIE AR S5 Rk
ek g+ > Pl Zon € BR FREA Z I AT > DX F AT L =

fDDmax DPN(D)dD » #-fEA4%~ & d jF#cBAx S vl B 4%+ » Hi= 5 dBZ -

(2) Zor (Differential reflectivity, Z 8 & &%)

hOF wE AT R RSRELR R LS R F ¢ S ISR

11



(3)

Flt o kT B iR TR F A7 % € 7 o 1395 Seliga and Bringi

(1976) > Zor %k 3 &5 % o o L (Zun)ig 1k 2 % v L (Zwv) > 28 F &7

e bm&Wbﬁ@ﬂ bol] 2.3 477 0 & fEok R4S Al — ft (axis ratio)
V

FCERARR) > 51 R A o $HBTI7F i Zor o ¥ P - fEK R
FARFEAD T > Zor frphrt L5 - - B e %7 hd <A
F(D>1mm)T 7 5 o3R8 HHR T Zpr EEE A JF a0 T AR H 4o B
B4ood R Fihp TRROR ]G M F T A Zpg R HETAF OS] §
BLRI 5ol @ Fehd jFpF > & A fhi 3815 1o 0% Zpr & 4 ABIT 00

ot R gk B A E K FIBES S S EPIRE PN Zun Zyv T 3BE 4P

T @ Zpr EABIT R > F|Pt o Zpr S¥r F U B Y RPNy
Tl o Bk F T AT 0 F ZorR B G T A AF 4 R F R aiE AT

RERFR]AFE T F IR EFEL G VAT AFRAREE R AR

Kor(Specific differential phase shift, :* % £ 4p = %)

P EFHTBEATE LRI REY S TR I DT ER
FABRRIE - ZFEALFRHZTREL T - KRS ARSI FITHE
Z Bk gk digd mr g E R BRI L A2 g drsf(forward scatter) 7

B o T BB kRS ey 4 18 e T Hr(netelectric field) #-e § iE A
HRBRDTH G - AR 2 A E L5 4P A (propagation phase shift,
Jameson and Mueller 1985) » %] 5 -R % e+ ¥ 28 > 2 R4 > w4084 £ € 7
P iR S e RS G T T 2 AR R A ﬁ*ﬂ € 18
IF o ®pp(Differential phase shift) € & % t e - FEHLP HfZ47 8 M P d 28

FihdE 2RI E AL 2 A (Ppp =Py —Dy)> HEEHTF S

12



(4)

()

B Bl oK e BARFERLOR Ao B A AT R B3R R AR

Kb % ®pp(Differential phase shift, £ £ 4p =% )38 @ &k : Kop = %(%) °

it KE R R 23 f‘ifi\"’q)ppiﬂﬁ{; » Kpp 8.+ g{—x"’ﬂlb

BAGFERS L E KSR M e sokm! .
Ruv(Correlation coefficient, #p & % #&)

iR i AR P FART ERRID] Znn fr Zvy 2 BAPM o0 By

o HE KL IRy = % HP Sp ik &K BRI DR Bk
G @ A KT Bt F St chk $784E L £ (element of the backscatter
matrix) s Sy % & L E i B TR » SR RA T A E A LD iR F Sten
sl 2o 7( ) TRADHE o AREBAFEI AR - BRI Fo
PR AR B R PTRARAL R o B R (AR D R
&% TR 3] 60 Zun fo Zyv c0Ap R AR 2T 0 P Ap B '/‘fgti*ﬂ P Blde A
IRpy B3 ¥ § 4217 10 F ABBEEIT AR K Sk 5 R~ BB
P HREF BT S (RoRR E) kR AN 2R T 6
FHCE T 5 PR - R B LR TR T o Zun e Zvy AR $EM R R

)]‘JLJ‘ FZBLR] % e B T Bic(Ruy @ )i} g R

Lor (Linear depolarization ratio, #i% i &)

#¥1&(cross-polar) %8 Lpr S & F 6K T3 o TRA » HijtLs 2w w

. . - v . VA 5 v ooy s L 2 o
Ao BANAGR S0 Lpp =10log(Ch) o 4t Sl TRA IRV ER BB
HH

BID e+ L 1A Lpr & ¢ 3] 5 BBIFIRApRF B> d 25 kendiap

IR I SR M 58 0 FUt AR AP T AR 3 Lor i § 3 4 o 12 S-POL

13



TR AN TEFBUAEN FLFT RS - ¥ 50 Lor ¢ &

17-30dB > BRI AP ~ 3+ AP Lpr B ¢ 3 4c > B # [ 5) 230-30~0dB 2 ¥ -

233 S-POLZ @ FH&F
A3 A1 NCAR 27 S-POL §E T4 > Ad AL H'iTivg - & 7
Bt F sy Lo blde B 2.4(c)(e)” BEHET i 30~50 22 ~ F & 0.5 22 b
3 (Ruy <0.7~Lpr >-7.5dB) » F1#* §1* Lpr~Ruv & i SHcB-2E5 & T34 4 ¢
T A H#-Lpr % 30-10 dB shF 44 % ¥ Rav PHEE 320075 51 0.85 > d 0
BRIFHEASBREE§F 2 5 PRI 50 RFokiR s (RS 2
30~50 22 ~ RS DL 2+ AF EE)FEBIFR 0 F R KR Rav | 3 0.8

SRS 0 R 5 TR % 4o 2.4(0)(d)(D) -

24 A FREAF (DSD)F F* 2

2.41 H1* it 28 Zun > Zor F iF Dm > Nw B %50

AT LAY AR RE RBURITITE 6 & FRUZs F(DSD)F A ¢ R A
FHRL-HBRER O FEA JACTREWTILRGSEHIREL LS PA
FHREZHFATIEA LA FREA T o TEE- B RS T FEKA
SRR T ORI Y BRI P AR LR FRTRS S
i R4 (DSD) % e & G RBLRI TR 0 2 0hE G - Bl enE i s il

J Fﬁ :‘ mﬁ’rmﬁ /R;‘]’__,{_—,_/ﬂ -{; j\#{, ‘K+ K l'%. mi}’i]\/} °
(1) DSD 7 i#h 5

Zhang et al.(2001)= ;= # > 1% p-A X KB R F R F RIS, F
FRIDAHBIFEE T FrDn s pr A D FHchpl S > FPL D 2 ERE &

p-A B B 4Bl 2.5(@) 0 A% F D EA 1~ 1.5225mm s F I A F

14



FRTHEE @D P p-A B G502 Dy % BRI 5 pIF F AT B eha
FAE A ] g F U] o do) 2.5(a)BE A Bk pA B RN 5 e d B Bl
i A F T A ] AT A 1.5 — 2.0mm o BI2.5(b)A A T & F w8 5] e

Rl B A3 2.0 - 2.5(mm)2 oo

Flpt A3 %% Cao et al.(2008) ;= 1% Zpyn >~ Zpr & T iE SERF F
FOF AT A F Sfc £ 2 4eT D41 T-Matrix 25 ZER - Bk A E

RO RS fht E BT o F R F B RBLR e RS A T R S R

@34

E S5 AFTHRERKL 200C AL G 107cm ~ A& jF R S dh B H

Brandes et al.(2003) 713K

#2008 £ @ @ f @ HRPEFITA B AT R FHRT IR ATED
D ~ Nw &2 T-Matrix #-#% 7 Zpr ?{é%g WA R 2.6 BP0 F AL EE log
3 NRER REAFTHRLF R Y o KR 2.6 ¢ #F 0 D Zpr &
LB TR > Zpr 3 4e D+ 3 4c 5 Nw £ Zpr & & 4 B 0% > Zpr 3 ¢ 2 Nw &
5o PR Caoetal. (2008) F i = 7% #-7 jf 3 & ¥ 3 9 Dm ~ Nw &2 T-Matrix -
BN Znn > Zor B F& 17 F NG 0 FI0T A B RN(2.16 54~ (217
)

Dm

oo = 0.0477 Zppg 3 —0.1445 Zpg® + 0.5846 Zp, + 0.8240 (2.16)
HH

1og( ) = —0.2451 Zpg * + 12246 Zpy” — 2.8395 Zp + 2.8268  (2.17)
CEFREE TR Hix mm’!

Nw : & 8& i f2ip 280 &~ mm'm?

Zun - w0 H = mm®m

Zor P AR F &% > H = dB

Znp ch=c 3 RESF QU600 L6 F AR IE e AL T - B

Zuw == talic o R E 1 § MHB # GUCE 0 59 BA % E 955 Dy &
15



)

BRI D G0t 0 JE D R B ] 0 Zun % GRS TR B ] o
GBI R AT E RS R G R F RNkl Bl 2.70) 0 B H
Phs 2 2 Rl o] o B G DR A - BIZQ2.17)70 7 5 e Nw k-

40 W RGEL K5 boW 2.7(b) -

g S AP R R Zyg s Zpr B FHTF E(2.16) ~ (217N E

,TE" E‘IJ Dm % NW °

BRGNS R ek Hawft o Flpt AP T-Matrix ik h
Zun ~ Zpr £ % (2.16) ~ (2.17)% 3% 17 3¢5 D ~ Nw 22 F % BL3P] 0 Dy ~ Nw fia bt
Foo o] 2.8@) 8 4 F g B e g 2 R 2.8(b) ~ 2.8(0)*7F Dm 2 Nw #0f

2% 5 0=+ ~Aph fides 58820809 AAMILEF -

BENY - ZVURAFT S - WA (A2 FZR)E - B
P ERBPRCEBRFREAL AL 31 :aqtﬁgﬁzc’)o P stk BF M
GREERF AT R BRI R u%j;L;;{f Dm~Nw & %8t > 2 s

FOEFATE Pl e D s Nw & 0~ (2.18)7% # 3% & -k 7 £ (LWC, liquid water

content)£? & jF +# Rt B T EF R R T B R R o
4
LWC = 103N, pmt (Tm) (2.18)

WORGEA %A 24550 6/13 T R AL RAEL B BB
L 35938 4 (mean bias) ¢ -] >+ 0.1 © 4p B 7% $c(correlation coefficient) ' % i£ 0.8~

0.9

o

A
\nd

-

“ﬁ? g2 b s - T-Matrix #8807 Zpg > Zpr 4~ %) 4 » 1~1.5dB ~ 0.1~0.2 dB
ST IEL 0 LG e IR L D Zun - Zpr B R R O 3R E F DB 2.9

¢ 3p B 2 #c 3 {53 £ (standard deviation) e % 0 ] 2.9(a)~(d).% % ¥ “EF Zpr
16



ST R A Ao T o S BT Zpr WD B REE S o £ %5 Dn s Nw &
Zun ~ Zpr *v > EFw (6 B 2 % adp B iy & 0.64 ~ 0.59 12 b AR
£ 18%~10% =+ o #* % 5% & & Zyn ~ Zpr B 7 L fih £ i) T &R

T REST R e

242 Dm~>NwTi33 32

AR BEEREFEOLR R F

AAG BT EF ;a’%,ﬁ'ﬂﬁva\wa;;z:r&’a,%*j_;gd Lotk ko5 B

Bk FALF G D~ Nw oo d e 3ot @ )

&
%+ e ZpRr B Y (%] e Zyy B PF g B g S Dy~ i) I Ny o 18 18 l__;”‘_,%.
ALY

T o G EE FRERE @117 &

HL ok g o F 0 AAEE ] AR

:i-.éz-i:—iuﬁ;:

(1)

)

1)

A3 Ruv P HE

F.

b F EFAF 5 DSD auBfz? o KR R REDTH > A H AR
ALV AV ERBULESITRET? G0 50 78 a FREBIFN 0 BA R
“rig * H QC FAEER 3 Ruv P HEAL0.8 34 % = 0.99) » jiH] 2.10 ¥ 7 r15¢

MR RS T & PTRB(E* D @] Nw hF ) s 135 5 o
e BARE L TR

BEAR e =@ % F h Ruy PHEE(0.99) 0 v — = 2 dFenFl s o 7
PE A E TSE AT BRI B S r2hE S T ob - BEE L

henF 2 "ﬁ% gAY B E R kT e

2.5 Hin s BREA SN 3

R e TE
A3 F1* Steiner et al. (1995)#& d1ev= 2 Rl ke o 2225
= BEHF()CAPPI3 22 3 At > v <30 40dBZ (2)728behw L E Z
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2)

SR Tk 28kt LT 11 2L T 4of] 21154 B

& E(2.19 5Y)

10, Z,g <0
2
Z=Zpg=AZ=110-22, 0 < Z,, < 42.43 (2.19)
0, Zyg = 4243

()1 & (1)Q)FF © % #1560 dic 2> L (W] 2.12) - #eif L0 = B 00

SR R B AR R Ao B 2.130) 4 LIEES B R

FHonE

Y

BB AL S - MA(A2 R )N EERFATETH A2
B2 €7 B Fpt @ % Steiner et al. (1995)e77 2 & ¥

TR € RIS RN EHIE R FE RS TG A

=

3 L #% Steiner et al. (1995)7 /% » #-A k= Big e N & Bigid
IAFH- BEESFE(1)CAPPIZ 22 3 B » vk X3 45dBZ (2)
FEFEENR R LN o BR A R DB R S R R T
L FHRFRFREERFFDLE o 4o 2.13(0) T L4

2RES B 0 2 R AR 2.13(b) 4 AR e A g Tk ]

18



AT B - 354 %% Xuetal.2015):= B B % > Xu2015)41* p %At A B
E R D S R N2008ET 3 F AR BT BEABEG Y 26P
67 2P 67 4p 67 5P 67 13067 140 67 160)> &7 #

PR RFEAYT R vl L E S A PRSI Ry - BB RE
FANT B ABTR R SIS A 31 F A PR Bk Lk 500 % 0 A AT
58 ¥+~ B % (intense convection) ; F* & =X #ic | 3t F [ FF 500 = o A HE R Y R¥IL B
% (moderate convection) e ¥ ¥ E B R L B Ao 20 X R E A& B EAE R o g
v 1 % (intense convection)3 57 26 p ~6 7 13 p ~6 " 14p ; ? RSB X

(moderate convection) 6 * 4 p ~6 % 5p ~6 " 16 p o = [%3|(continental) "%

5 6" 14p 5 AT (oceanic) ¥ 526" 2p ~6" 5p%2 6" 16p -

231 7P EBRBRENFTH A S AL ARET kaadrd o R 4 31
PARRe egEd S Rt h 2 RSP Hp g M IF C ARA T (A5 T 26 P 5/26 %

i) °

3 - BRFXFHE

ML S BRATE R K Sehfg it S-POL FERBIFE Y B E KR E A
T B od A2 250 E AR HIRER AR 2 T AT TR DY
v 'E 2 g ]V Steiner et al. (1995)7 i g - » Flub $H05 0% & & K R vE o7

BAARAr A H_100% > dedk 3.2 0

1) 5/26
F B EPER 5 0300 - 0800 UTC (£ 5 /] PEenFl) > 526 F 4 #

PR e L EA S8 KA § e NE Ry RED M BT 0330

S

UTC» 8 20 % § A 487 S8 0L B B4t = 54 s B o 2 5 S-POL 7
19



)

(3)

(4)

()

EEASERIP R B o A A T4 3.1) AR S > AAFI T TR F

ALY o HIRTER T 26% 0 Bk TE R 40% o

BEpF L 1900-2400UTC (##F 4 5 ) FFF#L) > 6/13 5 TOP8 42 v & 3t
(6/14 Bes)F » 7 ch i B> A -0 & 4 v REM T Rp AW AH » o %
% SPOL BRI 4 Rl 5 Bes ¥ [lenZ & 44nrE & » £ H 2030 UTC 8 &~ %
Loe 2 28 FACRSUEHIT o 22 6/13 S 485 F & 08 5 S(4r Rl 3.2) 0 # ¢

$iRE A L 30% 0 KRTE A 47%

6/14

% R 5 0000- 1500 UTC (£ 15 [ B F#L) » o+ B3 5 = B e
A LA A H 3 5% o K .0000 UTC B4 i AR 4o @b i 5 %0 &
& 1I00UTC pF 3 Ew i B T IR A iEAE5R 0 f SfF e 24 > HB 6
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it

= R () HR ()
SPOL 120.43 22.53
Supersite(2DVD, J1, P3) 120.62 22.74

12 120.6103 22.7014

13 120.6175 22.7639

74 120.5720 22.7023

J5 120.6411 22.8169

Pl 120.5769 22.7356

P2 120.7024 22.7706

P4 120.5008 22.7553

P5 22.5951 120.4895

%22 1A FHRREFFL

ID mean bias ID mean bias
2DVD 0 6 (J1) 0.012
1 (P1) -0.740 72) 0.028
2 (P2) -0.899 8 (J3) 0.149
3 (P3) -1.538 9J4) -0.259
4 (P4) -1.042 10 (J5) 0.199
5(P5) -1.194

42



123 BHELTE RN S

Variables Definition Unit Relationship
Ziy Doy Large Z,,, —big raindrop,
f D®N(D)dD dBZ
(reflectivity, v /&) Dmin high concentration
Zg
. . .. ZHH bi ind
(differential reflectivity, 1010g(m) dB Large Z,, — big raindrop
LB F S
Kpp
(Specific differential deg km'!
lddbDP Large K, — high LWC
propagation phase, 2 dr (°km™)
AL R AR L)
Ryy
(Correlation coefficient, Small K, — Mixing
10 B 1 )
Lpr
. .. ZVH ..
(Linear depolarization 1010g(z—) dB Small L, — Mixing
HH

ratio, iV ipHHRL)
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224 - BREREFL > LI 2L d WO FTHEF LG A FLARS

B % Dym(mm) logNw LWC(g m™)

Mean Bias Correlation | Mean Bias | Correlation Mean Bias Correlation
0526 0.0808 0.9713 -0.0954 0.8841 -0.0817 0.9834
0602 -0.0029 0.9053 -0.0049 0.7318 0.0282 0.9621
0604 -0.0280 0.9102 -0.0023 0.8873 -0.0503 0.9644
0605 -0.0117 0.9213 0.0031 0.8531 0.0007 0.9579
0613 -0.0374 0.8328 -0.0608 0.4726 -0.2737 0.0803
0614 0.0120 0.8949 -0.0207 0.7880 0.0074 0.9453
0616 -0.0574 0.8316 0.0661 0.7619 0.0594 0.9131

% 3.1 Xu2015)= B B & & 3§
Intense Moderate
Lightning > 500 hr'' | Lightning < 150 hr’!
Oceanic , 6/2
Continental 6/14
5/26, 6/13 6/4
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%32 - BREAL S HI KL T B

Event Event SPOL Con(%) | Str(%)
period(UTC)
5/26 | 0300-0800 | An isolated system 26 40
6/13 1900-2400 | Unorganized isolated convection 30 47
6/14 | 0000-1500 | Large Squall line moves from Taiwan Strait 17 58
through south Taiwan
6/2 0000-1000 | Linear system moves from Taiwan Strait to 13 52
inland
6/4 0000-0800 | Linear system moves from Taiwan Strait to 22 43
inland with large stratiform precipitation
0000-1400 | MCS moves from South China Sea to inland 44 52
0000-1400 | MCS moves from South China Sea to 9 59

south Taiwan

45




£33 - BBEBFEALLR

Dual-Polarimetric radar DSD (40-45 dBZ)
DZ DR KD DM logNW
1 km 30dBZ 18 dBZ 1 km lkm
mm mm™! m’
(dBZ) (km) (km) (dB) (° km™)
5/26 39.68 7 14 1.12 0.24 1.94 3.72
6/13 39.98 7 12 0.94 0.22 2.04 3.60
6/14 40.02 6.5 9.5 0.73 0.34 1.95 3.72
6/4 40.73 6 8.5 0.74 0.46 1.88 3.85
6/2 39.67 6 9 0.57 0.35 1.85 3.90
41.22 6 9.5 0.68 0.42 1.89 3.82
41.07 6 8 0.67 0.56 1.87 3.87
4.1 A8 P EHER

DSD (near surface)

S-POL radar

Large Dm, large Ny

1. larger Zun, Kpp at Z=1 km
2. Zun, Kpp increase toward ground
3. development higher

4. Pronounced collision coalescence

Large Dn

1. larger Zpr at Z=1 km

2. Zpr increase toward ground
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'f’f m

Tol L |
D(mm)
Bl 1.1 Marshall and Palmer(1948)4p #c 4 A G A F RS D(E o mm) o

i A F i N(D) (2 = m>mm™) -

105 T P T
E i N(D)=ND" exp(-AD)
Wzlgm™3 Dg=2mm

F\ bi A Z(dBz) R(mmh) | .1

e e

2 44.5 22.1

N{D} (m~3cm™)

@ 1.2 Ulbrich and Atlas (1983) Gamma 4 # 3| ;% ; # #h 5 & jF #£< D(¥ = mm)»

4iph s A F #® N(D) (H = m>mm™) -
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Convective rain with R>5 and standard deviation of R>1.5 mm h™*

5 y v T T T T T T T
28 July '97
Fort Collins Flood 17 Sept '98, Fiorlda, SPOL
CSU-CHILL radar ~ /
4.5r .

15 Feb '99, Brazll, SPOL

23 June '00 Colorado
SPOL.

b o o e - — - — o ——— - = e = - -

23 May 01
Kwajalein radar

-

1-Darwin, RD-89

" 2-SCSMEX, RD-69

3-Papua New Guinea, 2D-video

4-Florida, Teflun-B, 2D-video “.. 11 June '00
5-Colorado, 2D-video .. Colorado CSU-CHILL
25 6-TOGA-COARE, PMS-2DP 2

.5 7-Arecibo, RD-69 11 June *00 Colorado i
8-Graz, At,Mrla, 2D-video spo‘:”

9-Sydney, RD-69

log, <N, > and standard deviation
w
w o
@
e ——
©w
—_—
- o
=

1 1 I

2 1 1 1 1 L 1
05 075 1 125 15 175 2 225 25 275 3

<Dm>, mm

B11.3 Bringietal. (2003)53* 175 % & 2] i & % 1§ #h % A i £47 Du(¥ = mm)>

v

Hhi A FcE logNw (2 & m mm™) - &5 % & F 10 mmhr' % &4 - Dy
2~2.75 ~ logNw 3~3.5 3 % 34" @& o Dy 1.5~1.75 ~ logNw 4~4.5 & /% F 3| 4t

DAL 3=

5r AN N VA 6
C(a) 00 N N A NN{ ox DSDs from typhoon Nari 2001
) 8o \ \\\] © DSDs from typhoon Haima 2004
o %o W 1] PDF of retrieved DSDs from typhoon Saomai 2006
® o Q,OC;\ v NN
45+ ° & \ NN s N
Q BT 5
4
4
=
Z
‘-'935'
g
P
3}
12
25
> L L s P .
0.5 1 15 2 25 3

D e (mm)

Bl 1.4 2001 & 3 %'Fm)i ~ 2005 # & F BB B X% F RS A # % % [Chang et al.
(2009)]; 4 #h 5 & jf £ Dm(H = mm) > i 5 & jF B ® logNw (H = m” mm™)-

o' DSD % 2t X A HE BRI/ o
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0.8 X &
S A" aa
06 4% 1
& ;00(\ W 4 AR
> AQA A A
04+ o %A 1
A
R %& _ coalescence
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el 6 _ e
s O
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< ~02r-® = .. fe Preakup + coalescence |
Db o balance
g —
06 o ° ® Simulations
breakup o® @ SPol — Stratiform
-0.8 [ 4 A SPol — Convective
SRR 0 10 20
AZ (dB )

B 1.5 Kumjianetal. (2014) f1* - ‘a8 258 2 2 H LB 42 § #AZun =Znu

ground - ZHH 3km > 488 AZpR =ZDR ground - ZDR 3km °

2008 SOWMEX Disdrometer site
50 6» | AN

B21 REREMB: 2 EHEL SPOLFEE » 24 5 Supersite =¥ (F = 5
B /ﬁ;‘& & & % JWDI ~POSS3 ~2DVD) » % ¢ g% POSS =% » &4 2 JWD i~

‘%i o
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B22 & e & E ¢ (a)JWD ; (b) 2DVD ; (c)POSS

50



Axis ratio ()

(b)

B 23 ()% k48 Bk g coghvt {o Zpr SAp 40 TR ] 5 it &R RS g
o (fEdhE R ‘T £k R) 0 Gidh it & Zpre w iEAA W & & JF (Raindrop) ~ ik
% (Hail) ~ #x Z (Graupel) ~ £ {=(Snowflake) &7 e #h't f Zpr cH4p ¥R (% (4 P
Bringi and Chandrasekar,2001) - (b) & jF " e £ B s a~b A W~ & & jF

A fhi- X E R o
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1£b) 20080614084300 040.0 (DZ)

1£a) 20080614084300 040.0 (DZ)

(e) 20080614084300 040.0 (LD)

preveR

B 24 R4-3ERHIFTHEER L®FGTF 25 2wk Bl(a)(c)(e) s R4-F 4l
A %) G %% Zun ~ Ruv ~ Lor ; Bl(b)(d)(f) 7 QC & ehig % » & % & %8 Zun ~ Ruv

LDR(EI(C)(f)‘:l ¢ PEbf’IEZ P\—:')
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m

Standard deviation of D

lambda(mm™)

(2)

25

20

-
[

-
o

r!lu-lambda NDF

Dm>1.0

B 2.5 »# 7% J1* Zhangetal (2001)7 ;= (a) p-A 9 L B %

B 2.6 (a) Dm-Zpr B 728 (b) Nw-Zpr b 7% B

(@)
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0.184 |
0.182 |
0.18
0.178 |
0.176 | %
0.174 e
0172 |

017 |

0.168
0

Bl 2.7

0.02

0.04 0.06
coefficient of ZH
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logNw
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55 e 1 4r e 1
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©
45+ - 8 3r 1
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£
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Dm Correlation coefficient

0.665

0.2

0.18

random error

ZHH random error

C Dm Standard deviation

ZDR random error

1 1.1 1.2 13

ZHH random error

B 2.9 Retrieval

(b)(d)# Nw4p b a2 4p $H%-28 £ (%)

10.655

0.16
x 0.65
=]
N 014
0.12 0.645
0.1
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(b) Nw Correlation coefficient

0.69
0.68
0.67

0.66

0.65

0.64
0.63

R random error

=]
N 014 0.62
0.61
0.6

0.59

1 1.1

1.2
Z random error

13 14

Nw Standard deviation

0.1
0.095
0.09
0.085
0.08

ZHH random error

0.2

0.18

0.16

R random error

F 0.14

0.12

0.1

FE A 2 MR A R % 0 (@)(c) 5 DmAp M il E AP $HEE X (%)



PPl 0605 rhv > 0.8 - (b) PPl 0605 rhv > 0.95
- -+ 25(427699) - © 25(413014)
30 (356389) -+ 30(349482)
5k 35(213274) 5k 35(211251)
< 40(116215) -+ 40 (115367)
4 .+ 45(45263) 4 .+ 45(44831)
— 50 (3409) — 50 (3387)
& &
g g
e 2| e 2| :
é’ 1 é’ 1 j “40 mm/hr
z z A;V{O mm/hr
5’ 0f 5) ol
Ar Ar
-2 -2 i
3+ - 3+
4 I . I 1 . I 1 4 . 1 . I 1
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Dm(mm) Dm(mm)
PPl 0605 rhv > 0.99
25(334832)
-+ 30(290789)
5k 35(179712)
40 (92757)
4 -+ 45(33123)
sz 50 (2155)
‘?E a3l
"-E 2 =
£ 80 mm/hr
31 u_\;‘d() mm/hr
3 —
g, ok 10 mm/hr
ar
2
3
” 1 . L I L . I 1
0 1 2 3 4 5 6 7 8
Dm(mm)

B 210 fI* 72k RHva’ff}'/,ﬁ“,fl

(€)0.99 > ¥ Ruv ™ H3H 4r > 1~

a)

10 km

®l 2.11

i chRetrieval 7 #Ruy P 1 (a) 0.8:(b) 0.95;

D % l’%’]

logNw 17 L4k i % 4% %

Background Radius
1 km

Convective Radius
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" (a) ) 200»8061'3 1930 UTC . (2]2) 20080613 2030 UT

4 ; '5,"*' X %, ‘ﬂt - b2 :

215 o2 .
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