B (L] D

’355’%’5‘5%5 : “'\L\iﬁjﬁffﬁl#\'é?%ﬁn}

It I R B R

T B B

LUEREARY ¢ SN 97 & 8 E] 1 1= N[ 97 & 10 £| 29 !

F FI N 07 11 E]



FI1SE 2 P S B ) a8 3 5 — (gl (58 QPE /530 3L

!

g’\@;@]?ﬂ’ﬁ“%ﬁ%ﬁﬁ?ﬁ,“ﬂ\laﬁonal Severe Storm Laboratory; NSSL)¥%fkH™ I’ﬂﬁ]l =
HRF T AL FUE Ut IPEERRTTACE ORI T 5
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1P & S F TEY A F][] SPOL (S-band polarimetric Doppler radar system) |’ﬂ
fy [~ FrEH SoWMEX (Southwest Monsoon Experiment) > ~ 7 TiMREX
(Terrain-influenced Monsoon Rainfall Experiment)#f et 2 #[H] » 504 "}iﬁT&
e B AR 0 S EL IR TER - SPOL G - et %) G
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— EIE[%J

Elwbg’\[@%ﬂ’? ’F‘%}l%f.’ﬁﬁf’maﬁonal Severe Storm Laboratory; NSSL)[H™ l’ﬂ
(SR EE T AL T aﬂﬁ TR R BA T
R R VR MR 1 8 R B
LT R T SRR bR B i 5 (Baldini and Gorgucci 2006) ~ i
R R ORI R ? S EH O T
SRR [ W V“fﬁﬁm_’;"’:zﬁ”?ﬂ P - L
Fl S PSR AL

PS8 SCF TV ELF|[H [SPOL (S-band polarimetric Doppler radar system) l’ﬂﬁy
("R = U > J1dBZ > Kop ~ Zpr.. S F"NSSLLﬁSPOL[ﬁ]ﬁ][ g
SOWMEX (Southwest Monsoon Experiment) » <~ #TiIMREX (Terrain-influenced
Monsoon Rainfall Experiment)# & 5} & #AL] » amﬂ?’\ p{ﬁT (b S YR - S5
i E’%[P‘Iﬁp\mﬁm%'&?ﬁ ;‘"JT@?EU .{ fif— %JWF[JBﬁj —T[F‘I EIW‘ ﬁ{—ﬂj]&, I/?[ﬁ
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’F"[ 15> &= "|(San Francisco)>3E ¥ Zr(Dallas)-> 1 fuf¥
(i[5 ]]j(Oklahoma City) > #2(Norman)
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;LIE[ J#[ﬁljypbqsﬂfl ﬁlﬁrﬁlwﬁ
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j—: \J\L‘\f:FJ

RS SRR TG b SRS
G ol B AN R IR RS ~ 6 P BT B R« AN
GRS m1fW$%m4ﬁ@%®wwm%R%$% fu%lﬁﬁ“ﬁ
[ WO U B s PRI H R G T REIRIRY -
R EI frf pl P Efi[[—'ﬂr FJﬁH 5 T R F’“"‘Kﬁ'JI%FE’LPf"’Fﬂ'H'E
A S 258 (Mesoscale Convective System; MCS)&E =54 —,fq&fﬁﬂiflﬁﬁhiﬂ«%y H]
% 20 (0] MR ALY B < IS4 4 (2008 55 )ik £ SIS F
&S SRR R o e SRR A B R o

SRR R _E?E[J“Ef'.ﬁ? » PR RO EN B 0 SOWMEX - <
TiMREX - *"ﬁ“ﬁffw 1E% 2008 FI'15 =6 *] 30 [! ’#/Eﬁ*&&ﬁt 1 F[I[ES«ILI
SR W i pﬁ%EVw%ﬁ@V%ﬁ%ﬁiﬁ# e
NCAR(The National Center of Atmospheric Research)ﬁ CHF]] SIS K j@[ =0
“iESPOL ; &"ﬁﬁjﬂ%."—?j\%%*%f‘%fﬂﬂ ’L |Eaﬁ)‘“ “E'u I’F‘[;’rﬂhg%ﬁﬂﬁ?’ JFF

%uﬁﬁ?.—ﬁ*‘éﬁ’ LG %EIS ﬁ&% ﬁﬁs : Eﬂjr nU E@ﬂf(o 12, 0-24, 0-36hr)
HI I IEI(0-3, 0-6hr) 1/ B[R [P‘,ﬁ%pagl%(QPE/QPE Quantitative precipitation
estimate and forecast). V'H <7 ISR AR T (R Fiﬁﬂﬁﬁtwﬁ <IN
W4 T RTEETOREES o TNSSLgI%ﬁj%glﬁ”—r[ﬁ,SPOL] A [
2o HrENHEIHT SoOWMEX/TIMREX IOP (intense observation perlod)ﬁF 1%fQPE
AU -

?V%’F'JI? Z(Brandes et al. 2001; Brandes et al. 2002; May et al. 1999; Matrosov
et al. 2002; Ryzhkov and Zrnic 1996; Ryzhkov et al. 2000; Ryzhkov et al. 2001)=!
AL Ry [ R Y QPE S E"F Bt = E R R = R s )
7](Drop Size Distribution; DSD)ﬁUﬁ%“;{*JEﬁJ[ Ao RS R HTEY Z-R Bﬁfj]%)%[f N
BRI« UL © ST H S T %ﬁ%ﬂ“’Jbﬁ%%@
T iR e E] EJE'ST%:, FoH | WISV E o P EJ’FIIT?”J t(Doviak and Zrnic 1993;
Bringi and Chandrasekar 2001; Zrnic and Ryzhkov 1999; Vivekanandan et al. 1999'
and Straka et al. 2000)#’[L > Jﬁ‘/[ == H?ﬁ | )RR gk 2N YIRS
0W&ﬂ&1q%%‘%%ﬁ”ﬁw%m%ﬂhﬁfﬁ? ’»ﬂ?&lwhﬁiﬁéyj
[ Af< =" i 55 KEi(Hydrometeor Classification) » I Jb’QiFﬁ DSDs %7 Y= iE
—H T S ~'*ﬁpj[§f<vj<%fjru o

(—) (il (™~ Fr EHERFT QPE k™ [RCH

Ryzhkov et al. (2005) 7+JPOLE (Joint Polarization Experiment)Hlﬁﬁ??'F@fﬁ[
NSSL- I/KOUN]H?E{H “aE 4325 H(Doviak et al. 2000)!) b*[ﬁﬁﬂ 73 P g E
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=99t > Ryzhkov et al. (2003a,b)!"] & Ryzhkov et al. (2005)*1 53 W[ {fi*']
é é‘j ' 52(2D-video disdrometers; 2DVD) ¢ F%”FTH |F‘[;’rﬁ | & fifi e pRAT
l";i‘f_'*[j:ﬂﬁe'}j‘?f“ 2 Jﬂ JGamma DSD (Ulbrich and Atlas 1984) :

N(D) = NyD"exp (-AD)
Fl’,%fﬂl[ﬁjﬁy[ Py [Flli'é! (K=" Zy (radar reflectivity factor at horizontal
polarization) » Z £~ 53k Zpr (differential reflectivity) FI =2 il f1 50 22 Kpp
(specific differential phase)tﬁ’Gamma DSD}VRH 7RI’ #H R(Zy) ~ R(Kpp) ~ R(Zu, Zpr)
SRR VR R o N mm™ 2"1 )RR 0 p I DSDE A
NEIRE S A(mm D) en A Elh&kpﬂ%{:«i« F o Dimm) K R ST
(equivolume diameter) » N(D)E[[J LN 5 ”ﬂ Fl s jﬁ][ B B T e
DSD=* 2DVDHT[E!f JDSDWE,LH (Bringi et al. 2002, 2003; Brandes et al.
2004a,b) °

EIIV\;‘[JE'JZH J ZDRJ’:[[KDP& SRV ]EF Uﬁ'ﬁ%ﬂlr]@l E lLﬂfﬂ | ) e B
S PUESEY — (Ryzhkov et al 2003b) * 11 Zpr* ;;.t A R [ A= P [
(Seliga and Bringi 1976) » Sph5 [ < fi = pﬂ[ajj S SRR S RERE RN R
F[fjf@?—’_}l:[ﬁjf@?{}l:[ ° ZDRE' lﬁ.lggu{%n ‘,qu:;ﬁ, @ [[fnkg\aﬁg IS/ 3 T‘%F%}’@;;‘@‘EI L I'FLI
FTRERY Ffle AV ] TEI#gFEEJ[ﬁjJ(RythOV et al. 2003a) - Seliga et al. (1981)
#1Gorgucci et al. (1995)=15 L[' P Ze  Zpr “J?}%ER(ZH,ZDR)[ﬁm ST
i L R(Z) 1 P ¢EMWE”’%iSwZ£”@iH&w®sﬁﬂ
2002)> = E,liWEWR(ZH,ZDR)F?[F‘IgfﬂJB§1J£'A [ FJ‘?F'f:J'*‘\J?@E{*J 1UEY /%F’?IHE‘/
L i R(Zy) ] (Seliga and Bringi 1976; Ulbrich and Atlas 1984) - ff!
Chandrasekar et al. (1990)‘]EUE}ZDREIUK‘EJT;#%&}?—Q%;“JLIjf’F',H', T E JY;J\‘%ﬁ[fE%ﬁ?‘fﬂ » fli
IR [ F P ER BT jﬁ ’—LJﬁ,J‘EKJZDR ' R(Zpr) I"FﬁE [ £ FT I"ﬂl'% ,
(EF EIR(ZH)]‘FferF E%Fﬁlﬁﬂ%’ﬁ[lﬁﬁ‘\ﬂ s L FWFR(ZH,ZDR)emﬁﬁ"[Ff[;,]Lﬁi‘j [yl s
F TR S

[N R(Kpp) & R(Zpy) 5 DSDA [ 21 ¢ | it /| pu k34 % (Sachidananda and Zrnic
1987) » S5y By~ e Eﬂf‘ﬂ 2F-F (Balakrishnan and Zrnic 1990; Aydin et al.
1995) » [T Kpplli4 I 24 dpp (differential propagation phase)fi~ 57 [fi s
PIFKpp ST Zy » Kpp3ih B gl W%ﬁ@% + VRS q’l‘?fﬁf 3% Ul R RE
i o BT P TRy B SRR %*swﬁf’ {%(Zrnic and Ryzhkov 1996) » =" F=if
L (AR BT BT B 1 - 530 R(Kop) # 15 FSE 0 5
(beam blockage)#{1 5! ﬁ[J [{i$%(anomalous propagation; AP)FYZF - [LIR(Zp) F[HF 1
1= ['F‘, [F¥ % £l (Ryzhkov and Zrnic 1995a,b; Zrnic and Ryzhkov 1996; Ryzhkov
et al. 1997; Vivekanandan et al. 1999; Brandes et al. 2001) » 57l {fi ' |[R(Kpp) [’F‘,;f,ﬂ'lfj

[ BT IR (Zy) ]‘Ffl [ &l e p YIEE(Ryzhkov and Zrnic 1996) © [NIF=i'; :EFFA'
KppH1 Zpr[i™ & @ﬁ l?, [ Y lﬁm B =V Py =2 B lﬁ‘m ol [5  (Jameson  1991;
Ryzhkov and Zrnic 1995a) -



Ryzhkov et al. (2003a)ffi# [JPOLEE] 2003 & 5/14 i 8 » 7 15"
P50 " IR(Kpp, Zpr)fY I'F‘IE [ E}gfﬁ:&‘F{J a;r%n: Y I'Fflf F{U]”-: &1 o Ryzhkov and
Zrmc (1996) > Brandes et al. (2001)P i M 3 R = 311“ 4 Ef( 1) > R(Kpp)
Y Iﬁ[ﬁ[;@‘ﬁ'lr VIS o o 2 e }ﬁ‘/iJ fofiE e a:fKDpp F e

E‘E & ﬁ"’é T ﬁlLJfl@[ (Ryzhkov and Zrnic 1996) - Ryzhkov et al. (2005)f35DSD
F“wﬁajr’?ﬁ\' > FRCTRERN R B e | R Ip‘l 32 Y o 1 R(Kpp, Zpr) " DSD
AR [ I [RE AL T SRR e B R R R [ Y S T o ] PR (< 6
mmh \PELK ppflIFEFE % 0 F T IR(K e, ZDR)E'[J 16 [R[REY [Ff[;f/ﬁbpe'%" k=

I Zyfs FKD =2 Zpr A R(Z) - i{ﬁu[ﬁé’éj <(> 50 mm/hr) » ZDR%DZH?B Sl
Fﬁ ) T A AR N | e E,IE IR(Kpp) ¢ |F‘,$7T]F“ |5 © Bringi et al. (2002)*" 75
[EI < 0.3° km™! (R <20 mmh )ﬂ JKDpwrfDSDﬂJ‘;iFh » Brandes et al. (2002, 2003,
2004a,b) - ﬁrﬂ; o PO ERE 32 R K eI TR 2 EERRHVDS D]
RO -

(=) friffy {~BAE QPE W F Fﬁjyi
1. QPE i :

#%‘ﬁ”%ﬁ'ﬂ’%@%{ﬂ v SPOL fiifhiy [ S (B 2o ) » & 7.5 558
#Ho1° h?“f??ﬁ(volume scan) » F|[* ¥l Zy (dBZ) ZprMIKpp 22 By 1 74 [T]] ¥
R[] IEIF' INEXRAD (National Weather Service's Next Generation Weather
Radar)@iffﬁZ—R%ﬁfﬁf?ﬁ + Sachidananda and Zrnic 1987 ~ Ryzhkov and Zrnic 1996 -
Ryzhkov et al. 2003al"| = Ryzhkov et al. 2005 F{|*| T [ilfvDSD] ”ﬂJ il ’VR(ZH) .
R(Kpp)I'|  R(Zy, Zpr) 57 WI:E = QPEYY » V“EFF\ F‘ﬁéf Eﬁ[ U ffl §Fl

il U[PL'” R v, ﬂﬁl_'\ A ['FPI‘H%j | (732 (synthetic algonthm)

= '_‘BX_I [ﬁ[m

(D)R(Zy :  R(mmh™)=0.0172;""" (The standard NEXRAD relation)
R(Kpp) ©  R(mmh™)=40.56Kpp"*" (Sachidananda and Zrnic 1987)

R(ZnZpr) - R(mmh™)=0.00683 Z;;>%°7,*%
1 Zy=10""7 Zpr=10log(Zi/Zy)

Ryzhkov and Zrnic (1996)TF[L|' TR R N 1f’\*1r§TKDPEfF’?IEJ 2 I/Eﬂ
i HEEE ’FAA';L"_T&}'KDPF,J [y 2 o ) Ay Tl Kpp o ﬁ]’ft FllﬁKDP
EH1(Ryzhkov and Zrnic 1998a) » I') % 7 [ fh = EJJ“ RSP T?“FLWKDPFH [@j ;
R l’%HIKDPF’?I'ﬁ[ AR B9 > Ryzhkov and Zrmic (1996)F§N1Er =
FITER T > PN BRI PR INIESH P2 R(Kpp) S 1D -
R(Kpp) ©  R(mmh™)=40.56|Kpp|**" sign(Kpp) (Ryzhkov and Zrnic 1996)
['ﬁI;ETJr%F:J?f;J (75 (synthetic algorithm) : Scheme I (NCAR)
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R(Zy) <20 mmh™ : R(mmh™)=R(Zy) (1-1)

20 mmh™ <R(Zy) <70 mmh™ © R(mmh™)=R(Zn,Zpg) (1-2)
R(Zy) > 70 mmh™ : R(mmh™)=R(Kpp) (1-3)
Q) R(Zy) ©  R(mmh™)=0.0172;""" (The standard NEXRAD relation)
R'(Kpp) ©  R(mmh™)= 44.0|Kpp|"*** sign(Kpp) (Ryzhkov et al. 2003a)
R(ZuZpr) : R(mmh™)=0.0142 2" 7,7% (Ryzhkov et al. 2003a)

fﬁ,%ﬂ%ﬁzj%ﬁ [ (synthetic algorithm) : Scheme IT (NSSL, Ryzhkov et al. 2005)

R(Zy) <6 mmh™ : R(mmh™ )=R(Zw)/fi(Zpr) (2-1)
6 mmh™ <R(Zy) <50 mmh™ : R(mmh™)=R’"(Kpp)/f>(Zpr) (2-2)
R(Zy) > 50 mmh™ : R(mmh™)=R’(Kpp) (2-3)

1 fi(Zpr)=0.4+5.0 | Zy-1]"°
fo(Zpr)=0.4+3.5 | Zy-1|" (Fulton et al. 1999)

Ryzhkov et al. (2003a)™! Efrz&iliinisi QPE it /1By QPE ¥t glﬁ » [RP=ETY

'W”?E[J*F"H[EH I km [*[*% SPOL fiiffy (@ FEE TR HE S5 QPE v [l

AR Fgﬁﬁ =h [":[‘I

2. gjfﬁ[ QPE 1 -

141—:‘?]’;%[ I/[ JE[JFFH F'ﬁj [q:JEy@‘,ﬁ: , 9f_H_[J ﬁj&}%&
(1) == SPOL {i:jffy {~ &3 I BHEE ] 34 80 km ;
() Fij;lfﬁ%!ﬁﬁ. 74 (above mean sea level){=F" 1 km ¥ -

HE 57 [WF‘[J%M%[ 1)i%5 QPE #Iﬁu S BB BV [ (ground truth) -
i [ SPOL fiffiy "~ #5E QPE l/{éFEm .

(_:f ) Pﬂﬁ}l R QPE %‘EJB—-E[F“I[FE[

©45(2008)F |1 SOWMEX/TIMREX 9 5 10P (H 520 B4 2)10]
]IV S5 5|29 FI ~5 F] 31 FI(IOP2 ~IOP3, case A)~6 | 2 [1 ~6 *] 5 [ 1(IOP4
~ I0OP6, case B) ~ 6 | 14 ~ 6 ] 16 [ [(IOP8, case C)%*ﬁf\fé‘{ﬁ[%*ffiju'i » FEIE=3 ([

(et g SR o [ ok 3 5 HJ; F‘[ > case A JL % W] > = BrRLEYTY « MRS
Hi‘ﬁ el 2 ER 1FL Jjﬁmﬂjﬂjtﬁ’r‘ SRR B}Zj A Wk d 55 [[Jﬁ’\ﬁf& +

F[ FIT~ a5~ BAEN 3R] A0l £ > AP R & AES 250 mm ([
2a) o case B % % WIHIIR 0B MR SR iRl SR EIRY L T (R 9E > R E ) 850
hPa g =L ~ f[ 1M (R %meso-low)é‘?ﬁ MU Jf h=(mesoscale vortex) ][+
9 MCS > {170 ] R R 100 mm oy 529Gk POl £ HILRLE 300 mm - ([



2b)ecase C 5§ & HfH]» ]’FIJE’\Hl@'iﬁiﬁ%ﬁﬁ%’é‘ﬁbﬁﬁﬁjj“—TFIJ’EG@{SquaH line)744%~ 6/14
0130Z TUJ_ b el i m(q%ﬂﬂ D) LT [ [H ﬂJﬁfi[P(quaﬁ stationary )< -
— Igpﬁ pjasﬁjrﬁwﬁﬁf,%l#}ﬁl[ﬁ ﬁlJ’%&{r[j\l%_F[ﬁE&:@ N
fﬂﬁ,’ﬁ? 200 mm EISJE%%FLJEL]I J ﬁ,’ﬁi’EﬁﬁE[ﬂH'Eﬂ 500 mm I') k. [/F B @(ﬁ%ﬂ 2¢)
[fi' 3 Ficase Af[1I'] 5/29 0100Z % {71 1.5°[T1 £ (BRI (' 32) 2 H Zy~ Zpr ~
KppBWRIE 55 02 1(-1) ~ (1-2) ~ (A-3)ZY57#H V R(Zy) ~ R(Zu,Zpr) ~ R(Kpp)[=£ ]
B 3b~d) LG I B ) © 7GR R(Kop 987 1
K520 mmh P B IE EE B3 *ﬁ@?ﬁu lﬁ'ﬁ[’j@(ﬁ%ﬂ 3b -~ d) o [EHFSAES 20
mmh [f*r [k 3 R(ZH)bR(KDP)EU IS > = ROKop) TER(Zi AP R
VAT Fy AT )« [ R(Zin Zog) MRS R(Zi) ¥ R(Kpr) » TERRT|F » V158
R Iﬁﬁfl;ﬁﬁ PV o F T S [ [ T J ]2 Jk([fsﬁ‘ 30) ’EFF[
R(Zr) ~ R(ZuZpg) R(KDP) HEEF Ff;%l' 7t I Scheme I[E " Jﬁ‘%&]«n— A |
T HR(HYB)(If! 3¢) » HZTF[HRR(Zy) = R(Kpp)HE PO fif 3 - (HHER(Z0 Zor)
IS F g [ e ['ﬁl?rlﬁ!ﬁ ' BLR(HYB) ' | R(Z) & R(Kpp) Y % I'FL[ R VRS
R(ZH,ZDR)F'@FFJI?I  (E R R R(HYB) == A Y 57 [ & *ﬁg'?ﬁﬂﬁﬂjfji'
(Gauge);[/ﬁ'rf‘ﬁm%}[ﬁ EiR(HYB)Wﬁ :l [Eﬁ [‘Fﬂ(q&ﬂ 3f) » [ﬁl 4 [kl case AF[155[H]]
i "] Scheme 11V (2-1) ~ (2-2) (2-3)?“‘ ﬁ B)“H[?]% FARTH DRy ]‘Ffl;,ftﬁ,
R(Zw)/fi(Zpr)Z=R '(Kpp)"i ”Tfﬁlfﬁmﬁj fﬁlﬁ[’ﬁﬂR '(Kpp)/f2(Zpr) F tH 7| (ﬁ%ﬁ' 4a~c)’ i
fIR(ZH)/fI(ZDR) R (KDP)/fz(ZDR) R (KDP) R Tdh 'V Scheme IIFHH V[
P RHBR HYB)(H 4d) £ lﬁrﬁp@ FIHER(Z) fi(Zo R (Kpp)fi i
JJI?‘IETFJE'E‘HR (KDP)/J?(ZDR)F' Jﬂg{illﬁm T[N EHH] [0 R (HYB)= Gauge vt IF{H % 1]
HIZER(HYB) T e AR kL by l%lﬁ[ﬂur o FUATAS AL 36
q\%\' 4e) ©
[ 5= 6 [lkLease BIRIT] 6/2 0700ZE% (710 11° & BHRIIIA ~ 5 Zy
Zpr ™ KDPI’EIF' |Scheme I==Scheme IIV [ Y| ['F‘[: VR "/?[F“ ['F‘[;:Hri% q\%ﬁ' 51>
filr =] NEXRAD*E#BRFJE}%[/. "V R(Zy) W R(Kpp) 55 B £ *ﬁgliﬁﬂn | P
[gr,(q%ﬂ 5b~d) [ R(Ze Zo) T O &3 7)) (B Sey2 2l 53 iy Say ez fl)
JﬂR(ZH)bR(KDP)ﬂJ\ Y[R Iﬁ[“l‘[jjﬁf Fl IR rﬁR(ZH) *R(Zy,Zpr) ~ R(Kpp)
= ?, [ = Scheme TV [ T BRHYB) » it LR (2 Zor) V™
=Ry T[Jﬁ"’ﬂl}’(q%ﬂ S5cre) * RIF FJZP\IE@R(ZH)FI’?@ Y@= fl /i %5 Scheme If[ 1A
B(1-2)7 1 20 mmh™ <R(Zy) < 70 mmh"f] i1s IR(HYB)E‘F’Gauge’VﬁJ’TI”F &3‘]'77‘ T
IP={fi = AR 5 ﬁ [ﬁ,(ﬂ%ﬂ 5f) - ﬁ%ﬁ‘ 6 Flltkcase B5i ] ffi*[Scheme 11V (2-1)~(2-2) ~
(2-3)=¢ f‘f‘ﬁ(?]%ﬁil AR VR I‘F*FH%(N TP A I=EE S Vﬁff * R(Z1)/fi(Zpr)
=2 R’(Kpp) T ['ﬁ[E;FEU [ 7| l'ﬁl?rl'ﬁ!ﬁ MRl case A > §ER(Kpp)/fo(Zpr)  H ’J‘(ﬁ‘?ﬁ'
6a~c) » i (\R(Zi/fi(Zow) > R'(Koe)/fs(Zow) ~ R (Kor)= B§th§% (7= 2V Scheme II
T R R YB)R 6d) » i BLE B B P RIS 14 R(Zu i Zow)
=R (Kpp)f UE‘, ST B SR (Kop) fo(Zor)fi fﬁlﬁﬁzjﬁ%ﬁﬁi@ﬁﬂ » BT Pl g 1]
== Gauge ™ (75 ﬁ |‘Ff, (E1El F?ﬁ‘ £ 4\(&%" 6e) o fliScheme IfVR(HYB)=
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Scheme IIfNR’(HYB)=* Gauge:. Vﬁrwﬂ%ﬂ%&ﬁ R lEE 4] IJ%EI%’E@WFJI
q%ﬂ Sf"ﬁ’%ﬂ 6e) °
[f! 7 F[¥bcase CHARI| 6/14 1200Z 511 11°TE BRIIp1 > £ Zy ~ Zpg »

KDP]'EI H]Scheme I=*Scheme I1.V [F | fﬁ,%?“ HrtH ﬁ[@éﬂj fﬁ,?ﬁ% 0 [ﬁj?f%iflfi 'R(Zy)
EmmwﬁWﬁUBT@WHEV@ﬁﬁﬁﬁbd)ﬁ*MQMFﬁﬁ“ﬁ*
[ R(Z Zo) P R(Ze) ¥ R(Kpp) > ¥ 1P ] kL VIBETPaE e T 1 > > 20
mmh V[ Ik > B i [1@4\4} FHL‘IGaugel;EjEﬁ (q\%\' 7c) © [ij11Scheme TFrHH I [

[ fEr W REYB)([! Te) » H Z0F R (Zy) W R(Kpp) TE PO RERY (6T (f > 0
R(Zyy, Zp) ¥ || FORE R (T > BH] 2+ R(Z0) = R(Kpp) PV ST | R IRBER (Zi Zow)
ol @¢WWiﬂﬁlRmmﬁWwaﬁww it 8 3 O 7 -
q\%\' 8 Flllfhcase Coifllffi*|Scheme IV (2-1) ~ (2-2) ~ (2-3)¢ f‘[ﬂéml?}%[ SACERH
R 588+ 51 (R BT ORLR (Kon) o Zow TER(Zu) fy(Zow =R (Kop) 1
FYENEE BN () 8a~e) » (ENTIScheme I 1 [RE Y [’FP[;%%R (HYB)(If 8d) > 15
W RENB)(E T i B ]+ R iZo0 % R (Ko [ 15[ | 1 2
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A1 SPOL iy [~ Ea £ -
S-Band Polarization Radar (S-Pol) Characteristics

Transmitter 2.7--29 GHz
Pulse width 0.3 -- 1.4 psec-tapered
PRF 0 -- 1300 Hz
Peak power >1 Mw
Staggered pulse Yes
Random phase jittf-:-r for 2nd trip Yes
supression
Meets radio frequency management
Interference Subsection 5.2.3, Criteria C
Receivers (2) H & V respectively
Noise power -115.5 dBm
Radar Noise figure 2.9dB
Dynamic range 90 dB
Bandwidth 0.738 MHz
Digital IF Linear floating point processing
I-Q image rejection 50 dB
Mlmm;rgoiif/"fﬁﬂe dBZ 15 dBZ/-52 dBZ at -6 dB SNR
Polarization switching H-V alternating or H only
Mechanical switch isolation 44.5 dB including wave guide loss
Ferrite switch isolation 8.5 m (28 ft.)
Beamwidth 0.91 degrees
First sidelobe better than -30 dB
Isolation (ICPR) better than -35 dB
Scan rate Up to 18°/s each axis, 30°/s with pulley change
Wind limit for operation 30 m/s / 60 m/s (no radome)
Data system NCAR designed VME system (VITAQ)
Number of range gates 4000
Gate spacing 37.5 -- 1000m
Number of samples 16 -- 1000
Clutter filter Single polarization only, 50 dB

Times series (I/Q) capability Yes
Real time scientific display NCAR Zebra

Pun, Pvv, V, W, R(1)av, R(1)vul, [R(2)|, Phipp, Phoyy, NCP, Zy,

ZDR> LDRs de
Recording medium Exabyte, Dorade format

Recorded variables
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#2 SoWMEX/TIMREX IOP IV = oI 50
SOWMEX/TIMREX I0OP weather summary :

1OP#

Date

Weather Summary

1

2

06Z May 19 ~ 00Z May 22

06Z May 27 ~ 21Z May 29

21Z May 29 ~ 12Z May 31

21Z June 1 ~15Z June 3

18Z June 3 ~ 127 June 4

18Z June 4 ~ 127 June 6

00Z June 12 ~ 127 June 13

00Z June 14 ~ 127 June 17

06Z June 23 ~ 127 26 June

a) Frontal circulation

b) Upstream environment for orographic convection

a) Southwest flow interacting with the terrain

b) Upstream condition for mountain convection

¢) Lee side vortex/shear zone

a) Orographic/island effects on the Mei-Yu/LLJ system and the
associated convection during frontal passage.

b) Mesoscale environment for heavy precipiation

a) Mesoscale convective systems over the strait and the SCS

b) Frontal system over the central Taiwan strait

c¢) Mesoscale environment for heavy precipiation

a) Mesoscale convective systems

b) Quasi-stationary front

¢) Mesoscale convective vortex

a) Mesoscale convective systems

b) Quasi-stationary front

c¢) Mesoscale convective vortex

a) Convection initiation

b) Orographic convection

a) Southwesterly flow interacting with the terrain

b) Upstream condition for mountain convection, low level jet

c) Mesoscale convective systems

d) Mesoscale convective vortex

a) Typhoon Fengseng track uncertainty

b) Typhoon induced southwesterly flow and related heavy rain
systems
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[ A : Polarimetric Estimation of Rain in the Presence of Partial
Beam Blockage (PBB)

1. Impact of PBB:
1) Z is negatively biased

2) Zpg might be biased (mainly in the presence of semitransparent targets nearby,
such as trees, etc.)

3) Kpp is not biased
4) ppy is not biased if SNR remains high

5) Statistical errors in the estimates of all radar variables increase due to decrease
in SNR

2. Identify rain gages in the areas of partial beam blockage. How many of them are
there? At what distances from the radar?

3. For each “blocked” rain gage, estimate degrees of blockage (in %) at all antenna
elevations up to maximal partially blocked elevation.

4. For each gage location, compute the following variables at every radar scan and
every elevation up to maximal partially blocked elevation.

1) R(Z) averaged using 5 gates centered over the gage location and two closest
azimuths separated by 1° (10 gates altogether). Average R(Z) rather than Z! Use
formula

R(Z)=1.710"27%""

2) R(Kpp) averaged over the same area. Average R(Kpp) rather than Kpp! Retain
the sign of Kpp! Use formula

R(Kpp) =44.0|Kpp 72 sign(K pp)
3) Average Zpg.
4) Average ppy
5) Average total differential phase @pp
5. For each storm, prepare the following ASCII arrays.
1) Time vector containing time of each scan (nt values)

2) 2D array containing information about degrees of blockage at ne antenna
elevations and range for all gages. The dimension of the array is ne+/ x ng
(number of gages).

3) For each of ne antenna elevations: 2D arrays of R(Z), R(Kpp), Zpr, piv, and @pp.
The dimensions of each array are nt (time) x ng (number of gages)

4) Hourly rain accumulations measured by each gage (nh x ng), where nh is a
number of hours.
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[fj&~ B : Polarimetric Detection of the Bright Band (BB)

Radar reflectivity (dBZ) Differential reflectivity (dB)

(b) ™

50

(@ ™

50

-100
X (k) X (k)

B 1 NSSL#7/2. KOUNF £ 2003 # 6 * 4 p 4.5 & ¥ & 2_(a) Z;(b) Zpg; (c) Hydrometeor
Classification 2 (d) p;, & BLB| 3> BB 14 7 2. $F4

FHBRTHRT 1 Bt > [NZ, Zpr, pud BRI > 2T ASUAREE BT [(Fuzzy Logic)
AR e = 50 SRR o | ZPHEEET N (BT 1a) ~ Zpafift 5! LT B T
(FFTHAT 10) > o= BUTVIRERE R(PFTTH 1)) |0 [ A< 7 2815 S Wet Snow, WS,
i 16) > S F [ IBB -
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[fj& C : Polarimetric Classification of Radar Echoes at S Band

Classes and variables:

The suggested classification algorithm distinguishes between 10 classes of radar
echo:

1) ground clutter / anomalous propagation (GC/AP),
2) biological scatterers (BS),

3) dry aggregated snow (DS),

4) wet snow (WS),

5) crystals of different orientation (CR),

6) graupel (GR),

7) big drops (BD),

8) light and moderate rain (RA),

9) heavy rain (HR), and

10) rain / hail mixture (RH).

The algorithm utilizes six radar variables: radar reflectivity at horizontal
polarization Zy, differential reflectivity Zpg, cross-correlation coefficient pyy, specific
differential phase Kpp, and the texture parameters of radar reflectivity SD(Z) and
differential phase SD(®pp). These six variables will be directly used in a fuzzy logic
classification scheme. Additional Doppler variable, mean Doppler velocity V, is
utilized for discrimination between hail and ground clutter / AP, although it is not
included in the set of input variables for the fuzzy logic classifier.

It is more convenient to use specific differential phase Kpp in logarithmic scale
rather than in linear scale. Hence, instead of raw Kpp (measured in deg/km), we
introduce the parameter LKdp which is determined as follows:

LKdp =10log(K,)  if K., >107 deg/km
LKdp =—-40. if K., <107 deg/km
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