5526 % 56 )
2015 4 11 A

VAN S O 4
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

KA Jo B » BEZAS - 28 58 00 90 R 0 o T B AR . I R 2741, 2015, 26 (6) 1 641-657.
doi:10. 11898/1001-7313. 20150601

58 X it R S UE T U o e AR g R
AN

FREHE B N Mk HENMRK EXH E W

(HEZ A4 %0, st 100081)

AR

m =

38R X JAE TR TR 556 35 M N0 L A T L O A 3 A O T X A A TR KT O AR 4 i BE R AN O R
AR BRI A B R AT R L LR Z RGBT R E B TR EARR R P RIR G . MRS
fi i R JR RN AEE AL S5 ARAT T AU R A [R) 28 2 55 0 Ui R AR B PR % 4 8 T A R AE L AT RLSE B A R
55 77 by A5 Rl 55 AR SR AL T 0 BRI B R ST . DRI IR L 20 RUBEIE B BOR LR S AR 2 4R 5 1 9 i 3 AR 4
AR EEAT W S B R RS L IR TR B AR AT 2 T T X AT 40 B R 20 B R R A AR B 5 Ak B AR
S IRAR T A T RO (R R TR O R0 22 88 Dk 114 0 58 X TR A A TR B AR DAl 55 AR AR M T
AR TR R TG WA 2 RUEE 8 I S AR B R L 22 RUBE 3 A 9 A LA R il R I 041 6 AR L 2 S O
PSR 2 86 28 7 15 19 L T v 0 B A BU(E (R B ) B A X 0 A [ 5 58 288 20 A0 A s 1 1) 2 24 5 0 O R 0NS 4 1k (R

Vol. 26, No. 6
November 2015

) PR AR SR AR A R ) EF 51
KR MRXTVR; WSO W PR B TR R

5l

i

G N AR W KA B TR AR
B2 B i S SO I Ty 3k 0 I R AE R R
B TR R X 9 (DMO) 7 A B AL 45 vKEz L R XL e 4
SRR SR A R R FEE RN AR R AL
R Jry MR 5 L B BOR SRR A . 6 R A PR BE
LG Bl EL P 3 X R ROR G IR R W HLTE 3
I, Doswell ZE 1 ffi F§ DMC #CHE B X A4 % ok
AR TS S AR E

SRS N O O 1 NN U el i 5 <5 e 71
. PTEIZ R RIREE SRR
SEH B E AR 5 mm KL UKE AT GO e
17 m/s(8 3 8 %O KUk iy 2 KX 3 20 mm/h
B VA 1 0 S B 5 B K SR AT B — P sl LA R, R
I TR H 0 (SPO) S S 3R X 37 %S 45 1) 2
P AR 25 mm K UL A VKE (ARG E R BN

2015-08-11 Wi F, 2015-09-06 Wi 3 FE e Fi o

19 mm & VL 1) .26 m/s & VL I 0955 2 KXl AT ]
oM 1 A S AT R — Fh s L AN KA 1 A% 51 mm
KL B vk JEF2 % DL e 33 m/s LA |
1) B 2 R — Tl LA R A 5 Sk K X i
KA

I H A8 B A 5 R I KA SR
11 2 [E] SPC Jf A< K Jo B 5 B 7K Colg %o 3 M 2 FRD 28
SCNTRXT I RS . {H Doswell B35 B i 8 1 20~
25 mm/hCBEA ™4 BR D 1) 58 [8 7K U2 28 Oy 38 X 3 K
S WA RN el B 1 50 mm/h 1Y 5 B K I 25 Sl B i
SRR AR s S R K R RS B T UK g
PRV, ARG TS 2 0y 3 1 s 5 F K & A
SRt L aA B B 50 mm/h SR A K O A
A A A AR A R o R

SARGE T I 5O It R TR 1) 0 LAl Pk AR
Z—o FEE X R ARG T R R H R
BOAUA R T ERA VB P REXNRE GRS
SABEFRAE L I8 25 T FG A 58 R 0 O ] 5 R UK A L e

PERHIUE - [ K A LRI K TR (2013CB430106) , [E K A AR = B 4 WU H (41375051) , 24 25 HEAT M (RO BHF L T (GYHY201406002)

* email: zhengyg(@cma. gov. cn



642 VA

5 26 &

B TR BRI N R K R /N T 25 mm S 3R i
KA AR TR A9 & 2 VK A R AE
Giit TAETF R . H A e 4, d5c il A A 1981—
2010 AFEBERMA T AR 57 R Y T AR L T R R K
VRS 2 R X e 4 45 0 SR AR FR E A TN
P A3 A1 A A A 43 0l T O 0 R e 3 DA L R 47
FORMRASE O 3Tl 0k TR YR R A R TR E
R X &R 4 (MCS) | X i KU 28 L 28 55 0 A Y
SAREEE AT B 2 WF 5 L SRR R MR
F , F R SR i 1 5 R I TR R R A R AR, [
B R E A B — 2P 4 b7 58 1 3R A W) A5 90 R
X 3T IR AR T FF o U0 3 Ak 1) 6T 9 3 8 B L3R
Be 4 AF 53 A B SAGE SRR AE S AS [ 3 88 0 BB v 568 % i
R AT 4 e A R S At

D T N W 14 O (R B e LU o TN B LB 1
B JLANTT T . NI A 5 X R R AN R G A R AE
SRR LSRR AE 43 AT R T R T AR 4 A S A
AV ) D) 35— O 0 K B %o R R RS kA R R
A5 Ak Ko FLAH 6 R A5 A 1 AT 1R R0 WA i A 2
UL 00 0 0 O AR R ity R A O AR Y b T
BEmad R . — Ok YR M ER S 0~3 d iR
W RS 0~12 h (P RS TR, AL
HEL(WMO) 2005 4F 5 X Iifs T 1 4 (sl FR o0 06
BF4R) S 0~6 h R BCHE T Z Ik
AP O B R 55 O 0~2 h R R
AR AR A AT AR L R, AR SO KR 0~ 2 h Y T
AR AT TR 2~ 12 h FRA A AR . AN [A) R
FE R FR G0 W] TR AN (] o R 0k o AN ) B 2640 ) 5 % 38
KA T CTE FOATE B BAR T kAR ] .

F[E SPC & 37 1 B B REE L /)N B 42 7% 5]
8 dsm XL A SE R 55 R R . R B KR
b A BRI K AR IHO 55 R T 2009 4L B F kA
BT T 25 58 R 43 28 5 0 I R ARS8 B W T &R
g P RERA T R R G & 0 & W R
R L (T =0 O 1 N Y - T R [ |
SRR I R A AR & 0 A 288 R X I R AR B L Y
Rt IR LA A 224 A AT DL A A SR AT R M 45 R AR T
FRAGME 2 — . A SCTE B G5 B8 ki R A W L AT
TOUAT RN T 4 R e L hh g ROk TR, L
T RE % X 5 X IR R AR AW R RIS %

IR PO R PN ARIIEF N

R U I 9 SR B

375 95 0 I TR AR 0 1 M 0 S ARORSE 1 SO0 e} =
EARGS VRN R S SIS HER /3N = B K
St ORI DAY FEL U T3 SO0 00 R R UL 45 . i 3K
1RG5 TR OB EAT AR 55 A I 7] 73 k32 R 0 A1
T B VE » PRI, AR B T2 B W B P T 0 X U
KA
1.1 BIRRKIMEBEN

AN [ W8 I 5 B A AN [ A L B T X SE Bk, R
B ISP Sk LN Iz:s SRy & |
RPOEI MR WMARGE ™ . ZREAMUE
AN [ 24 B i X6 i R B GR 52 0 » 30 M 0 DA i, 3
AN TR BE MCS T i XU 1 TE00 R B3 45, JF i
1 ab 2R R

R b TET U I E R 8 45 AT A ) WL 2 2R
ELIN 23 73 BEAAIR , H SRR B BEE TR b R
TN BT[] 73 % 58 AN A 1 T AL o H 25 [0 7 3R AR A PR
B 3R WL RE 8 45 1 3% 22 10 A L DR XUSE
{H B = FTEE I RGO . A 3G i /N R i
PURIIIN: AT ATARIIPENIN Y ) O N W 17 & IO AR R 2
i T — 25 4 IR R0 S WA ] M BT ) MCS RRAE 4
JEER A R B X O B IR R

A3 = A M DN 5E 7 2R 58 RE 6 i 11t 3% 22 % sy 1
23 03 PR 3 A W DN E A 2 i R 0 3 DR B
DX a0 S 30 e 4 4 S 5 T O XY A T AR AN R 0
i DX 33 0 LA B 5 (] I T 3 A R i 000 %o 0 AR 4
MR Ry R B AT R T AR R U R e ) = N AR
B KT 2016 R E RS E FY-4 5%
TR TN H AR AR RE 6 i it 5 TR 1 K e i DX I
14 R I 25 0 B S50 DA f M 000 %R L R % 5t DA Y
AR FE K B R A e T A N L I RE T . 56
GOES-R TLRMAE 2016 4F &t K #5 BN L 5E 17
i GLM(geostationary lightning mapper) ,

HT F I 23 g0 B 258 g AV 1) = 4 2 1) 8 o 1
23 ) R IR BRSO T R K AR I 2
EREE PSR NSNS, SN 2 A D)2
) W I B i 3 U ) B R, SR K Y T
IR SR AR PR AR S ek T R (]38, v R AR T R A
B R T 0] 2 48 s Tl R KX R A i 7 3k WL
FRAESES S . BT 2030 ) R AT 3K WOk i ax 2y
fIE S BRUKET L A A A e R A A5 1 R0 Bk B
BAFE TR R GE Y Bl A [ AR AN R K
SERE ST BE T A8 A A I BOHE R R 52 A
P A S Ty N L = A1 = [ 2



564

KR 7K e 25« B 0P A IR M 0 A P R 643

Rossi G515 fd F 5% 2 [A) RT3 BORE R I RSOR 2 45
5 VW 8 5 1 6T A XU B ) 43 5 L R R R B
4R WIESE BT T AR R UK KU SR 1 2
B R AR IR HRE

XUl i 22 5 8 R <7 I8 WL B ) BB 6 42 Ry A 7K
KT TE 2 R AR 100 DU a4 i 8 o B K A
DA 0 PR 18 R 01 58 4 ] DRIy K 8 7 % b 22 I
A58 A AR R T w4 EE R E ST 5
22 8y R R M 55 T A B AR B T2
1.2 BXRRSRSZEN

DR P, 2 0 U 1 2l Y — b Sz il s BTt R 5 0 R
SRR 7K UK IR 2R R KA B 0 i R R R B ).
KRR A % B o b DX TR P (A 455 3t D) A 2 TR
I 3l -5 0 T 3l DX R K A A G R Bk ) 0. 826,
UKL | B B RXUR A ad A vl A 45 s L 91 /)
Ho PR T B 5 FE X I AR G b T R R B B, TN A
EAFAEW] 0 BRI B4, Schultz %50 & Jig 58 3%
T TR FL R A 00 R R ) A R 3 3 S iR
X o

FEC KR T 4 E G =4 TR s PE
P B B KA I 22 52 He WDSS-IT & 45 v] 42 it 55
] A ol 8 A X3 1) K R TR ) XU 3 B R R A A U
SEFE PR ESY  vRE R R T 4 EE KR =
AR | W e S v R N N ) A 71 S PR | K R S 5
AREIOT S i 5t 2 2 B 5% ] R ] e
4 [ D IR 55 2R GE A7 i

#HE FY-4 SRR DPA EE GOESR TLA K
W MTG TR EHCK S 15 DA% /e 53
O3B PR A L I A ) PR R R A ALRERS
Wl KA P 1 = B MCS {5 B 386 BE % 38 B 23
DR T B 2 LA W00 %o A ) R AR AR . sk e
DG RLARACA] LA 38 B MCS, 38 1] LA 43 BT 4 i
15 3 A [6] % R B B 1) R AIE « X6 Ui & A i 10 R AR E
BEIR A5 X 0 A (CD By B i BU = o 3R
ARHEL U B B BUHRAE | b i s TR AE
P BAFIE Y . Wisconsin K% & B T 454 A
WL B 2 ToLve A0 A8 A0 2 JR B i) CT U 38325, ml LU
PEAT T 35 0 W AR AR X KB fE BN Merk
glisl g2 8 SATCAST (Satellite Convection Anal-
ysis and Tracking) [ 5 A~£L Fh 38 38 1 545 #EF1 Ch-
TRAM (Thunderstorm-Cb-Tracking an Monito-
ring) " H Y R 43 % 28 AT L Ot S B o O i O 9
TR WU ] 28 A6 4 AIE 25 2k CT U3 6T CI

(4 f5c 3 W 5¢ ke AT 2 DL SCHR (50 . Mecikalski
VIR E BT T 2 X Iz S 5
Senf Z i ] MSG 1152 %R 20 A 17 % 3t KU 11
= AR = T H) R = Tk 7 R Y 78 A8 R AE
DY ESENER=RsI VB I ESTBERIPUNIN A S 50N
A ARG] MCS 4 HoAth = TORRAE , 0 1 b 2= To0 4R ik
eboeonl B E GOES-R 1A %R K 3 & HAL 56
7 in AR O 0T 2 L Goodman %7 Ralph 4E57 Al
FR K A 5 AR

T2k 55 35 . GPS(Global Positioning System,
A 3ROE L FR 8D 7K VR TE R R I T S RE 8 ) S
PR AL 2 s [R] 23 R 3 00 0 25 KR TR AR 2 L R ARUHT
ok K R T T B 2k A R 3ok S R} AR M DA
NSO R W N W (S AT U D 0 B N W a3
Ji& T 254 L © FE 5OV R R R4 B AR e D
A T EEAE T (R RUBE kR T 0 B e
SRR A LI 0 AR A M 1l 55 AR R 2

2 5 R LR M BeR

SR X I TR A T R A0 B Al R N R R R R
iR 7/BL IR DU NS T PN 2
Sy _E 07 FH BC A 3 0 AT A3 A s S Xk a8 X 3R R W)
P& AT FNES R R AE E AT 20 Hr B4R R R B PR 0 2%
TR0 eh ROBEEBLEE G & 5 454 20 #7455 . Johns 5000
Doswell" i/l 85 R G0 525 T DMC LA [f] 26
UEEIDO RPN SN IS YN LN Y/ i & o)
M R T W BRI A5 A L v RO 25 B IR AIE L 3 86 2%
R AR NP RAE I X DU PN W4 IE7/BEE S
fidh - G 3 R A R T BEORE A A9 5 X IR R AR
G Hp RUEE 235 4 MR AL 3 2 5 X 9 K =k 0 ) B
M
2.1 BMRRENE

58 X I KRR GE I HR /I RUBE S5 4 LA S BB AT
FEATS I 24 T 58 08 I K AU S 4w e R
fih A R R JE T s AL LA K /N ROBE B 45 K S AEAT) A o
PE—B G . R RS R G B U L TR LT
Wili DRV £ £ 55D TR A i 23 A3 CLl B4R T 3 X
SN WIE B SRR NIV L2
UTBFTE o 2 WL X 3 AR G20 BOR AR B R R R
T T TR JRE A 7 AR B K T 00 A
X ARG A R 1 Y M A RNAE R AR . A 2L
VLT 2 » o 985 5T 20 A B0 TR 20 A S B i R R
2 e A T8 W LA i 255 R RE Y |



644 A

5 26 &

Thiz 8l s R UL 2 3 5 D) 42 3 2 1 R 4%
TERIBC A A REA R T X R G K e M 4ER; . Wil-
son FER L MK AR SR G LB
J5 1) AH RS 21 2 DA b i KU ) 5 5 A 2 3l 1)
A TR] S W XF 9 2 2 . 1) e 8 A A T i R 4
FF. Chen %" % BUAFAE 1] J7 1K 25 200 i, W 2R UL
=R NI R T T o R 4 2 S AT B I I R ) X
LR AR S T 1) 0T I e AT AE 22 A1 1Y /)N ] R
KRG b A B e,

e 2R R B RN I B AR DL B SR T
il & X . & 20 tEad 90 AEAR LR X H A
ZHF5% . 0 Corfidi 57 Wilson 25 Horgan 250%%7
UTAEAR I A — 26 50 T i AL ER BT . I
R BEU EANETY ik —PET RRSETY 1 2
SR g 2R TR 2 PR BE A 2 1 90 IR U2 K
B RN B 3 [ K KR . Wilson 45 & B 2002 4R 36
THOP X5 39 8] = 28 35 % K £ 1 600~900 hPa
08 A5 RN 0 M 5 AR A5 2t ) 3R I v 2R
e A& A & 850 hPa Al 700 hPa [ A X 1 FF 1t
70% M 850 hPa ¥J7AF £k . 700 hPa Ak F 18 m/shy
£ 9% .500 hPa p§ X ## . 700 hPa 45 500 hPa J& 2 #
it 16 C4¢,

et B iR AR K SR ASCRT A pl K iy R 0T gt sl AT AR
T A T AR AS [ B 0T 38 7 A B T SR AR K 25 R
FRoT X UL A2 i A K RBCRE 0 2R G, HLRR A Tl g R
N 45~50 dBZ 7247 AHF R AT 35 80 mm/h LA F 4]
Ty FEURKF W BT R PO R A A R A
TERAAT W B A R I ) B 05 4% 38 3 Bl 4 Bl
PO E R AT e & 4. Waeit, Rl
R K it ik #) 60 mm, WEZE 20 mm/h DL 5 B 5 f
IKRA KA 53 %45 i85 70 mm, W& H HT K
AERBE PR RO 1 KR AR B R R
T G A AGHT RO Ik R A K L B 2007 4E 7 A
18 H ¥ M oty 58 o K A 2012 48 7 H 21 H ko
AT b A i 9 AR K

4 K 22 B0 2 K KR X R G s LT UL
WCNH RO P EEY . TR, RS
PSR B 0 Y 7 A AL A A2 A L R )2
JEE UL EA R TR O E R 2R R
BRI KT & T3 808 T UUAR s (H & R
i IXAR 2 KR SAEAE T JE B (T-InP B E2E VIER
TR B2 1 X LT 2 BB T B0 N Ui
AR S R T R TE R L2 R AR Y

T 00T 5 FR 7K A0 i B R0 28 A A T 2 5 B0 T I
A G N 7 200D I LA Sl & AL 7 T J2 0 R K i)
HAAERE RS B . T A R VKR B PR R AR
PREORA BRI X A AL RE S A i & 2 &
JE DR, SR BRI R B R A il B R, X B
AR T R WA A TR TR . A, B
T KRR T L R I R R AR R Y A R b R
A TR ISR 85 DR AROR i AR AR A R T
YT » 31X B R R VKR R A A B R KR
R B A XS K XUE R R T 5 B K T f Rl
19 KA

YR E A DO N LY R ¥ PO
SR A= il SRR SR | R R M R R A — e i X
WMRAIG . Je 5 o w26 o 9 R e 4
B AETeE . Agee TP — 28 TR 4 4y
Ry R R AR TR A L SRR I e A At 2 Y e 4 3
2o YA e A R R B 2 25 %
B8 S AR RE A% 77 2R R 5 AR G R e 4l
B R 2 B N RUBE i e AR PR R S o) i L v
R b TR AR B 5 5 T o 2 A R
14 55 T [l 9 2% A i /I ROBE 19 7 8 JE (mesovorti-
ces)"™ L ABAS & N R 3E FA S EF4 YR
NN R W 2 N = VOO F - E RN A £
A TREUEAT A AL F2 G R DL g RiR e
A SR A A T AR XU 118 PR BE A5 A S — JE B X
Wi A R AL BE AR A9 0~ 6 km 3 B K] AE 38 40, 45 I
(946 TH Bk 25 R BE A R BAIRE (0~1 km) 3 X Y)
AR RIS A I B E AR O e R A R R
KM HWAFEZE R, FEERZ mEWAR. XT3k
LR RN S N RE U = R W R W
TN RUOBE 103 5 % JR 1 2 A o A0 4 9t K P WU 2 L g Bl
ARSI AS 00 5 %l 8 RPN i X
MR )2 B DA K 5 T8 [ B3y b ROEE T
g A X

rh 45 B IE 2R AR G0 T BORTE K B R
KA 2 Y AT P R Al 55 gl i e E A |
R FE 2 AR AE R HL B 1 R 56 2 TH . Ro-
tunno 2554 1 Weisman 255595 o 25 A5 2 9 B AH %%
(RS0 56 TIOR8 A 0L DU A 5% 1 1 4 AT s DA R O
A V4 1t RG22 20 B8 2 5 R D) 28 AR B AR T A e 2k &
Ji& HEFE R B AR Ty LR, S TR R e 2 Kk
JBAE 1% 1) RKW (Rotunno-Klemp-Weisman) ¥ 5 .
Wilson £ 2247 % 31, 2002 4E 2 [ THOP (Interna-



564

KR 7K e 25« B 0P A IR M 0 A P R 645

tional H20 Project) iR 55 3 8] X i & 528 i T 210
A DR 2 5 ) X 9 R 9 Y AE 11 32 ZE AL Corfidi™
P HE R X T I XU 1) SRR TR X U R A 1
EMERZEZ —, ] RKW US40 B A b — o2&
R R Ak A P AR )2 R XD AR A 1 A B AR R AL
T A2 0~3 km KUY AR X LR 1 & e 4
R EE, WA BT KL RKW HR32
¥4 Yt R XU A A LA P A R R A A 1
M2, RKW gt 2 318 2 4 1, F R F K
23 TR 2 KR 57 B85 2 XD AR B 55 T
RKW Hg i S fi 45 14 . Coniglio 285 X — ¥k i
AT W %A B D) A B 0~ 3 km 3 FL K
VIR EE,
2.2 BUMHRARRKSSTHEA

FETE 20 42 7080 AFARL T 9 XTI R R
RS ERNRERESTEAR ., PEIIZHER
St 2010 4RI E TR RE RSO AM
T 1) 4 R A ) A S DA TR v 1 S K 4 s
TR - AH PN 25 4% BEAS ) 1) 26 TR T 41 40 . 2013
AP ] 4 L HE ) B IR RUBE R B B AR R ) 58
A F RECRH 1) S B 41 2 2 AN (] 288 8 53 0 it R
SIS B IR T AR T M R A A ML B T
Z35 T-InP [ 4301 VB TR 5 JL 58 REA o ROBE B0 13
e i RUBE R GE RN R A S R B 4 RS L
SCHkL21,22], 5 BB, Cp ROE R Ko i 4k
AR FTE )T 192 B v RUBE KA HEAT 43 A 1 B AR B
T H ETZ R o RO R ASHR 98 IR R

EFZNBEARBE, PEAILRERIL T
D FFRE T 3R A R BN LA bk 55 IF & 7 AH L
€ 25 F0 B (E B0 4 (f 45 T639 4 Bk 52 =L
GRAPES_MESO [X 3§ # 2 55 ) % W 43 #7 12 Wi 50 R
FIEF MR 5 LR G BLE T o0 28 i R
SABE AR L35 3 B B R J T 0 i X3
IR B 114 5 T R 43 AT i e R 2 T U B ek
(R ROBE VR B A B B AR AL 45 77 . 5 HWT
CRF KA 6 1IE AR ZR QA8 %5 37 mT 43 Bk 1)
15 03 RS RR(E B S AR ™ o KP4 B2 5K 4 km
gy B ) I T O I TR L 45 S R
SR EZRE O TE 2014 AFBE IR T W88 T
M AR 4 km 43 BEF Y WRE Frp B R4 R $0E
iR 0 3 km GRAPES_CR A 26 Wik 7= i s 18
T ) 35 T — YR VKRS A 81 4% 3 A0 o] e G 9 T

BB 5 7 R RS TR ™ i 20 A 58 X R
3 BN K TR T R B B AR

3.1 IEEFBTEA

HuTAS A i X O 2 H & T 24 % i W2
FRE K e B I 3 B4R R 48, an 36 B B9 ANC (Au-
toNowecaster )!"'7 Fll CoSPA ( Consolidated Storm
Prediction for Aviation)™ | & F] W 55 3 [ 3 [+
JF % 1) STEPS (Short-Term Ensemble Prediction
System) Y Ui & K ) MAPLE, By Fl ) IN-
CAP™ Fi 11 COALITIONY® &y () SWIRL #0I
SWIRL-IIVY Jb 5t R4 7 & ) BI-ANC R4,
Hh G REA EAE B 1) B L I O T R A o
K4 R SWAN, " 4 9 GRAPES-SWIFT. #t
1) MYNOS!™ 4 Gl 2 0L SC#ik[3,19.101-102])

X U RO K B9 0~ 2 b Il i TR AR 5 R 32 %
AL FE HME TR 2850 T (PR R L R . an 36
ANC Z%:Y Hi 1 # COALITION &40 gt
B0 A B %y i, Wilson
SN 2020 AR 0~2 ho Il T WA E ARG EE N
HME TR A2 50 AR .

F T R AH G5 w R R TR BEORE A A B R W]
53 R FE T D A0 HE SRR 5 1 R T X 4 0 A 4
T Ty vk . T OB A HE TR O AR SR
TREC!M Y ARG L1, 3 7 X 510 S0 748 42
AR Ty & SCITH o TITANT S 45

RDT (rapid developing thunderstorms )t
Cb-TRAM"™ 28 J& 3 F i 1k 1AL %R 26 ) SCIT
6 I &R 40 L B B R AR 4fE B B2 R 5 Hering
R RDT R L fih & R T3 T 8 Wk
TRT i Wik E AR . B TF#k T ERE WIS,
PRI Ik o T 1 T B R TR I 3 i CT o T 48 H AT RY
W55 2 B RAE S HA M. Walker S5 F
PEBEMARZHRERETETNLRE 0~
2 h CIAMEE B A s Mecikalski 551 B4 il T
FEGORPFIPE T RAP ¥R &R T 0~1 h CI
RER TR A

FE T I H RROAE 1 AR U LB R A A A 5
BB KL TAE ", Bonelli % | B %
SEV O B T A H R O S B N B
R R] 1 S04 41 5 J] R A5 A0k F b DA B L A
PR MR R R R RFE L T H 2NN
3B RS M E TR

O J8 R B A ' o W+ 5 T IR FL A 0 7 % DU OB BR 5 AMIE U . BTSRRI 2016 R R R



646 VA

5 26 &

DL A T LA 5 B 27 v 35 B i 18144 ]
i — ML G i 7, KB sh R i — 2
TEEAUVAL S 5T o 1) — A~ TR ) 5 e il & i T
Xof i DAL AR I K i 3 90 4 AR v AR IRORS Bk B
F s SWIRL R4 1) ROVER (Real-time Opti-
cal flow by Variational methods for Echoes of Ra-
dar) AR Ruzanski 28027 % B 3 F X 38R 10
HMIE TR 7 v T A5 18] A% ek BT A 8 B R
Rl 19 P 2% o HAR 1 B R i 250 T O I ik 15 3
MR AE., BT X TREC K&/ HmETHY
FOIE AR 53 1 3R A5 85 ol 2% | AR CoSPAM
B ER 3 AR (R R 2 iR ROV RARED R
KA S it s Wang 2097 ffi Fl 22 RSB B3 7
PR T AR R E R TREC K 8IFEE 1 4MEES
SR WA TR K TREC K i [R) B0 T 4R /Y X
TR 5|52 KUK B A A RO ik

AN TR RUBE R ASFR G 1 AT F AT AN ] L A1 HE T4
S AR0CAR [] 0125 33 gt A1 I 30 041 7 8 2% 0 ) R
J5 . Germann 20 Radhakrishna Z£M%7 | Sur-
cel HEMU LT IR VOB AR A TR TR RUEE B K &
S S 4 T W - Germann SF5Y 45 TR [ B
KR R AR GEAME TR A B IV 03 &R T[]
RBEREK 2 G2 19 A [7) 0 4 7T 93 42 7 5 Radhakrishna
SRR BN T 250 km Lh B RUEE ) B K FR G2 A0
TR S 8% vl 3k 2 h A2 45 s Surcel N p M 1SR T
MAPLE £ GEx} prf RO B K 22 58 19 M T4 I &%
WKL K2 h,

AN [) RUBE R AUZR G i A AT S P AN ] 2 R oy
SMETRFEAR AN BRI R AN . BT TLER
(1 CT il i 19141z B8 % 34 — 25 4 v b g KU 2 19 i 30
i, COALITION™ & — ML ZHM AR5, ©
FFH I TR B B4 55 2 5 5T A S A i
FRAE HUJE 55 R 3R I SR 2 (0 AR) 32 4 1 O 125 & Y
AN [ 4R 7 ¥ AU R I A L 25 45 R 2K 60 min
TR WA, b A0S B T TR BURN CT il
FORRE ANC Z 48 1] 52 48 5 4 FBE )
PR PR LR KRR G 09 A I8 55 PR R A LI 3 Tl
B %5k 2 hH70891 ;2 [ CWF (Convective Weather
Forecast) Ifi i Wi 53k 25 4 0 ) LA L s W
TR U 00 7R 55 91 41 R U0 R E B3 X i R R G
BIHE SN T2 48 PR I 8T 352 b,

H AT R Ak T 5 35 ORI X L RUBE i 40 B3 50l
BEEOBEIKF 23 BN T~4 km, B XA AT 53
#E (convection allowing) Bz, HA Fik X1 i R 44
TH F — 5E BB 1 7E X It X2 A e K i 1 4 v 2 7%
BBz KRN Weisman AFUY LR
B ICHE R AR X R (A& B 1 km DL 409, R
F 4 km J3 BEAFNTCX Ui S E 5 B iR REAR B
H AR 5 v £ B I 2R AR IR R B b RUBE R I 4
g5 FLF B A U 4 kem 23 B A A B C REIE 4K
G- iy 221 10 H Ok R 2 R Gt e Al T LAY v Y 5 R
KA.

ity 2 UL T Y JE T BORME f A o L TH R 5K
eI, H BT SRl B R R JLAE N 0~ 1 h B &L
1503 RO B A 52 Bl 55 B AT PR AR
Migliorini 2" 54k % B8 1.5 km 7K 43 98 2 1) %
[ 5 4 A 4 — B 28 (Unified Model, UMD £ 4 Hi 4
RGEE AR 1 h B %0y B K B4 42 15 (B
Stensrud 4507 B R T 5 3526 8 1 %5 40 B 1
0% A 1) X5 9 R Warn-on-Forecast (3% F % {H 7
2 1) T H A Bl R G AE 2020 AF A2 A7 K B RS 4R 41t
90 min FAR I R 50T I 0 A D

HY T Il 0 A B — 5 N B S TR L AR
AR B AR A N T WA R AR B T B TTZ BN
gk MAPLE # 4t J T S0 fE B i AT — 5026
S Rl 1 e N S o B I R S 11 2 -2 N
Megenhardt 2010 Kober 21 i fifi B T 1% — Il 3
BRI A ; 6 NOAA T HEIENE . TR,
B 7K W NAM I 36 v RUBE 82 20 B0 19 4 55 95 £l T
GiitmlH ik R T 0~3 h BB & Kl I
AR 4 AR Mecikalski 21 fifi [ Logistic [[]
HAI AL i€ Random Forest (FEAL AR M) 5577 &
Jee v T TR SRR B B TR CT il 3 A
R A

SRR T H T I I R AR ) T R G 2
Pp T S 1] R W I e S D i N £
TR AL Z AL 5 VKA o B KK e
R R I 4R 3R 7K 33X S i o Y R A M B0 A T 2
ZEAA X I IR R B K I ST YT AT R R A R AR A
SEOUMLIN AT . AR R LT B SR R
JRUJEER £ B 32 55 O ¢ ek 0 g 0 9 3 K1 T4 B R
JO7 FH AN [] 288 2 5 0 g K A< & A i e R 8 A A v R



564

KR 7K e 25« B 0P A IR M 0 A P R 647

JEE AL L AR X6 R A 40 A A0 SR ™ s AT T I T T4
Fe AR AN 55 v & #E BEARE
3.2 EEREmBREAR

Hy T AN TR B AR 1~ 2 b 5806 3 KA
Rk I A B 2 ORI PR SR i B R S R R
23 oy pE R ROE R E B AR S R R G0, PR
e I 25y PR v RO B A X, 40 28 [ Y HRRR
1 RAP . % E iy UM, % E ) AROME (Application
of Research to Operations at Mesoscale Model) .,
) COSMO-DE(F [ T g Jay /N R A 140
FE 1 BJ_RUC 1 GRAPES_RAFS &g 19:00150)
o o A RO B A AR S R R S ISR
CAPS By X2 R LG ik SSEF(Storm Scale En-
semble Forecast System ). 3& SPC # SSEO
(Storm-Scale Ensemble of Opportunity) . 3 [E
UM 5 Wik #4055 . 3£ CAPS SSEF R A [H]
MR IR B IS A Y B 5 BB KPR B 4 km,
Xf R G B RE 2k A B — s 1Y AT AR s 23R
SPC iy SSEO J& 7 AL 53 7K P43 #8232 1 km X
AT 73 RS AE 2 T 2 1 B TR

FIRIT » 25 W0 ek K L I 19 41 B A 10 32 2 S8 2 0
M TR RN 5 43 BB BR A AR A A
~3 h Wik R A A IR AME B AR, 3~6 h
TR ABUE 4R R =500 6 ~12 h JLF 5 4 K ¥t
TR B A P GE T A i Ab BT BOM LT IR ARE
. & E ) NIMROD (Nowcasting and Initializa-
tion for Modeling Using Regional Observation Data
System) Z 4t 2 fie 5 b FH Rl G T4 B R 1 e i
Il 1T Al 2R 4

R X 3 1] 35 0 B8 7K A0 T4 55 01 iR
FARLA I TR 7 12 BB 3 08 AL Bk
Pl F ARMOR (Adjustment of Rain from
Models with Radar data) 77 0101101370 At S 44
T TRy TR 3 A R RC(E A 2 T A R
INAS P25, HASH 28 BAOAR 40 A0 4 39T 4 A0S =X T 41 0
JE 5 BRI ] A Ge T O Rl E . AR R ENT R
RS T 7 A 7K DXl i 3 B A8 Ak B 5L % i
KA Y R 7K B R 5 B AT T IE . DA SR U & 1Y
Widl . ARMOR J5 gk S ) T 2 1 7 i
LI A A X AT 1 I K L B R R R R 22 L O S
DR 2 1) I () A8 1 s e, 9K 5 A1 A T A 2% 22 i 35 0)
15 TR 1 K i 3 45 22 E AT A GE . o AL
A ARMOR J5 i DA R B3RP 7 35 09 25 5 1%

N THNTZWN AL STEPS™YY i K i) MA-
PLE'™™" (36 [ i) NIWOT' Fil CoSPA™ | B4 iy ]
) INCA & &7 . &F # 1 RAPIDS ' | & M 2%
SRR TR Y A B K 50 45 . Wang S
Wk 2 ROFE 3B B 5 85 3K A5 19 Ah e B4 fl ARPS
(Advanced Regional Prediction System) & = il 4t
ot T IR - 25 30k A A B i iR AT 0~2 h fill G T
Xt KRR 5, & B 0~ 50 min AMHE BUR G T
ARPS A i 4l 50 ~ 120 min Fl& 4 B3 00 T
SMEETR A ARPS £ Wi 4z . STEPS™ % 4 i it
TIAS Y- 353 A Tl 5 W 0 1941 5 3 RUJBE 17%) i A =X Tt
e A g e A 2R B K B T . Kober 881
Scheufele &% WPKE 5L 75 35 BRI I 5 A 2 5 K
1 AR T R o 3 R e 0 B R i R) i S AR
B A5E X T A 104 ME 238 T AT S8 Rl A R B
W2 B K AR ™ i

O W0 B e B [ A 28 5 A O
1 1) 22 5 8 R AT IR S 8 TR T AR ) R B
Bh BB X (BB T AT B 0 4 o o0k i XL 2% 1
K B FAR K F . Kain 299845 T 268 CAPS
) A6 7 75 35 BOREAY v 20 3 B0ME AR X 00 AR 1 B
SERRW]  H 0~6 h R PERE = T oK R A A PR
F BB PR . L 3~6 h R fE ko kB ok W 2
Surcel 400 3 F MAPLE (% 4 #E #i 4% #1 2&
CAPS [y SSEF £G4 4 Wik &3t 7 A A RO K
KRG AT TR Pk 45 R K W] SSEF & 48 %) A [A]
FRUBE R AFRGE w] F5 4 1 B 00 G At 50 {1 19 4
HXF0~6 h B2 v H RBEF g ROBERE K R g0 B
A AT R AE AR TE R GO 25 .

R T LA Ao HM HE 4R 5 H00(E SR AR Rl Y 95
B AR ST 2 1 B 7K R I RGBS I CHE %) il
i H H TR B X KE e R R R
TR Rl 5 2R o T 4T Al AR 3 TR A ) R I TR 2
SRR 155 43 PE AU TR TR X i R AUBR B A5 A
53 BT FEE T eI RUBE BB %) 26 00 T 4 7™ o 0 2
HRAFON U TT 73 B 4 w8 o3 B S B A X (4 R 5
ARG ;7 i E b B, AR AN BT RO U
R P G PR R S8 (B]_RUC) BE4T 1 38 X i K< 5
ML A T a0, FLAE T A 2 B _RUC #X p s
BT T A AN [ 258 R i X K I8 S S 40
LT AR 3 [ TE TE SR X T R 1 o RUBE 25 4
A e LB Ty T80 A0 Al 1 FHXE AL AT 43 B 04 8 A SR R
(AL R G) T ™ i R A7 58O6T 3 43 2 T



648 A

5 26 &

T ARBURBE /N AL PR R R R G AE R Y
M, Kain 4500 AR 3 1 43¢ 1) 45 A~ i 1) 25 1) 4 28 6
' th 32 /N ) I Be N B B 1AM 0 ) g g R
{EL s B G2 B — 4EAE SR o B e i K. RIE
SPC HZEI LB A 6 DB 5 K3 5 85 b xf
iR R B DG R ) R B 2 XU iR B ) B R
HE s fe R F TR L 3~6 km 5 B 22 8] 1 e K T IS
I B L FRAE X U G B 0 b T S 1 km R R Y B
KRB 38 - die R B TS0 R I B e R Ml THT
10 m XU | fie K TR HAR A

B H A5 6 3 AT 43 B 00 v A B R A A
A3 %o 38 1 o 7K e s 9990 3 T IR 5 22 Bk R Sun S
& 1 Pk A HE 6 IR R K KRR G AT TR PR
R RUEE ORI P g e i R I 1 A AR R bR S
B A e A . R R B R PR A X
TR ™ tolk 45 1 R A AT R ) R, A 45 5 A B R A
2P B )l L T A DA R 1 43 B 3 0] 3L s 0 B
A i ) R G0 1R 25 RN IS T TR A e R [R) A T
BrEOR ) A, A, NSE I SPC 45 Z= i 10 45 R
A HH AT 4 B A O B R RO A R
T I 3 2ok i A 3R TR 23 2 N I R AR RE T A
A IR R AN 56 4 e TR 55 75 5K .
3.3 EHWmHEEAR

SRR I DR A ) e ) T A o A e A R e LR
IR A 1) B B8 A5 A R A AN [ 1Y 12 W A 3
Xof AN [ 288 B iR 6T 3 SR AR 4 7 5 S R AT A3 2R X
TR TR0 gk R BUAE T2 N A S
BHE . HFFZEUW RIS, T 32 X0 i KA 28 RUEE
BN 3 A BN T 5 R N AT R M 10 R A 3B AN
AE 96 4 At 288 R0 BE 45 5 2% T A Y R 0T A 00
i o TR I AR 58 0 i 5 6 5 2% 0 1 2 0 S0 54 KT Ik
e 19 & & J7 1), WAy B ik . & [ SPC E &1 & 1 41
&5 0T UL R Y A I S5 5 T A A ARE 5 ARl
55 o ANIFIZE USRI R M I R R R T A B A%
1 1) S 53 A A 2 A 0 288 98 0T I T4 1) o A
Bl AR, B T KEm g,

F T 9 0T 3 R A K AR e i 22 T Y 3
2 BRI 2 BB X I R A AN ] ) 3L 6 52 1 45
RRW A TR B — > 58 4 WA 11 | B — 4 2L o 1
EE R SN, Ry 4, JL 7L 3 AN 5 N
AR 12 8 X 2L RE 8 255 i AR A [ 4 B 2 A
f) 224~ W) B Y 5 R J7 ¥ 2 2 I 9 0 I K AR
HARBEFC RS )y H . AR AR D R LA AR

P8 BT B T R T i R AT X R L 5, Lak-
shmanan 4558 2 354 550 1 SC 80T F 8h B I 5
Wik REE RO B R A Sk IR s TR
KA TR o

I P ASER] 32 H J7 125 19 20 2 5 0 R R R IR 42
AR — FBEE TR A R OB A IR DR i Pk
TR AN [R) 28 R 5 %o O R A EA R 8 = SRy ) A
HR A8 i s A0 8 498 11 45 2R S 3l 4 e e SR e e R
FEWR T AN [] 4y B 5 AN [] (R A ER L 25 10 B A B 255 Tl
AR WA R BORT 2 8 07 vk R — R gk
SR T FORRE A Yy SRR B R SE SRR
HRURE WS AR R0 X Ui KR A R S B AR AR A R
TR AN FORA i R LR GE o M T
1 TUAL SR 2 4 2% DR A SRR R R, TR0
%, Lin 0 Kok 0 50k g T b E AL
R E A W AR R . ST B
RUC 4 58 X Yt K A 70 S 58 40 1 55 AR 7 1
LA B vk

T AR A BB TR 114 50T 3t 6 40 CHE %) Tl 4
AR YRR B B 2 Ty ., K E SPC &
T PIVERRECEY THEZTEN . EFEZR
JE BB A A PR ) SR 6 A A R B AR R . S E
NCEP 43R &E 5 Wk &4 GEFS (Global Ensem-
ble Forecast System) =% & SPC 3~8 d B X i K
TR R B RCE R AR . 98 ) NCEP &4k
A 4Rk & 4t SREF (Short Range Ensemble Fore-
cast) J& H {3 R SPC 5 X it 45 19 95 4 ol 55 1) o
BB H i T2 A A Tl 5 X AL A 0 1S
RN T 5 2 SO0 I 48 B0 B AE AR 7
3.4 TRKWIEBHEA

O AR 50 2 R AT M 55 T AR e 110 Ei
WL HOH R R 40 A S I 00 22 ) — BOr R 2E S AR
FE RAT RR I R o A (] 04 T A 0 5 SR i SR 1 A
FORAA] B 5 AR 5 0% 0L I 5% 2 R A T A
6 1 At H T R T It K A T R 6 T I ) — 1 HfE
L b TDUL I S 8 B8 RL Y B =2

A S5 114 58 G U TR A S 1 T ARG B T v R i T
sl SOV 5% B o & i 45 0 Ll T A R A A
FIAAR IR AR A0 TS PP iy 38l B R 55 L 6 ]
SPC & 1 WL i) F0 4 A6 55 16 T Ji s 3k 26 4 45 45 b
ZIAN SE ZR, (HLIX B B X A o R A TR R
A W I B BB 2 A R A R AR AR TS 43
ORI L T BR T IX S AL G5 K I 48 AR



564

KR 7K e 25« B 0P A IR M 0 A P R 649

b, Casati G510 BG5 T ASTR] (1 B4 A 56 O 12 A 4
235 RS 56 R0 A 23 T4 R AR A AT A 96 1k
e e R A 6 ¥k 25 . Brown!' g a5 R G 56 5 ik
RAEE 4 2850 1 S AR A ] 4G 0 12 (L R R A
Bk ) 56 2 O RE BRI, % 3 k0 Y
IEAE B B Bk 5 S0 2 (6] S i A8 T A7
P A R 25 55 ) K 6 L 57 4 28 O T 0 R el 3% e Ak
K56 75 vk

SRS I R A4S () 23 A T8 R BT O HOPE LA T 2
PSR A BV JR b P AR s LT R AR S N TR PR
1R GE 1 RN R 30 7 v T BOBUCE AR S U H X
TR A 2 HE AR A B PR S e T T . H iR
TR I (7 12 A2 3 TR 9 A 36 7 3 A B K R
SO UL R TR A 55 AR B TR Tz BN
T3 SR 3 () 4G 3 5 9k (1 — 1 SRR Ay AR
K ik, e SPCHO P i /R L R E RS
G rp 5 R AT PO e 2 L S AR
ARG B8 T SR D ke v R 43 3l g A T AR 5 )
A4 40 ke [ P9 BLAY SE 00 ELXE) (9 TS 3 2)
Tk R debr o TS ¥P4r i3 S iR 5

FE TR G2 B R AT 1) iR OGS I T R A B 2 S [
K ik m —Fh, HATC 43 28] 788 Z R .
Davis 5571 58 & J T 6k F 45 2 B /K 141 1 4 42
G367 1% o A 0 e M A A 0 R L R L B R A
KAEB L 555, JF & e 7 MODE #ff:4u, iidt
He SEH SR F X G FUAR 5 S B Y SR R H AR 2
S E LT AR S () R S FNAR AL B S5 PEAN FE A,
N7 AL A R e R R ARE 3R R Y S X U TR A 5
T5 5 TOUARAG: 56 38 B 18 8 5 5 BT VR & LA S BN 6
UL TR ) £ 5 A6 B R TARY

R 8 0 4 AR G LA A 36 AN () 5 M T A
5, f0 5 Brier ¥F4) Brier $% X5 PE ) W] & M L AT 4>
PE V222 B 7 Bl (Rank histogram) . ROC (g2t &
VEFRRIE) K36 45

EFEIFE ARG H.0(DTO HE T ER
A R 5 PE MY T 24 MET (Model Evaluation
Tools) , 3% T H AR n] LS A6 1 M P AS 56 M 58 930
R 30 R TR 4 A0 R 0 A HOR O 5 MET LA
it & T MODE 3R,

4 RkER

B 7 0 T UL O KA 2 I
P 0 I ol 2 B0 %1 0 B 0 AR O e 2

3 B ARSI TR O T A T B ORI T
e O o 11 E IR P R A 4 B 9 K A R R R
SO IA Ty FE o AR TR [ A 190 S 5 1) XA iR
200 B O U TR WL BE Ak — A0 B v XX R R G
WAL 1R R 25 TR0 I8 7 5 DT 482 5 X DKk 8L SRR
A 0 RE 3 R i K A 0K BE s T H T IE 7R U Y
AR 22 30 8 O U I8 R s PR S RE T L
K AE R AR I BT oy I 23 B AR 0 T IR BT — 2P R
1 e 58 X R R AR IR A A RIRE ST . T —AR
IS SERS YOI U ST DURIN A SR AR DU RIS
ot B 42 TN (4 366 2= DA 0 3t PR S 37 I 1) ¢ e R 7t
oK Bk — 20 5 R M WL AE X IR B MR RE g . F AT Y 28
SE LI P X i 25 R R SR BE I AFAE R A
AR L GR TR AR  A  E
FER R BT XRS5 I SR 1Y T XU kR A
I 23 73 B 320 23 A CAL ) #5600 95 R &5 5 KL
AMDARUILZ 4 TR TR T L) BB ik VAD
DRUER 28 BOREHS B A3 B 22 T3 20 M T4 580 X 9 R Uk
Az e TR Wi S0 4% P 1 % 00 R A

ERIEIAEEINTRE RS R SpURII NS 22 TP S
B IR 0 R AR S R A SR 55 Hh R A TR
FE T S AR /N0 23 Bl T A A — S [ R 5
BELEG LA TN R L TR UL 2 ) 22 DR AR N S R
PE— 20 4 R X SE BRI R K R P
HEHR 5 T B Bl SR vl I A T XS L Ty
ORI A SRR N4 A LR I PN
IR 00 | 4 = A R R0 O B IR 55 R 4
I i o LA g %) 4 [ 5 0 i R U i e . H
FIT 3 1] £ 45 22 P50 B A 114 73 218 9 368 3 R AR
DR 1Ay 5 B W I CAn SCR[ 28 D ik AP FE R AN A2 L L
LR A 2 R AU 0 5 2 (5 R UL 3l 1 L
RAMER. TELDMAER HEHERHIRER
BB R TN F S 22 PROULI Gk R A I i
TR UKD o R R RVAR TR SORIR L A G Jo 4 A
350 B AR L5 L LB iy 50 O VAL M 0 e e s
B AN]SR O AR A R 1 25 I RS R
LR A7 A F 97 IR X DR e ) AR S 1 A 5 R i 58
JIE A S I (1) 02 [ A 5 W I 5 T L R A A
S GEORE I B A I B B AR i Ry 2R KR
A PR 4R 4L 00 K e i

PP R IR 0 R GE 4G F R R A e L S
O IPNS WK (&K 7/ LR 3 IR E NI IPOEE PO}
TR AR R IEPL I BB B R R[] v



650 A

5 26 &

REHE2/NERE . MELARBRERFGILA
LR H i RELE S5 T [0 95 AR S8 FP O M TR KU RS
T J 4 7 AR B FEBEAE T Ll TR R R
KA R B2 BB 2 vh /N RUBE B2 2% TR AR B 52 0 0 3
JE 43 A b TETJRE 5000 T T X I e AR R e v
S5 DG 7 BT A VTR B 5 0 I K R AR R A 2
PLELAUA [ ) R 58 Z 8] A AR T S 2% 1. H
I o oF 3 [ A ) A 2 RUBE AR G ) 25 W) 45 4 L 2R TS
BRI A B S e R R 2 A DA TR B AR A A AR 4K
LA AR R R IR LR AR L 5 R USRI T
S 24 M TE IX S 5 X 30 R 558 1 A R 48 -5 BIL ol T
Fts BEHE— A IR AR 5 2555 22 IO I B ek 4 o
RBER SN o3 Hr B AR MO 55 7 fh A Fr dE— 2 RA R
JEE QIR T XU £ R S L7 ok ) 2 M B AR LB X iR
JU 4 R S P 68 97 R R 0 T 7 i S 5 TG R AT
O3 BB O PR A S B LR 5 20 7 oA A
BE— IR M5, 3 T 2% 2 S B AR 7 )R
X IR AR GE G I K A 26 TR R o B A G 4 L L gk —
BTSSR R R AT BRI )

8% X IR i 3 TR A1 4 £ AR BB R 5 H
XA GE R A T AR SR RIS AT AERR AN AL . FE0r
2SI X I TR UM i R 2 I R il L )
FHASEAN 12 4wl Bt WL R R 25 7 1 B 198 38 i 2 U
OB 2 RO (Z BAED B 38 B K LRSS
P LB B A SR CHE 30O TR B3 A IS 70 288 58 X i K
SR 73 25 G S AR £ AR e R 1) T2 5 1)
15 70 R B(EL TR 25 A BB 8 58 38 X R ¢
AR AR 3 TR DRI T B AR 3 TR 1 A S e 1T
Wk R EE T . B — Uk R DR R A
il 2230 38 TR L DA A R (SO B 45 A g I =S )
BRI A BhG 0h AF At I Bk L R XT3
A e 3T TR 5 TR R A A% AR

BT R 23 PR B E AR AR Rl R B R 1 58
X IR KA L I AR R B T — G R L
DAL T8 B B . BRI AT 23 B A e 20 B R U
WISy SU R R IR o S N =S M NG 21
I AR s R EARE 2K 0 0 R A e ] A 1 Al fig
0% S e B2 XA T AR BE 7 - 38 75 255 T A Al RO R
G000 ] PR vk BEHE LA By 1R BE 1 kot AN Rl )
HH o i 1) 2 Bt A5 5 TG ) LA ot — 200 e ik 6
B PARNERE . XL AT 20 H8 04 1 23 B AU (B )
AR A RO e B B AN R RO R R G Al il A
TR AR . i ifs 2R AR L 36 [ Testbed iz

AT AL XT3 2 13T i 5 o R AT M 55 0 e A PE A
R JE 2R RORHI Rl b B AR B R o R B A X
Y AR ) TR 7K P 2 40 288 5 X R A< 28 e CRRE %) T
AR MR CIE RS A e iR A X R X 9 R
GEAAL ) 22 ROBE 43 BT8R inAF- ¥ 5 ARMOR
T RH G5 A 0 Rl G P 5 AR SR i P AR B AR K e )
ST

53 28 TR O I ORI AR A o R A AR D Y
Y EP NI L DU R NG N S =2
M A P8 AR i 5 Xof A DR A C L R R 4 i PR R B
1) R KRS AR i T 2 R KUK AR AR iy 8 58 [ 7K R
O TR PR A8 Ak 7 TR AFAE AR AN I o Rt 75
FESR XTI R AR A K VLB IEfL b, A B & o B
2214 W0 RN A3 B BT ORE 25 G T S A 2R A ST AS TR
SER P85 IR i SR B 1) 43 28O0 U R AR 2 L A A
FNEE R FRAE S N AN 2 6 55 5 vk T 8 4 R 8k
(B (BB T & JE AN [] 25 2R 1 3 288 5 X i R AR
28 PR A0 XU 55 5 T AT A AR o A 458 A i M iR R I K
S TRIRELA o BRI IO T4z 235 2R 0 A W o
R H 3L [E SPC 1yl 55 fidie & W], 78 2 BRE G 1l
WAL FRE 3~8 d 1y 3 58 X i R MR
W A — ATt A T AR Y TR A
ROBA o FT 6] 6 T 1 R AR G0 RBE R | T34 1) R
21 AR I 8 2R R ) AR

T 9RO R A WL T 4 5 AR it 3 g g X
ST N2 WY i A 0 e 1 D OB T N 7/ B L5/ R E
VBB ASE 204 1 B 1% TA TR 32 00 RE 2 1 A I 4
B IR KAV S P i DO N W | 4 K 4
RIRFRELER ., PERIZRERIE O
FEHE = R TR AE B R I b 1L B R R R AR
FoAR o 5O R Al 55 T4 BT G I AR i 2R A
2009 4= 6 H 3 H W Fg o X i K<, 2012 42 7 | 21
H b 5t i 5 4 K L2015 4E 4 A 28 H YT I8 Al 1 i
S5 R i P 5K 9 DR A ) T A K P R HE T 1 5 i T
it . oAb T PREE L D fE SR R A 2% Z5 G 1 T 57
V-G RIS H L5 A I I 55 F- 6 2 3 e i 0 I K A0l
55 Pl K1 1) B

588 X 9 DR T 4 A G K G L T 3 O
TS P01 25 e 3855 BT TR AL 2 B B (EAR SR 2 46
BORRE LT M . TELEE 2 IR ORI 5 X it RS
B0l R RS 5 0 7t B i S AR 2 58
A 1Y) B T QBB (— 7 B2 AR T DD Y 58 0 I R A
B HOR I H AL & T AR E B o b



564

KR 7K e 25« B 0P A IR M 0 A P R 651

PRI R e NN i o < N L 1 R 2
o7 FH 35 1 6 G2 11 2 [0 G 30 4 AR 5 52 3% X 3t 041 7%
DXTEAS LA B B 1) 2 o A0 0 o 45 3 5 0T 3 TR 1
LRI PR . R RN 58 3 5N I R AR B LR
S TR T R 0 A 0 B R R S —
J5 Il 4 Hitchens 770 & J& T M T 3% T KA
WY 55 58 35 (practically perfect) T 4% (4 % i K S
PR R R EA . AR RE RS RGN R
A TR AN (] o BRI 0k o X AN ) B 25 ) T4 97 >R FH 1)
55 7 2 AN ]

5 N 4k

A8 X6 L RS I B LT Y R L AT 1 A
11 70 A 2 A ) e BT B M A . RS O I R S
s I B L B BRI 55 K B8RS 19 145
BRI B BT 6 &R S8 B IR IR
200 A R AR TR 1) 45 B B R IR B O R L R T
ZIFER LR I BOR B M T AR R b sk
KRGS . 58 B E AP e X &R 4 il ok A
S FERLH A5 75 T ARAT T8 AR 23 285 08 I R UM
HI B AP ST U R AR B2 B HLSE 45 Ml 55 4
w7 b S O B 55 A B 3t T S A A BRSO HE
BT LUk M 22 ] 6 R HAR LA 2545 L A%
M T S5 DR 3R 22 PR BB Y 11 i CHBE 230D AR B 55
JE R s AT 3355 ARMOR J5 i 1 il 45 28 5 3
TREARFFEN T 32 W X8 AT 23 B A o B R A
{EL I3 TR B i Ak PR AR 114 R e CHBE 250D 4T 3k
56 0 T BB CHE 3 TRV JH 322 4 O 3k 14 0 2 i X
TR AW B BB T2 5 G R e S
UG B SR A 36 T 95 R T NS G A A B S R
786 AV D Al 55 TR A BE R AR 16 T A
A

Joit e A A A L 3R T R T R A I 7 O
VRIE S A1 e SAINES R SURIIES 3 i D0 B PN
MEAR K e/ M EENA . B R TR ERE
5 A AL BRI AS [ RUBE 28 48 22 18] 84 A0 EL A A 155 0 —
B IRABETE o T ZEUR LT A [F] 558 S5 55 9 73 IS 9 X
UL R Ry I 23 0 e 2 2 Wy L 5 2 A R L T A
S FE LT X 3 AT 73 B 5 23 H R BE R 10 %5 L 25
BN HT R DL — A5 58 35 98O0 3 K 120 B L YE
£ N

AN RUBE R AAR G A ) T i Pk e i 1 AN [+
I 255 119 58 X 3 K IR AR AR o 2 T 22 PR BT

2 R W 3 AT B R L A i 5 < ) A 22
R A 7 3% 118 T O IR T R 4 e O R (R D)
PR B CHE 30 B £ A Mtk — 25 & e Rl 5 TR B
ATy R R e JRE AN ) 3 JEE 45 % 2 5 0 L R R A
AW 3 R PRDH A A CHBE 238 F9T 4R AR 1y 32 2 P 28 5 %
UL T 23 B 0 3 BRI (R 5 AT 2 A i i X Ui
RAKT AL CHE RO 4R A9 B2 20 BOR SO R
PR LA A s 1 56 XoF 38 IR 4 S 000 73 A R 9
B PR JE RO A T 1) T EE T I 5 T R W AR R X
U R TR A L S o 0 A 36 A R i i o
TR TR AR A IS BRA A7 . F 245 2
XU AR GE R A= R R TE ORI T TR A B R R
AN A0 AR TR (R 455 I 25 73 A | 56 3 RA 3 1 45D
R AR T2 58 X I T AR B9 R R el B IR R LR SR
JE AN ZE AL S RO DRE

B RO RO E B LR BRI B ARGR TR I 2
Wd i /N B O R R O B R AE BT T LR A T A L Uk
B R IR O A R T i AF R L T AR A .

2 % x #

[1] Doswell TIT C A. Severe Convective Storms. Meteor Monogr,
Amer Meteor Soc,2001,28(50) :1-525.

[2] Markowski P, Richardson Y. Mesoscale Meteorology in Mid-
latitudes. John Wiley &. Sons Ltd,2010:245-260.

[3] i /N RN 2 75 B R R N I I A R TR R
B K 52 4).2012.70(3) :311-337.

[4] Chen J,Zheng Y, Zhang X, et al. Distribution and diurnal varia-
tion of warm-season short-duration heavy rainfall in relation to
the MCSs in China. J Meteor Res,2013,27(6) :868-888.

[5] Hitchens N M, Brooks H E, Schumacher R S. Spatial and tempo-
ral characteristics of heavy hourly rainfall in the United States.
Mon Wea Rev,2013,141:4564-4575.

[6] VAR L AR 0] ST L S RO I R K TR 1 B AR
PRI . LA ARG AL . 2014,

[7] TWIEAS AT/ S v e A A B A A A RRAE. 4. 2015, 41
(7):793-805.

[8] WYL B B LSS TUEE LI A o I B S i XA o
WM AR, P E RS DS ER R, 2004, 34 (4)
298-306.

[9] FAF . 2009—2012 AR [E] A R A3 A RRAE 23 AT, 4, 2015,
41(2) :160-170.

(100 Ty, FJ0, AR ER. o B K 4RI 4t IX v RO X I 3% 46 11 %
BRI 28 73 A HEAE. B AR} 2 I JE , 1997, 7(6) : 701-706.

[11] Zheng Y, Chen J,Zhu P. Climatological distribution and di-
urnal variation of mesoscale convective systems over China
and its vicinity during summer. Chin Sci Bull, 2008, 53
1574-1586.

[12]  ®hR . AT/ KR KOt o 2. st e B 408 30T Hb X B 2% 4 XoF 9 XL 2%



652 B R g ¥ R 526 &
) S A8 23 A A . B2 38 4], 2009,54(11) :1585-1590. [31]  Al-Sakka H, Boumahmoud A A, Fradon B, et al. A new fuzzy

[13]  Chen M,Wang Y.Gao F.et al. Diurnal evolution and distri- logic hydrometeor classification scheme applied to the French X-,
bution of warm-season convective storms in different pre- C-,and S-band polarimetric radars. J Appl Meteor Climatol ,
vailing wind regimes over contiguous North China. J Geo- 2013,52(10) :2328-2344.
phys Res Atmos,2014,119.2742-2763. [32] Heinselman P L, Ryzhkov A V. Validation of polarimetric hail

[14] Meng Z,Yan D,Zhang Y. General features of squall lines in detection. Wea Forecasting ,2006,21(5) :839-850.
cast China. Mon Wea Rev,2013,141:1629-1647. [33] M. ok SCE i 7 % b atih X 28 2 A2 14 L 5 0t T R 7K

[15]  Zheng L,Sun J,Zhang X,et al. Organizational modes of me- A 556 . AR 42441, 2010, 21(3) - 287-297.
soscale convective systems over central east China. Wea [34]  Carey L D,Rutledge S A. Electrical and multiparameter ra-
Forecasting ,2013,28:1081-1098. dar observations of a severe hailstorm. J Geophys Res At-

[16]  Chen X,Zhao K,Xue M. Spatial and temporal characteristics mos »1998,103(D12) :13979-14000.
of warm season convection over Pearl River Delta Region, [35]  Williams E, Boldi B, Matlin A, et al. The behavior of total
China based on three years of operational radar data. J Geo- lightning activity in severe Florida thunderstorms. Atmos
phys Res Atmos,2014,doi:10.1002/2014JD021965. Res s1999,51(3) :245-265.

[17]  Wilson ] W,Feng Y,Chen M, et al. Nowcasting challenges [36]  Schultz C J,Petersen W A, Carey L D. Preliminary develop-
during the Beijing Olympics: Successes, failures,and implica- ment and evaluation of lightning jump algorithms for the re-
tions for future nowcasting systems. Wea Forecasting +2010, al-time detection of severe weather. J Appl Meteor Clima-
25:1691-1714. tol +2009,48.2543-2563.

[18]  Sun J,Xue M, Wilson ] W, et al. Use of NWP for nowcasting [37]  Zhang J.Howard K, Langston C,et al. National Mosaic and
convective precipitation: Recent progress and challenges. Bull A- Multi-Sensor QPE (NMQ) system: Description, results, and
mer Meteor Soc,2014,95:409-426. future plans. Bull Amer Meteor Soc,2011,92.1321-1338.

(197 FBAK G, sk /N, JE o 4 58 ) I R A de 1) s 3 9 4R D 5% [38] Lakshmanan V,Smith T,Stumpf G,et al. The Warning De-
BRSSPk, K4 ,2010,36(7) :33-42. cision Support System-Integrated Information. Wea Forecas-

[20] MK MRERER . AR SO, S5, BRI R LE A ML %5 R 5 ting +2007,22:596-612.

A%, K4,2013,39(2) . 234-240. [39]  Augros C, Tabary P, Anquez A, et al. Development of a na-

[21] sk, W, BAH 5. BRI RE RSG5 B AR tionwide, low-level wind shear mosaic in France. Wea Fore-
T % R AT 5 53 Ml 55 B0 A 1 etk 5 7 4 casting »2013,28(5) :1241-1260.

R HER A, K4 .2013,39(7) :894-900. [40] Bousquet O, Tabary P. Development of a nationwide real-time 3-

[227 Wi, 9kiE B AOEL 2. BRH b R E RS0 5 55 AR o D wind and reflectivity radar composite in France. Quart J] R
JE AL <R KA Hp ROBE 3 R A L A S R R Meteor Soc,2014,140:611-625.
2013,39(7):901-910. [41]  Schmit T J,LiJ,Ackerman S J,et al. High spectral and tem-

[23] B IR NE S INEE VB =R TR R RR Gk B K O3 B R A poral resolution infrared measurements from geostationary
B R A A LA . K55 2012,38(10) 1 1161-1169. orbit. J Atmos Oceanic Technol ,2009,26:2273-2292.

[24] Elizaga F,Conejo S, Martin F. Automatic identification of meso- [42] Roberts R D, Rutledge S, Nowcasting storm initiation and
cyclones and significant wind structures in Doppler radar images. growth using GOES-8 and WSR-88D data. Wea Forecas-
Atmos Res ,2007,83(2) :405-414. ting »2003,18(4) :562-584.

[25]  ZEEE3R, X ZF kSR HE, & 5L 10 38 = 4k 41 9 504 A9 % i [43]  Mecikalski ] R,Bedka K M. Forecasting convective initiation
P i KRB SR R 2F R . 2013,71(6) :1160-1171. by monitoring the evolution of moving cumulus in daytime

[26] AR XV GERE S R E X ]k = 4 5F 15 5ERR GOES imagery. Mon Wea Rev,2006,134(1):49-78.
R R RG IS, K5 2% ,2014,72(1) :168-181. [447  Marianne K. Satellite Nowcasting Applications // World Me-

[27]  akFEeE. 2 22, 0 BLF 45, BT RO 2 B ke KR E teorological Organization Symposium on Nowcasting and
PRI R 42 .2014,25(4) :414-426. Very Short Term Forecasting. Whistler, Canada, 2009.

[28] Rossi P J, Hasu V, Koistinen J, et al. Analysis of a statisti- [45] Sieglaff ] M,Cronce L. M,Feltz W F,et al. Nowcasting con-
cally initialized fuzzy logic scheme for classifying the severity vective storm initiation using satellite-based box-averaged
of convective storms in Finland. Meteor Appl,2014,21.656- cloud-top cooling and cloud-type trends. J Appl Meteor Cli-
674. matol ,2011,50(1) :110-126.

[297 WM, B HR OB 5. T AR R UK XUR R ) 2 3% 8 KRR [46]  Sieglaff ] M, Cronce L. M, Feltz W F. Improving satellite-based
SERRAE. B A S 24, 2015,26(1) :57-65. convective cloud growth monitoring with visible optical depth re-

[30]  Park H,Ryzhkov A V,Zrnic D S,et al. The hydrometeor classi- trievals. J Appl Meteor Climatol ,2014,53(2) :506-520.
fication algorithm for the polarimetric WSR-88D: Description and [47] Hartung D C,Sieglaff ] M,Cronce . M, et al. An intercom-

application to an MCS, Wea Forecasting ,2009,24:730-748.

parison of UW cloud-top cooling rates with WSR-88D radar



564

A EAF - 58 X iR

4 00 U 41 it

BHOR AR 653

[48]

[49]

[50]

[51]

[54]

[55]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

data. Wea Forecasting ,2013,28(2) :463-480.

Merk D, Zinner T. Detection of convective initiation using Me-
teosat SEVIRI: implementation in and verification with the
tracking and nowcasting algorithm Cb-TRAM. Atmos Meas Tech
Discuss,2013,6:1771-1813.

Zinner T, Mannstein H, Tafferner A. Cb-TRAM: Tracking and
monitoring severe convection from onset over rapid development
to mature phase using multi-channel Meteosat-8 SEVIRI data.
Meteor Armos Phys .2008,101:191-210.

TR, 7 5% S R R ROG TR W R0 AR X i e B 5
JE. R4 .2014,40(1) . 7-17.

Mecikalski J R, Minnis P, Palikonda R. Use of satellite de-
rived cloud properties to quantify growing cumulus beneath
cirrus clouds. Atmos Res ,2013,120:192-201.

Senf F, Dietzsch F, Hiinerbein A, et al. Characterization of
initiation and growth of selected severe convective storms o-
ver central Europe with MSG-SEVIRI. J Appl Meteor Cli-
matol ,2015,54(1) :207-224.

Setvak M, Rabin R M, Doswell C A, et al. Satellite observa-
tions of convective storm tops in the 1. 6,3. 7 and 3. 9 pm
spectral bands. Atmos Res ,2003,67:607-627.

Bedka K, Brunner J, Dworak R, et al. Objective satellite-based
detection of overshooting tops using infrared window channel
brightness temperature gradients. J Appl Meteor Climatol ,
2010,49(2) :181-202.

Bedka K M. Overshooting cloud top detections using MSG SE-
VIRI infrared brightness temperatures and their relationship to
severe weather over Europe. Atmos Res ,2011,99(2) :175-189.
Goodman S J,Gurka J,DeMaria M, et al. The GOES-R pro-
ving ground: Accelerating user readiness for the next-genera-
tion geostationary environmental satellite system. Bull Amer
Meteor Soc ,2012,93:1029-1040.

Ralph F M, Intrieri J, Andra Jr D, et al. The emergence of
weather-related test beds linking research and forecasting
operations. Bull Amer Meteor Soc,2013,94:1187-1211.
G BEW L P AR, 35 F NOAA i F & fl & 2 Fi 4R iR
. N 5:.2015,41(5) :568-582.

AR NARAL 5 L A5 TR RO S o R XU £k 6 e A
23 GORHI A BT AT S MR 2 B AU 5 R B BT 9T . 2012, 16
(6):697-706.

TRPRAR BN L F A% ] GPS 7K 5 W I kL4 b —
PEFE KT R, K42 ,2013,33(5) 1 492-499.
Johns R H,Doswell III C A. Severe local storms forecasting.
Wea Forecasting »1992,7:588-612.
JER TR AT/ PNy L B TR R S AL 7 A LR 43 AT
T o 3 AR B TT % 5. 2015,41(2) : 133-142.

Luo Y.Gong Y, Zhang D L. Initiation and organizational modes

58 X i

of an extreme-rain-producing mesoscale convective system along
a mei-yu front in East China. Mon Wea Rev,2014,142.203-221.
Xue M,Hu M, Schenkman A D. Numerical prediction of the
8 May 2003 Oklahoma City tornadic supercell and embedded

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

tornado using ARPS with the assimilation of WSR-88D da-
ta. Wea Forecasting ,2014,29.:39-62.
Xu X,Xue M,Wang Y. Mesovortices within the 8 May 2009
bow echo over central US: Analyses of the characteristics
and evolution based on Doppler radar observations and a
high-resolution model simulation. Mon Wea Rev, 2015, 143
(6):226-230.
Wilson J] W, Mueller C K. Nowcasts of thunderstorm initia-
tion and evolution. Wea Forecasting ,1993,8(1) :113-131.
Corfidi S F, Corfidi S J, Schultz D M. Elevated convection and
castellanus: Ambiguities, significance, and questions. Wea Fore-
casting ,2008,23(6) :1280-1303.
Wilson ] W,Roberts R D. Summary of convective storm ini-
tiation and evolution during IHOP; Observational and model-
ing perspective. Mon Wea Rev,2006,134(1) :23-47.
Horgan K L, Schultz D M, Hales Jr J E,et al. A five-year clima-
tology of elevated severe convective storms in the United States
east of the Rocky Mountains, Wea Forecasting , 2007, 22 (5) ;
1031-1044.
VERAE BR M BRI - 55 B AL O ve UM oh % 2 e B 3R R
R KOS P ﬁ%#%‘&.zow,m(z) :197-206.
TR BAHE OB L 55 RE AR FE 0 B S Y i S B R
ﬁi‘ﬁ K4,2014,40(9) :1058-1065.

—F A A PR 2SS 2012 A LRI R — U R
Tcﬁﬁ&ilﬂéﬂﬁ. K4:,2014,40(1) :48-58.
Tian F,Zheng Y.Zhang T,et al. Statistical characteristics of
environmental parameters for warm season short-duration
heavy rainfall over central and eastern China. | Meteor Res ,
2015,29(3):370-384.
Wakimoto R M, Kessinger C J, Kingsmill D E. Kinematic,
thermodynamic, and visual structure of low-reflectivity mi-
crobursts. Mon Wea Rev,1994,122.72-92.
Wilson ] W, Wakimoto R M. The discovery of the down-
burst: T. T. Fujita’ s contribution. Bull Amer Meteor Soc,
2001,82(1):49-62.
Wakimoto R M, Wilson ] W. Non-supercell tornadoes. Mon
Wea Rev,1989,117:1113-1140.
Agee E,Jones E. Proposed conceptual taxonomy for proper
identification and classification of tornado events. Wea Fore-
casting +2009,24.:609-617.
Agee E M. A Revised tornado definition and changes in tor-
nado taxonomy. Wea Forecasting ,2014,29.1256-1258.
Atkins N T.Bouchard C S, Przybylinski R W, et al. Dama-
ging surface wind mechanisms within the 10 June 2003 Saint
Louis bow echo during BAMEX. Mon Wea Rev, 2005, 133
(8):2275-2296.
Grams J S, Thompson R L,Snively D V,et al. A climatology
and comparison of parameters for significant tornado events
in the United States. Wea Forecasting ,2012,27:106-123.
EFWL AN A NRIL AR b e A AT« SR R AE 43 T
RBR2M,2015,73(3) :425-441.



654 B R g ¥ R 26 &

[82] Rotunno R,Klemp J B, Weisman M L. A theory for strong, cal Organization Symposium on Nowcasting and Very Short
long-lived squall lines. J Atmos Sci,1988,45(3) :463-485. Term Forecasting. Canada,2009.

[83]  Weisman M L,Klemp J B, Rotunno R. Structure and evolu- [99] BH%E. kX E. &% FHRGLIEZEFEMRENRL. R
tion of numerically simulated squall lines. J Atmos Sci. % ,2009,35(5):10-17.

1988,45(14) ;1990-2013. [100] JHE%. F . o K E, & KV i G T #5245

[84]  Corfidi S F. Cold pools and MCS propagation; Forecasting the mo- (MYNOS) JeH . B AZRF A4l 2013,24(4) :504-512.
tion of downwind-developing MCSs. Wea Forecasting » 2003, 18 [101]  BRBAEF .G/l G 55, X KA 3 IR B AR 1 & e
(6):997-1017. SRS . BRI, 2004,15(6) : 754-766.

[85]  BRUAFF, F A 82 T B Y28 Fvd AR F 4 5 m e [102] Dance S,Ebert E,Scurrah D. Thunderstorm strike probabili-
i X — YR RE LR T & TR A B AR L. ]S . 2012,70 ty nowcasting. J Atmos Oceanic Technol ,2010,27:79-93.
(3):371-386. [103] Fox N I, Wikle C K. A Bayesian quantitative precipitation

[86]  Bluestein H B. On the decay of supercells through a “down- nowcast scheme. Wea Forecasting ,2005,20:264-275.
scale transition”: Visual documentation. Mon Wea Rev., [104] Xu K, Wikle C K,Fox N 1. A kernel-based spatiotemporal
2008,136:4013-4028. dynamical model for nowcasting weather radar reflectivities.

[87] Davenport C E,Parker M D. Observations of the 9 June 2009 J Amer Stat Soc,2005,100:1134-1144.
dissipating supercell from VORTEX2. Wea Forecasting » [105] Germann U, Zawadzki 1. Scale dependence of the predictabil-
2015,30:368-388. ity of precipitation from continental radar images. Part II:

[88]  Coniglio M C,Corfidi S F,Kain J S. Views on applying RKW Probability forecasts. J Appl Meteor Climatol ,2004,43(1) ;
theory: An illustration using the 8 May 2009 derecho-produ- 74-89.
cing convective system. Mon Wea Rev, 2012, 140 1023- [106] Megenhardt D L, Mueller C, Trier S,et al. NCWF-2 Proba-
1043. bilistic Forecasts. Preprints, 11th Conf on Aviation, Range,

[89]  Clark A J,Weiss SJ,Kain J S,et al. An overview of the 2010 and Aerospace. Amer Meteor Soc,2004.

Hazardous Weather Testbed Experimental Forecast Pro- [107] Sokol Z.Kitzmiller D, Pesice P,et al. Operational 0—3 h proba-
gram Spring Experiment. Bull Amer Meteor Soc,2012,93: bilistic quantitative precipitation forecasts: Recent performance
55-74. and potential enhancements. Atmos Res ,2009,92(3) :318-330.

[90]  FGEYL. 40 9 BB A A B8 ) I R AR T b M 45 g R [108] Kober K, Craig G C,Keil C,et al. Blending a probabilistic nowca-
HEE. 54,2015,41(6) :661-673. sting method with a high-resolution numerical weather prediction

[91]  Mueller C,Saxen T,Roberts R,et al. NCAR Auto-Nowcast ensemble for convective precipitation forecasts. Quart J] R Meteor
System. Wea Forecasting ,2003,18:545-561. Soc,2012,138(664) :755-768.

[92]  Pinto J,Dupree W, Weygandt S, et al. Advances in the Col- [109] Scheufele K,Kober K, Craig G C,et al. Combining probabi-
laborative Storm Prediction for Aviation ( CoSPA). Pre- listic precipitation forecasts from a nowcasting technique
prints,14th Conf Aviation, Range, and Aerospace Meteor- with a time-lagged ensemble. Meteor Appl, 2014, 21 (2) .
ology. Atlanta, GA, Amer Meteor Soc,2010. 230-240.

[93]  Seed A W. A dynamic and spatial scaling approach to advec- [110] Mecikalski J R, Williams ] K,Jewett C P,et al. Probabilistic
tion forecasting. J Appl Meteor ,2003,42.381-388. 0—1 hour convective initiation nowcasts that combine geo-

[94] Bowler N E,Pierce C E,Seed A W. STEPS: A probabilistic stationary satellite observations and numerical weather pre-
precipitation forecasting scheme which merges an extrapola- diction model data. J Appl Meteor Climatol,2015,54, doi:
tion nowcast with downscaled NWP. Quart J] R Meteor Soc » 10. 1175/JAMC-D-14-0129. 1.
2006,132:2127-2155. [111] Germann U,Zawadzki 1. Scale-dependence of the predictabil-

[95] Haiden T,Kann A, Wittmann C,et al. The integrated now- ity of precipitation from continental radar images. Part 1:De-
casting through comprehensive analysis (INCA) system and scription of the methodology. Mon Wea Rev,2002,130(12) ;
its validation over the Eastern Alpine region. Wea Forecas- 2859-2873.
ting ,2011,26(2) :166-183. [112] Bowler N E H,Pierce C E,Seed A W. Development of a pre-

[96] Nisi L, Ambrosetti P, Clementi L. Nowcasting severe con- cipitation nowcasting algorithm based upon optical flow
vection in the Alpine region: The COALITION approach. techniques. J Hydrol ,2004,288(1) :74-91.

Quart ] R Meteor Soc .2014,140.:1684-1699. [113] Cheung P, Yeung H Y. Application of Optical-flow Technique to

[97] Li P W,Wong W K,Cheung P,et al. An overview of nowca- Significant Convection Nowcast for Terminal Areas in Hong
sting development, applications, and services in the Hong Kong. The 3rd WMO International Symposium on Nowcasting
Kong Observatory. J Meteor Res,2014,28(5) :859-876. and Very Short-Range Forecasting (WSN12),2012.6-10.

[98]  Chen M,Gao F,Kong R,et al. A System for Nowcasting Con- [114] B2 BRBHEF, & 5E, 55, 56 T 75k A i IR 3T B4R A R

vective Storm in Support of 2008 Olympics,// World Meteorologi-

B B T il 0 R ) i I R S R OK T AR IR B R A



564

KR 7K e 25« B 0P A IR M 0 A P R 655

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

2013,71(3):397-415.

Johnson J] T, MacKeen P L, Witt A,et al. The storm cell i-
dentification and tracking algorithm: An enhanced WSR-88D
algorithm. Wea Forecasting +1998,13(2) :263-276.

Hering A, Sénési S, Ambrosetti P, et al. Nowcasting Thun-
derstorms in Complex Cases Using Radar Data. WMO Sym-
posium on Nowcasting and Very Short Range Forecasting,
2005.

Dixon M, Wiener G. TITAN: Thunderstorm identification,
tracking, analysis,and nowcasting-a radar-based methodolo-
gy. J Atmos Oceanic Technol ,1993,10:785-797.
OO EULPC 55, R T RO T 4 1 = 4 KUBR U
kWS, B, 2007,65(5) :805-814.

Autonés F. Algorithm Theoretical Basis Document for Rapid
Development Thunder Storms // Nowcasting Satellite Appli-
cation Facility (NWC-SAF) Report Issue 2 Rev. 3, Meteo
France. 2012.

Walker ] R, MacKenzie Jr W M, Mecikalski ] R, et al. An
enhanced geostationary satellite-based convective initiation
algorithm for 0—2-h nowcasting with object tracking. J Ap-
pl Meteor Climatol ,2012,51:1931-1949.

Bonelli P, Marcacci P. Thunderstorm nowcasting by means
of lightning and radar data: Algorithms and applications in
northern Italy. Nat Hazards Earth Syst Sci, 2008, 8 (5):
1187-1198.

Kohn M, Galanti E,Price C,et al. Nowcasting thunderstorms
in the Mediterranean region using lightning data. Atmos Res ,
2011,100(4) :489-502.

P R B B2 L R T DBSCAN S 25T 1k 1) 4 WL I
VS, LR L 2012,32(3) : 847-851.

Ruzanski E,Chandrasekar V, Wang Y. The CASA nowecast-
ing system. J Atmos Oceanic Technol ,2011,28:640-655.

Li L W,Schmid W, Joss J. Nowcasting of motion and growth
of precipitation with radar over a complex orography. J Ap-
pl Meteor ,1995,34:1286-1299.

Laroche S,Zawadzki 1. A variational analysis method for re-
trieval of three-dimensional wind field from single-Doppler
radar data. J Atmos Sci,1994,51:2664-2682.

Wang G.Wong W, Liu L,et al. Application of multi-scale track-
ing radar echoes scheme in quantitative precipitation nowcasting.
Adv Atmos Sci +2013,30(2) :448-460.

Wilson J W, Crook N A, Mueller C K, et al. Nowcasting
thunderstorms: A status report. Bull Amer Meteor Soc .
1998,79.:2079-2099.

Radhakrishna B, Zawadzki I, Fabry F. Predictability of pre-
cipitation from continental radar images. Part V:Growth and
decay. J Atmos Sci »2012,69(11) :3336-3349.

Surcel M, Zawadzki I, Yau M K. A study on the scale de-
pendence of the predictability of precipitation patterns. J Az-
mos Sci,2015,72:216-235.

Wolfson M M, Clark D A. Advanced aviation weather fore-

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

casts. Lincoln Lab J ,2006,16(1) :31-58.

Stensrud D J, Wicker L J, Kelleher K E, et al. Convective-
scale warn-on-forecast system: A vision for 2020. Bull Amer
Meteor Soc ,2009,90(10) :1487-1499.

Migliorini S, Dixon M, Bannister R, et al. Ensemble predic-
tion for nowcasting with a convection-permitting model-I;
Description of the system and the impact of radar-derived
surface precipitation rates. Tellus A,2011,63(3) :468-496.
Weisman M L, Skamarock W C,Klemp J B. The resolution
dependence of explicitly modeled convective systems. Mon
Wea Rev,1997,125.527-548.

TP BT I A RAE L SF L IE 10 AR [ AR K B A K
5N . K% ,2014,72(6) :1069-1078.

Golding B W. Nimrod: A system for generating automated very
short range forecasts. Meteor Appl,1998,5(1) :1-16.

DuFran Z, Carpenter Jr R, Shaw B. Improved Precipitation
Nowcasting Algorithm Using a High-resolution NWP Model
and National Radar Mosaic. 34th Conference on Radar Mete-
orology,2009.

Wang G, Wong W, Hong Y, et al. Improvement of forecast
skill for severe weather by merging radar-based extrapola-
tion and storm-scale NWP corrected forecast. Atmos Res .
2015,154:14-24.

Kain J S,Xue M, Coniglio M C, et al. Assessing advances in
the assimilation of radar data and other mesoscale observa-
tions within a collaborative forecasting-research environ-
ment. Wea Forecasting ,2010,25:1510-1521.

Kain J S,Dembek S R, Weiss S J, et al. Extracting unique in-
formation from high-resolution forecast models: Monitoring
selected fields and phenomena every time step. Wea Forecas-
ting »2010,25:1536-1542.

T INARAR , SR AF L T A RUBE B A PR A B R
G R 5RO R A R R A, AR R 2012,70(4)
752-765.

TRANES BT E L ANV LT EORL” I 2 W TR KRR
2010,34(4) :754-756.

Taszarek M, Kolendowicz L. Sounding-derived parameters asso-
ciated with tornado occurrence in Poland and universal tornadic
index. Atmos Res ,2013,134:186-197.

BEZSTE AT/ S b B R R SR A T IR BT S U AE
SrHT. WA % ,2013,32(1) : 156-165.

ZERRIR e SF 55 XA ST 6 I R T B B 0 O R TR X T
BB P AR 242004, 15(1) 1 10-20.

Lakshmanan V, Crockett J, Sperow K, et al. Tuning auto now-
caster automatically. Wea Forecasting ,2012,27:1568-1579.

Lin P,Chang P,Jou J,et al. Objective prediction of warm season
afternoon thunderstorms in Northern Taiwan using a fuzzy logic
approach. Wea Forecasting ,2012,27:1178-1197.

Kuk B, Kim H, Ha J,et al. A fuzzy logic method for light-
ning prediction using thermodynamic and kinematic parame-

ters from radio sounding observations in South Korea. Wea



656 AR S S S 1 26 &
Forecasting ,2012,27(1) :205-217. ing close forecasts. Wea Forecasting , 2009, 24 (6): 1498-
[149] Bright D R, Weiss S J, Levit J J,et al. The Evolution of Multi- 1510.

[150]

[151]

[152]

[153]

[154]

scale Ensemble Guidance in the Prediction of Convective and Se-
vere Convective Storms at the Storm Prediction Center. Pre-
prints,24th Conf Severe Local Storms,2008.

Roebber P J. Visualizing multiple measures of forecast quali-
ty. Wea Forecasting ,2009,24(2) :601-608.

Casati B, Wilson L J, Stephenson D B, et al. Forecast verifi-
cation: Current status and future directions. Meteor Appl,
2008,15(1) :3-18.

Ebert E E, McBride J L. Verification of precipitation in weather
systems: Determination of systematic errors. J Hydrol , 2000,
239:179-202.

Brown B. Verification Methods for Spatial Forecasts // World Me-
teorological Organization Symposium on Nowcasting and Very
Short Term Forecasting. Canada,2009.

Ebert E E. Neighborhood verification: A strategy for reward-

[155]

[156]

[157]

[158]

[159]

Hitchens N M, Brooks H E. Evaluation of the Storm Predic-
tion Center’s day 1 convective outlooks. Wea Forecasting »
2012,27:1580-1585.

Hitchens N M, Brooks H E,Kay M P. Objective limits on
forecasting skill of rare events. Wea Forecasting , 2013, 28
525-534.

FHAS AT FR K ' » 5 9 5 46 R I 5 I K 2 T 0y 3 SRR Pk Y
5K TR B 1 R G2 4, 2015, 26 (4) £ 385-396

Davis C A.Brown B G.Bullock R.et al. The method for ob-
ject-based diagnostic evaluation (MODE) applied to numeri-
cal forecasts from the 2005 NSSL/SPC Spring Program. Wea
Forecasting ,2009,24(5) :1252-1267.

R EiRI I B B 0 B N W & OR Re d
TR 223 R BHEIE R . 2013.3(3) 1 40-45.



564 KR 7K e 25« B 0P A IR M 0 A P R 657

Advances in Techniques of Monitoring, Forecasting and
Warning of Severe Convective Weather
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Abstract

Significant progresses are made in monitoring, analyses, forecasting and warning techniques of severe
convective weather., Techniques of thunderstorm-intensity determination using lightning jump algorithm,
convection initiation identification based on geostationary satellite data, convective weather identification
based on dual polarization Doppler weather radar data are developed, comprehensively monitoring tech-
niques of convective weather and systems based on multi-source data are applied in Central Meteorological
Office of China. Mesovortices within bow echo systems closely related to damaging winds, trigger, develo-
ping and maintaining mechanisms of convective systems are better understood; statistical climatological
characteristics of different types of severe convective weather and their environmental conditions, the me-
soscale weather analysis specification and corresponding operational website products are providing neces-
sary foundations and technical supports for operational forecasting of severe convective weather in China.
Optical flow method, multi-scale tracking technique, and comprehensive nowcasting techniques using fuzzy
logic method based on climatology, topography, and multi-source data are advanced; weighted-average
method and ARMOR (Adjustment of Rain from Models with Radar data) blending short-term forecasting
techniques are widely applied; convection-allowing high resolution NWP (ensemble) forecasts and their
post-processing products are getting tested in forecasting testbed; short-range forecasting techniques of
different types of severe convective weather using fuzzy logic method based on NWP (ensemble) forecasts
are providing supports for the operational forecasting. Comprehensively monitoring and multi-scale self-a-
daptive nowcasting techniques based on multi-source data, improved techniques of convective weather ana-
lyses, development of multi-scale analysis technique and combination technique between weighted-average
and ARMOR blending short-term forecasting, and improved techniques of (probabilistic) forecasting dif-
ferent types of convective weather with different intensities or extreme using fuzzy logic method based on
convection-allowing NWP forecasts should mainly be developed for convective weather forecasting and

warning in the future.
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