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Detection and Warnings of Severe Convection
with Doppler Weather Radar

Yu Xiaoding
(CMA Training Center, China Meteorological Administration, Beijing 100081)

Abstract: This paper presents classification of convective storms, subjective identification and warning techniques of severe
convective events including large hail, tornadoes. strong wind gust, and heavy convective precipitation.

Favorable environmental conditions for large hail are high value of CAPE between —10°C and —30°C, significant deep layer
(0~6km) vertical wind shear, and moderate 0°C level height above the ground. The characteristics of large hail radar echo are the
echo region with the reflectivity over 50 dBz extending vertically above the —20°C level, the Weak Echo Region (WER) under the
Echo Overhang, the Bounded Weak Echo Region (BWER) within the Echo Overhang, strong storm top divergence, and the Three
Body Scattering Spike (TBSS), etc.

The strong 0~ 1km vertical wind shear and low LCL are two important conditions for F2 or greater tornado potential. The
warning criteria for tornadoes are the identification of strong mesocyclone or TVS within a mesocyclone of any strength.

Favorable conditions for downburst and damaging wind gust potential are the existence of relatively dry air layer within the
mid-troposphere and relatively steep lapse rate of the environmental temperature. The warning criteria for downburst are the
constant descending of reflectivity core, accompanied by the convergence above cloud base. The warning for the damaging
wind gust produced by moving strong convective storms such as multicell storm, supercell storm or squall line are based on the
identification of the bow echo and/or the Mid Altitude Radial Convergence (MARC).

The severity of convective precipitation depends on rainfall rate and duration. The rainfall rate can be estimated by examining
the low level reflectivity, and the precipitation duration can be judged based on the radar echoes movement. Special attention
should be paid to the convective storms of tropical precipitation type, which has the tendency to produce heavy rainfall during a
short period. Efforts should also be done to identify the back propagated MCSs which are slow moving with high probability of
producing heavy rainfall.

Key words: Doppler weather radar, severe convection, detection and warning

ISOAPES TINDVIN: peN b &k i Ay E R TR A = B i
(Y132 Bl T8 JSERAR W (K135 9845 6L, KK 17 R U

1T 5|8
ERHIPNG P S et TS RS PRatt Pl

—, LEASRIKE. G, HWARKMRER]. RAE
IEWNEAERA B AL N TR bR, —
LA MR e R ORI B T RS
R — R PR F i s, FREPOE B A AR H AR
21 DY\ 5 B, R fe) A e ] 8 R A
oo ARG IR R BESE I P P KR (RS AR A
ERRCP-TITES % IPNat P IR e SRR

WA B H: 20115F7ASA; 5= B #: 20114-8A 128

Y. 4k (1962—) | Email:xdyu0422@sina.com

KN 8. MR RATL LT “F R RN R A5 W
ST EFR”  (GYHY200906003) ; % E &
%5 “BEREETATIRE RANARA 7

(1 MR R TR e )y . BRI EE R W — AR A IR
W40 2 5 R R IS . B —ROR A A LAk
4 v I8 LA B s 1 2 ) o R R R, AT AR
DNBI A% 40 B T8 30 8 PRIAS 2 R 15 2= [ . 51511996
TESER T 1502 868 — RO IATE A L 1 1) A 1 1
1B HESGFRF —ARRTEHEPR 2163 2 37 )
RATEIEM L, FI20114E6 AJE N 1E, C&5%EH1563
B ARRAFIEMATMN TAE. FEH—ARAHI
S (10cm) FIC (5em) PIANBB-ERALS, Hrp
CINRAD-SAZFISBAY 2 3% ¥l K<y 18 5 55 [H [y WSR-
88DTE 45 K4 Fl N FH A U ThT LT 58 A AR R, 3 R
TR . KV MERR R SRR ER YD
W E AW L. ORI —RRIERC K

Advances in Meteorological Science and Technology S&&HE#E 1(3) - 2011 | 31



32|

SRR A

dvances in Met S&T
ET IR AR . AR AU I Y N A0 2 A 4R
PP/ T N7 PN UKL SN ) Q7 SN TG N o I N I
LR JEER 4 Y At W0 S o 56 2% s SRF 23 AL 7 A ) ok
Hells 1 R4 A v 23 R Bl R e iR . A
SO LB — AR AR B AT 200 3L R R AR A
TV (R HARBEAT TR ZE R4

2 WRKE (F8) WHEREFER

IMEEH
2.1 BXRRER D

ARAT XA (R 3D 0 AE th U SR AR A e, %o
TR ARTE B IS AT R T B BRI — AN AN L)
PSR X A A S A 0 S AR R AR
TR R A Sl 2 T = AN B, BTER R
B BE. R BERIEHON B AN BN T~ 1043
Pl, AL AE20~300 B i AT o AE SRR
PRIGA R RAKAE T, AR ) S A B nT b T —Fh
AT e R e RS, AT RELE30 B L B R AN
B o XK A T e 452 R Ak 1 M RS DR 285 PR 6 VA PR AACRR
H B AR, MarwitzP FIChisholm ¥ % i X2 %1 43
h AR KR . R AR KR . 5 FY BT D) X R R
2 . Browning" 5t it KRR 20 R ST B N B . £
LR XU B RN 2k 3R (D ER) , A AT #A A X R B
AT DA 7 3 PR A A X ] DL ST P R 2 A X
e, ARG R 22 B JX 58 R R 2 PR 6 AL B A B ] DA
JE LA AT DU R AR . T IA R 2 FAE199044K
TR T SRR Ry BA R IR e 1) e 2k B
B H R IA RS A EITN A0 TR X X
K53 g B 2 A XUEE R R B 2 oA R R, T A
SRR R TR ML 55 N G2 AT AR 58T K %o i A 2
SR R SUIRERER NP I AL R N IE TSN EF4 8 SR U N IE 7
R LE . Horb 2 fpd X 5 FR LA S TR 2 A 1)
M AR R B, T R 2 AR R R T DA AT
(B R R, ] DR AN AR LA
TE PPLAA B A R TR 22 AR AR, o g
Py SR o AR U, W 2 AR R — A
BRI o SO HOA R R, TR TR A 2
A VA A R AR R o AR R X R 27
% PR X 22 [A) B DX I AN SR AR B R, BT iE
CHEERAR N2 TR —EREN ‘2
AR iy, AR IE & B AT — DN AR
HHAE. BRI R S o & BB P AR BRPEK
B PR 55 2] PR M2k R AN Ak B IR HE
IR 2 e (H 2. IRkt B , H35dBz
PLb Rl o K g 2 Lh sk ik 501, 9F HAK R /b
J50km. A4 R LR IR SR T AT R G Ak, ol

R AERE L P IR 20 AR A o S R R X2 . 2
PR S 6B 2 A P R R 28 2 A 4 L 7R IR [P T TE 2
Tff o I 7R 2R 2R 2, A SR R A e h ROBE X i &
B AAMCCHE MR L TR = IR IR € L, MCCATE
IA [P W AT I S RE 2 S5 1, AT I A AN 2 LR R
B, BRI EE. FEERZER AKX (BUZR
RAWEBEAKRD LS.
2.2 BITRMN R £ IR

PURE B AR B = AN BEE R R S A EARE
Py IKESAERRTE Rk Bldl. K245 HARE
BRI 7K VR R AARTR 1) T 2 v 350 5 10 > F 2 4
XRAT AL B CAPE U] CIN kAt (LK 1.

AN EE L R R RS E A RE
MBI FAE = 2 A% DUEg . T
g, Wl D RN E 2 il At (BEXE)
T ol R 5 26 55 o 100 S 2 T A ok A R ) R
PLRIT * o SE R E TR0 (NCAR) (R Bl
T TR 2 8t Auto-nowcaster - 2 & v /- UL A E e &
LRIFERE P LSRR A A TR IS AT R I A
AR, SREEAES~20dBz2 (8], [A3 7 AR 1 S A )
Re LB Hbr (Bl 5 &4 BRERIAH
PR, AT 2 DN A - 6 B AT 55 11 3 Y
BRI . R GE AT, IR fe sy, A
ANDAEBLR,  rf RUBE b TR R300 A th mT DK i AR 1 AR
FRCERAI A B T R AL o H 7 I A 2 M R R 1)
—HFHLE],  FUEAE S W R e AEAE, It IR X
PO TE S Sy GHNRVE & e SR IS

YRE B AR IR AL 2 A0 R 55 1) DG HE R - 2 — X
) KT B v BE A Ak, B D) AR . KOs iR 2 3
AT AR S5 T4 1) 5 X R A o ke 1M 1 22 ) KU 5% 1

100 >

850
1000 5 -
-20 40 0 0 20 30 40
BE1 T-logPEISRSHAES, HPCAPEFICINS HIt0
BB + F0B — Fi7R

Advances in Meteorological Science and Technology S&ElH#E 1(3) - 2011



2 ZEM YA (AT LA 500nhPafil b I 2 A KUK
2 o FZAEE20m/s, W JE T 5 I E XA
FZAEAE 12m/sF120m/s 2 8], ) g - Hp 25 L 5 P A
FLADIAS; izfaAE12m/s LR, D)2 B A 55 1 o 1
MDA, R e — AN KB &%, BARRR)
53 i BRI SR M AR S F AT IR IE . 7E TR H R D) AR
S, A LR ARG R B 2 A L 22
BRI R EE YRR, AT
SR SE U 1) 22 PRI X R RIRE 2 1) HH s SR o XL
A, I ELA R LEAR 2 R e e L e Il 8, D)
AR T AR =AY, Rk, SRR
S, VA 3 5 P A XD R 7 3T AR 2 ARV R T
L EE R TS R AR AR AT R

T AR I, IR P (A e H T
TR FELRZS o MR A (I 25 0 R ARAE, i) AERE
12/ —W, 23 A BG200~300km, ) F 7 K
TR BEARANATHE o JU IR R ARV 2% [B) A [ AR
HARK, i AKIR A 5 KA e MR R oK. % 1
A Ja R 2 3 R 4G T, 500hPalty K i) LA
FHAE s gl S, s i OB B i 22 203/ i —
W, BN A F 1080 — U, XA LAY
TR E XIS . 765 I8 A KA BRI B
N, JEVADKUERZR = i nT DL A s TR A LA
FREEL, FEHA6 BB —k, 1T LA R T
BRI o S5 T4 Ja 5 R RECAPE A T 75 2
FEXTOSHF B A ATV IE M3k iy B HEAT A5V, IIEF 2
A 507 B A9 ) 25 &5 R R 06 30647 49 ST e VA B3
AN, AT DU TR 16 71 i e e b T 108 i i
T T3 P KAl VA7 S5 TR0 A 2 BECAPE .
3 BITRRSWEXIRFSME

SRR SIGH A 2em L L HARRIIKE . BR/K e
B2 AMOBTE A R T8 LA TR R R (5§
] RS0 R R XU 7 2 1041 LA

Review # (#

B 5 AR S A ARAT A PP $5 b ik (0] % 3 ELRHIH]
1) 75 2Ot TE IR R A I A AT 58 2 (1) DU 4 FE A 11
AL G2 I RHAT AL A2 v LA 5 (A1 98 30047 HRs 41 4
ZU30F0Bh 2 A7 T B — K, T e BR IR AR R 4 b T 22 S
BT TR Ik, DRI AR S RNy YRR T
WA BRI R B InA . AT, AR
(AR Sz e 8 A G A 7 50, BRI — AR
Tk EER AR T X B E B A
HRAVCPIL, VCP2IFIVCP31 =R, 407
P AESRXT I I P RRKRUE K CRES R
KRGS NEH . SEFR g, aTBUR A VCPTLA
VCP21 A AFIRE, simiig ol F i veptr, It
flE ot FATHVCP21. 2RI, VCP11 A EAK0.5°
B 19,53 14N AR 18, TTTVCP21HH0.5°
1959 A FERI B, 7ERR 5 E 1A 150km (80
HHED LR, VCPIERZLVCP2I A mA £ M
M E R, X ALE R IE O ESR A VCPL
PP E RN . 53— AN R EEVCPTT—AMA
FRT TR R 55080, T VCP21 T 75 15 18] 63, HI
VCPI11EEVCP21 E A SR 58T A, & & T A0
SHOOT I TR o B e A A TR A 19.5° 1 A E i R ik
AR, A RN AR 1) TR () DTS AN B, T
19.5° LA A LA 220 306 TS 9060 428 1) o B 1 ik,
BAR AR K ORI fER AR L
R, HAWEWMYEES, ETMREMNH. X,
19.5°DL Bt A W, % X PR o f X . T
HEX AR AE, MR 28 H A B E20km A I, 1L
P F-6km A A R TIE I B . Ak, 73
BIARIH T, B IR LR TE BRI, R T
HER 156 TR R, S (AN A 1k SR 00 1) M T s R AR A
B, R ANREMM B, Rk, HiE T
T 1 B A I 2 B 30 AE 20~ 120kme 1] O T4

FHRRD RO, UL [5”
RTINS EL AANE AR |
BN BT, REIINERT |, o
PR LRI

3.1 #F—RRSE AN

V/
V//)
)

HHHHHH

10
| ; |
00 120 ° 20 40 100

VN

60 80 60
tal Range (nmi) tal Range (nmi)

Br— AR A HT & DRI H @2 veptgover21 g4,
J7 AAE A E BRI 75, X S54SR IR R H M GE
PP 0 b5 5 [ 9 (R RHTEE: 1 1 486 0 w0 i oy =X A7
IR K BIATE o AT LLES H [B] A X 58 3 (1) = 4 45
s T AR AN AR 1IN ) e 8 g I AT A
PO AN R e B ) DU e L s (= 42 T — 4k I

Advances in Meteorological Science and Technology S&&HE#E 1(3) - 2011 | 33

SARRMIAT IR (FFEER=3048m), #4

FREAI B (HEEB=1852km)
3.2 FKE

A A 5 RN AR AH R R I s I R R
JE L. A20M A T0FEARLLK, 2R
RSERACWETUPAT ], )5 R BEAE WSR-88D 1 3% [H 4 [H]
(1A D11 FF U A0 55 H 2 A o S I XU (R 428 i)




1|

SRR

dvances in Met S&T

-’,. /‘\ A A4 \ "::- =~ b
CONVERGENT ROTATION PURE ROTATION
3 {
3 ]

NSOz 3 ‘ 0
: 3 3
ALY N

RE DIVERGENCE

DIVERGENT ROTATION PU
B3 BB B P S HRE M SRR
[P R PR . BRI FE R A% i 3 3

REAE TT DL Wiy B 455 XU Bl vy P2 AR A OO0, ) A o KL
YIRS R T BRI A R AR AT . /N
AR T RGHEARFAE Gty « i R T SR IS LR 1T
SRS RIRE— DI A R EFA . L A X 0 it A e e
NARZ e AR ), B 2 Bk X
SRS FRCY 7 (mesocyclone)
()N ROBE S BEAR ARl 3X A “rp 0" S5 R
Brooksid ik 73 A1l 45 Jil [l () b 0 <R 3545 1 e 6 R
EEEAR FRE A O TR B A ek
T s I R A, 56 R R e T AR
SR, BRAEEEDIAR . T A R RN (R =
AN TR R — s TR bR I/ R IR A Be g 2 2k v
KiE. ABED Aok TPRISS =ANES . — B
WA, BT R AT AR R i — HL
SRHUNE, EEALRIR AT A EN . B UERT,
SRUKEL . et BT R K = «

X R AR A D I — o
7190 % LA b, AE H I 5 b OB
W, K AEMEN40% .. TR
AT AT Jpe S tH AT 8 2 A4 XL 1)
i, RJE I BTN RE. HAR
JFER AW . EI3Z T RGBT
Brrp A ORE SR o XTI AR
PRI, RIREIE Ry 4E A 2 U X
e (E3a) , HE )2k el i
AJiEke (K3b) , Hm 2 o
e (B3e) , )2 MR

NON-SEVERE THUNDERSTORM

B4 EEMRNR (K

AR (3D .

76 B B — 28 4 O — AR AH B IF N H
DLSK , Wl 21 AN b k8 2 B pk Ko SEAR R 1) b e
A, BEANABIRR A T PR, B K EFEE KR
W KUK FIEAS o 1K ECAME (1) — SEHE 2 pA h A<Ue
()& R 5 B3 B S AR B BEAAH AT
3.3 KikEHFEHEMNEMZE

VKA R AR T fE e K5 X K
F, RRAEREEE N A K sz B, Hodr, oK
VKB IG5 R e N UKEL A 45 19 0 20 b i 6 Ak Ik
2emfUKEL . BT ARUKE, TR R BB L
g, I HIRA ST B — B ]

AR T RUKE RIS (D HERKW
XA A BECAPE, JUHJEAL T-— 10°CHRI—30°CAFif
2 2 [ PR AT A RE LA R (2) 0~6km 2 [A]f# T
BEAIAERR;  (3) O°CIZERHIAI B EA S R o

7 A VKR TR i 6 J PR (1) B 3 TR R A AR LA
P I <8 P R R [ O e LS R =) A = R N
oE, R —20°CEER LN N (1) 2 E AT I 50dBz
MRS 2R 7, WA AT REr A KUK M s i 2R A
FIEMEOR, AR BBk s, 7 AR DR UK ) mT et A
FEE RN, T, W S0dBz KRl i
=20 CEFIREL LA g, (RIS O°C 2 BE Hb I 1) v BEAS
ARt 4.5km, W] LA S R AT R OK R T

KUKEL I B R i 20 T e 2 A ol T
e AL B H RSO N A BRIA B A7 I 7ER S
T LD Ol AT DU A K UKL, i ™ A2 o)
TR R R Ik R, o ik XU 0 5 2 22 FL g
W, Hopr—A sl LA AR v DU e ok s gh, B
T BURFAE S ) AA [P i B LA vy, T AE6~9km 2
(), [A19 rp o g R I 50d Bz ik KU 1] A= A2 34
BB QQem A7) IRVKE, (HFERSEI (a0, T
R T R A

SEVERE (NON-SUPERCELL) STORM

CLASSIC SUPERCELL

) . EFBRBEFEEMENR (P) NBREGRER (H) B

5 R A

Advances in Meteorological Science and Technology S&EHE#E 1(3) - 2011



19704FAR /5 1], Lemon! &t 7 —FfEp &5 L I
3 B IR E P U) T AR A T TR 58 B A
T 52 31) 56 [ 5O AL R UE M 25 N B3R R . A
R o KR = 4E Sk . Kah i =skon 8K, A
AR AL BT R BEAN A 0 A5 o X T 2 AR X
B, R DR AL AR I A e i K (1) B
PR RERP BRI o i AR Z SR R I 7 P il 2
AN PAFRAR 2 AU T G e [ 90 PP AR A O B 3
FITHR TR o P L, BSE I RS RZ TR S
D725k . i 2k 3R v 2 P o 3l 1 20d Bz ) i
Hl, N R AR B T B . R BABSS AT
A A S . B4 () iR, BTt
AREEANK, R AR S A R R X AR S 17
) EANFLE R, BATHURE, ARJZ SN A IA 1 DY B 1
Bog, BRI FARZ SO R I DOy rpoy, TR E
PR b BT 95 [l X A SR 8 Il X 14 () ot
IV ARRE R AR, IR SO R A Z AR AL
) — 00 ES DAR K (B P, XU T TR S S 4 A
TAENUL— MR sk B X 2 b, v 2 [l g5 o 58 e i
2 FEARZ AU — DA T &0 B s (B X o ol
B, P19 AARAE S RRE AR — IR, I 55 o]
e DX 58 [\ 5 DX 2B By P sk T 5 4 o 3K — sl AT
ELAE _EAT ARG B4 CRD Xt ROE 20X
o VLI, DERARJZ SR A< A1 H BT S R AR Tl
Rk, AU SR R BB R 2B K, R
JZ DLW 1A g g, L o [l gae, KU Tii
RETARJZ S AR P B RE DX B g5 [l X o |
R AR A A AR TR =P AN () S 2R I8 () SRS R A

(OPIE B R
BER R AR g A i
R X R 0% 2 R, PR
R XA B A
B thy T 426 0 % 20 A [
KRR = Bk
T, K 5 RO AR
ARSNGB S
W T, — AN e
mRETURENS I
B, Ry IERg e
RN (K e
L kmRE) , H
15 5 /0 B s 5 % i 3
somB, monag |

Review # (#

2 2R 2 0 I A TR I [P 38 s S %6 R -1
HIE B FLAH B B AT 7R 2 ) LT B U R T
e B W] DU I AR B RN SR 40 A [ A0 £ 1
S5 2R IR 1 R v B R R E5 A RS, FCoh Y
BN

K545 H 7200546 A 15 H ¥ R R AR 288
o Z B TR I DY 4y BB R . e H15H O
167y CAEITI) 0.5°, 2.4°, 6.0°A0 7 () S 5% 4 1
BRI 5oA A AR IR BE ] . v ERE#N0.5° (A k) A
6.0° (A7 T A Y s S 5 PR 7 I b R 00 Sk Fi 7 [
FERIHLERAT B, #R0.5°00 0 b A8 B, AT k45 1
AR AR JE N TRER T, 87 Sk AT 7 2 A BN AL 11
MK Z TGP X, ME6.0MMA AR, ik
SEHU T L 60d Bz 1) s A oy, g AR R
5 ONTRE 6 N 55 Rl X 2 b, A AN i [R]
MELER . Bk, Tl X R 45 b R 5K, A i
TELITH, gl mT LK T X O R K R ) T 4G
Fyo LIRERAE1ISH OR300 oAy 4 2 B A 9% T
HAARIE12emf EORVKE . B, 0T KUK 1 & ik
IR, BR T S — 4k e i S R R T2 Ak, 1
WS DL A DR S E AT DAE— 20 2% R B[R
) = YE gk, kP43 bt SR g5 SR WA e 2
R PR EX . ARZAE I 553X [l
P2 I S A1 M 8 AV WA e O 1 S B
A (50dBzEs K R BETE —20°C A5 26 i 5 LA
ey I HLOCERR £ P 5 b i v B AN R 4. 5km) Ji A2
IO, IR SR T 1 [R1 i AR5
HEL, WORVKE IR R S W 238, KUK R (1 &

ol
tivity E

AT )

Cntr: 159deg 98km

Elev = 0.5deg

Long: 117/9/7 E
Mode: Precipitation

veP: 21 21
Cntr: 159deg 98km Cntr: 159deg 98km
Elev = 2.4deg

Elev = 6.0deg
Max: 73dBZ Max: 63dBZ
- s

i
3

E
[

4, Fng=100 Okn, J=5 Okm, B =35 (8) |

AR R Lk
BB, W AR A

= s = [Eamn=ax || e R L 1o
E5 200556 H15H0BH165 HRINSAEIERRHI0S° (L) , 24° (ETF) , 60° (FT) MHRGIEEY
1.5 (AL) WAEEHEER (EPrREELEREEHIHIEAE) .

Advances in Meteorological Science and Technology S&&HE#E 1(3) - 2011

35



36|

TR y

dvances in Met S&T
AT AT SR

FHR AW R — N A S w2
el 2R AG/KEVIL, HE A KIES L
TR o TRAIKITR B bE A T i B TR I 2 1) S S % 1A
TR Z M5 K R

M=3.44X10"°2"

AT VRS . X6 AT R B R A 15 3 4 1 2 A
WAKEEVIL (%S 2 {ECINRAD-SAFISBALH —1X,
RATE R o VILWUR KK S T AN 2=
(1500 i AR I~ B VILAE, W) AR KUK 8L () ml B PR AR
Ko M43 E OklahomalM e vl 5H X T HILK
VKB I TR 1 BRI S K R VILIF I b 55kg/m®, 6—S8
H 3 IO A Y B4 A 65kg/m®s Amburn fIWolf ' 5 X
VIL 5 X% 0 B 2 Le oA VIL S . A AT 0 wF 9T 3%
Y, R VILSS B 4gem™, )RR 4 B AR
2em P RIKE MR K. FEIRH, 7EHEHE
30km AP FI150km AN, B2 I VILAE & A7 8O PIAL
THRZE.

FH R ) T R UK L B o5 — A 45 A g K2 T
. WittHlINelson' %5 Hi 7 KU THIE G BT 7 (i S it
R ST 2 IAIG R R . 774 KUKE I IE 7 FE
ZAHRI R M38m/s. IZIRIZALI KR, 200245 127
1 672 2 AR 0 P DX e e (10 DR T 47 3k 3 7
63m/s" Y, TR i 1 XU TR B R R RER /N
BERLARO N, BROKE A% 40~50mmZe 47 .

S B a2 [P A 21 H B W R
BT AEAE RVKEL . AR IS S e i T =k rh K
VKR ECEAE R ARS R 2, FR DR UK S ) 1) 9 281) 1 1 1)
TSP O IRUKE, Tt RUK R L3 A
HUR RIS, 7 KUK X ) o VR B IS A2 ) () JE K 2
HE UL EH T ST g 8 ) R AR IR, R A = AR [
Wl 5. SPBLETIA R — AT 1 H IS A7 AE K
KB A o3 ST AE L B4 . CYRBLTE A Bl b i
= AREUR LS 2 — 2, (HIFA— xR KUK
B . TECHEBLAMETN, MKEWRA R~ 4 =
L FERFST T 504 =BG, Lemon™ g
H AR B = AU S 0 10~3040 80 A st Rl B
LR T2.5em B2, [A) i A0 43 £ Bl A T 10 ¢ 5
PER . B 55555 200 o A 70 B I 1 — A kAT
TAMM T, RILT B = AR EE Ao ER 1 bl AT
KUKE . ESHMERLE TR =B, 4
1.5°F02. 440 JU I B o
34 FEMTFERUSME

T e R 2 7 AR TR IR B R I /N RO 55
PERA, B s e 45 10 o i KUE A 110~ 140m/s 2

Ho ME G, SH—FELMNLTKEJLE KT
TR MR & R BT T, AW Re ik
[0, FEH 5 1 B AR R s s A7 B AR A i
ECRAE M 7 2R U AR O A R 2E s A ARA
K, FRAKESE. E&ERF=TAARER, A1
SEFRUERITR SR, A S R AR ] DR i — 2
Koz, HfinAfe St 2 3, F
MEZ AR ARZH G e, R
AW EOe 1t e e . — B Fujitae ¢
Kty 52 A AR/, Fujitafe gt T it 54 sl
TR 0 () 40 AR L ) e K 55 20, SRAL T M RE 1)
FURE . B T W00 e BN, FujitadF et nl LU >k
R RS P20 B5EH%. R14GHT
Fujita®5 ¢ 1) Fiik .
=1 Fujita EHZH>

fili I & K

PR Qi (ws)

EIAE =1L

BRRERE . ESH s E,

Fo B33 phinTremEIE, R

SR IR, AR

AR E . T LAE N ps B E TN ETH, K3l ER

Fl 3350 Lo R, (EAETT RN L B AR
BSOS . HESR 2 A R TR, 53 5
F2 S0~70 B, GUEEEENE, KRR SBE R, R
bz
PR, BTSRRI, — el s S0 5 1
F3 70~92  WEIE, KEMWFEIE, APKEASERARBERE, K
TR TR 5] — 2 BB ASh
EAHE . SRS RRBIT, — S R A B —
F4 92117 Eﬁgu%,ﬁ¢WMﬂ§m,~%km%m%ﬁxA§
HEUABG R . I 4 S0 B B B R B A
F5 117~143  YPEES> AR LER . 545 K/ NI IR LA 1t 100m /s Y 35

EANZ T, SREMELEENIR.

B et B AEAE AR T X, A RR T
T PIPT IR . AR IR . AR, 84T R K ER
VL= AP et X o BRI E A SR B 45 50 ~80
Az [ CERRER T RE RN, e F2K
DL KL 5 ~64 . FRE T K AE AR A%
FRE CEEREAIERKMIBEL 13001 .

o246 53 b R 2 AR e 2 AR R 2 AR e K
Ko BYRE RS KA ANEN, TR 2B [A]
eI BRI R ARZ BRI . TREFR R, I
FEFTA AR 0 R S T TR P ERIR [, K2 4
PR 0 A A p AR R ) A2 N 1) ) —
ANGEHY), Fujitazsy T LR 20 SRR Rl 1) 5
ANARFREO R AR A T R B A AT O P A B R
PR AN fit R A5 B 5 (1) A 6 R (MR S . ik
Ak, 0~ 6km I FL X)L 18 L 20m/s, AR )ZE K D) AR
RAEA RN o JF AR T 8 A4 X R
FEA A, AE A B G SR HE T A B AR )
WRIFIE 2 A A B B X iR, A

Advances in Meteorological Science and Technology S&ElH#E 1(3) - 2011



FIFF240 UL L5 e 36 7= A (1045 ) PR 885 2% 3 21 A 2
(0~ 1km) T B KA FUR G THERSE e 2,

2R F AR TR g, wLGE
R A e R BEAT BT, Giit R, KA R
20% 7547 TP ERE NS P2 AR A . T LA LA 2 0 )
5 SRR A R AT A AR, G BRI AR R 2 KK
T, REAEAT40%, (HIRHRFN B HROE 2 Ak 2. 2002
25 H27 Hisg bt — AN Ak R A Bl — ANt p <
JiE, AP T HERMKUKE, %A EREN W
200347 A8 H i b Z 4" 200547 H30H
R BER A T AP IR120074E7 113 H 2 BOR K AT 95
e IS 58 B A e B AT i AE, AN R IR B
o2 77 A (1 ) g I TR £ 3R AN v 2y 5l A 843 Bk, 40
OIBRRIO 34 oA AT I RE B K 55— AN ) S AR A
B AETVS™ AN B A et BN 1)
SREVAE, R4 A R RN AR R BNG R E
T IE AL A 5 [ AR K A e o) AERY R — A
HRAURE RO TR AN RS R AE . AN TS A e
JE AT A S R A R ST RLR AT e . K2 HUWF2
DN LY o2 58 H RN e

E [ e E A RNy e Rt e o ey NG B R 1 -
AR A DIAR LR 2 BT X 5 D)2 2k b sE A7 A
(RS0 B RO T A N, T e i B A, S B
BERE PRI e o BB AR 6 B ie G
HRRAMANE) — R RAIL RN, FILT
AN BELESOkm LLANRIN B o 2 X P g e 26 iy sk
IRFE, BT LK PRORAS 1) TOUEAH >4 R A
5*mxnm IR RN S RE

X BT IR KGR IRER T 4 LM B 2 R,
FE AR R E R OUR AT . Heh, PR
BRI R E RN . N R R A b
T A2 18m/s LA HR O — i R Ui . R sk
W IR B P B . SR e R R AR K
VRSN Takm, B ROBE /N T 1020800 R 54
% N AR KO R I dkm, BRI 105>
BRI 2, AR N B . R R T S EUR
KA REIAE, X KA € IMR K. % R
FEUL O FVI A S R AU I . N g
LI i 22 3 8 R0 57 3505040 # R 4% 1) 3ok J3 I 9E 4711
W, R PR T RE B A 60km BL Y X, S HLOMARE
BIOFREL. AERIERI LR S B, TR
K2 HREUAFEANITR, LA S Wik BT
M N R R RS, WL, Bk
B, o AR &mﬁﬁ%%%Tﬁﬁ,Lﬁwﬁﬁ
YU, R o BRI A K A T A T S iR Aok

Review # (#

Wi . W FREE R ERZA TR, M
I EARME—— YU, AT AZERR O R K. B
TN ERRA LSS, TR KGR T BL il 2 AT 2 R

WA TE— RV o SO ATV B R = A, 7RIk
] DL SR R N BRI IMARE AR A B
I, R R RO — R R A, T4 SR )
TN IS S I A i o o P e = S TN R
EE I T T ST W T ke S . 2 ot S 1 B R S W e N S S|
IRBE S T R 2 AT AR T2 BL & 500hPall ok
AR LR E A KB,

TEEH MYV SG PR EE T, ol B ad i ik
AR A, Roberts S5 P IHERFSY T 314N R A AE S H
ColoradoH [ i Rkt AU ™= A2 (R0 T i R S L AR Y.
PIRER T, I B ) S S 26 DR A% [ I Bl 7 2 =
i — @b (2~6km) 523 Ji R AS W7 384 Jn 1) 422
MR A R F B N BRI TR R A5 R P

7 AT 2 RV e N JRERE 11, AT LR N e i
R, TIRIEATAS R S 0~1043%1. 52 F|Roberts il
Wilsonf¥)Je &, EiltsZ M T 3N TAE . AR I
T KkHAEFEFlorida, Oklahoma, Arizonafl!Colorado
MR B, 1520k & VK S Roberts Al
Wilson &I X ELFIE A O— ANk T
R R 1 @it HIRE W EdRG (2~6km
AGL) 5 G774 Nl LI SR R AR AT TR A
PRAE LI AR B SRR T ) e LT — R f
B, HEHM A @1 ZTEE:; ©mEH XTI
R ARATTARYE IR RIUTTF R T — AR KE M R
FWMPIRABEM VL (DDPDA) , ZH LI M AZE
WEE, mTRLEIRE T 6 7 B T T IR A TR .

fErh AL, B RIS, Nl R e W
RRAT H BRAEAT AT A (R0 i A v, (H B 280 R
T8 G PR ERIR [R5 B B T IRl i Tt s B 3, 3
o SR L. SR S R Rl W E 6 R, Sk

E6 ARMSHER""

Advances in Meteorological Science and Technology S&&HE#E 1(3) - 2011

37



38|

RELEE A

dvances in Met S&T
AR SO 3R R e o RGN v [ SO R R 1
SR, RO ETR R, RO A [T T
LR RS AT N IR S E i 0K (= SR Nz S P R e R
W1 55 [B1BH E AR T2 il R . R
WL RO MU A 2yt ILAE S5 R IRl i TR (it )
BT, et H B S R M L. B
[T T AR K, /N B10km A Ay, REBHH T
Ko RIS B ol o] DAL B /N S5 TR Bl B T
K6 57 1 LY 55 TR [R1 e Ak, 3 A R AR I
JIACIV, &= R NN 8% NIt RS PIA R V3112 RIS 3 DI
TEmlE M, TR, AR IR A G e
TRt S T W L= T N WS AW S URE I ARV & S IS
—L8, RN HARSIHARINE .

WEL 2™ AL T o BV R R R XU 5 — AN LY
SERXTI ARG, W LT, 5 B Ie] e 2 W i O 1)
—Bo BMEANHIL SRS, Madeth ] DL R i
TECEE MR Mo T 4 B — N R XU A2 1) 2 B2
FRAE S P 242 R A MARCE” Y, ek i 3 —
5ER [ BRIV [/ 2 ~ Sk 2 [] v BB B Sk AR 48 1) 3
FERRGATAE, WHZBOGZ T LN 7 B e WK
K ATREVEIR Ko 534t miRaZk i) 25— BoAT i = Uiefr
15, WRZBRTHARAR AT e ™ AR 7 K
3.6 XtMEFAEIERN S E

P AR TP T R 4 A, R 1 )
SATRK ST N 454 o /K ST 17 S e S — X A
P R vt T L B K B, XA A A B I ) A
WA AR o AU TT I A PR L X IR . 5 KIK
B S AV IR AN], 6] i 2 W 78 2 5 ) R
ik FIFA LRI YR IRAE. Soh, XRBEWAZ —
ANWEIS R A, 7 B BN TR) ) SR AR o K VL B R A
CROR IR R SR SR AN ) R R R ITR
/I T RIS PR R O B R 1 RN R A, T el
BFFEEIN AR IR Z AT K. — PG Dl 5 [m

Mean wind, Vi,

System Motion, C; Cell Motion, C.

Propagation, P
E7 ¢ p REMMRAASEERHBHREETHRE

FERGERREREFEHRA (V,) BFRRECHHT
MR ERE— MR ER = LR S ERE, ZFC,"

RIA K, (HJL P A S, 1 pl LA i i X 2%
o 8 S (R4S i 1) B DRI AR 22 195 400 T 2 R T 7 R A1
FhREA B A e IR B R 2 2 Y RS B A R ST R
5 TR AR AR R i AN BB A A 1 [
WAL 1k 55 18 )5 ) JUFAH RO R/ESE (7D, A4S
Y bk 3 SR B R R RIS B S P A
T ST % [R]  A 3R O i R R IR R R R
] Z2 1L 90°, MIFRZ T B RGN G MR B RS, BN
FRNHI AR RS, JFIERR R AR = RN, K
I, 6 R A O [l AL R R A S s AR
BT B W IR PR o 5 Ah— = 2 i ) i Y
UL TR “PNABN” o — 5P N It R i 1)
B gl J7 I S E M — 80 AR AT AR A DRy
ST RN R AR B, BDITIE T “ A
YN, FEONATEAS BB

T B R RIS, A —Fh s B KRR R
e, WER RO, LR R R TN R
REAIE 2 AE I I 2 B i b TR B8 6, SO
AR, 45dBzf [l A 20 AR SR IF Y 3, REEE)
ANEFAEAE P DA S BRG0P AR
WA MET R /K R G X N 4R 8 T 1X 2K m BE
IKBCRIIRTR R GE, IX IS R G814 I i) 4 gl vl LA
PR

A T3 v B A R AR I AT KT H B
B4t OBZE KA REE R @ THEE
SimERCEZ MMEERK. 5 Ed “HarBroK
7 X R G X RS S AT R e, Moo
(A3 ] DAY S B B, PO B, FRK
RIS, AE B VKR 11 ] I A3 ZR 4t v] A= A 4R K K TR
o, A HEFS I T b st T DL AR R, L2
BB R G BN AR IR T “ s Bk 8 X
R

KI845 H: 1200548 H6 H 2295 & WG ki f5 1370243
CAERTI D WL T 3 SAETIA 10,540 £ S S e R -+~ il
AT B bR 2 B I LT, 40dBz L F R i Rl ik
A Fokm LT o AR OK IR N 5 R 271 25 R i
I AFR LI [, 2295 & KU — 2% W8 ie RN 5 76 T 3 b
X =4 T 650mmif it FEM . 945 H T 20074F7 H
18 H 171533 5 B SATE 150, 540 £ S5 S 2 DA -7 A 1
BT R 2 BT T T 1T B R T OB IX 17 20—
18: 20M 1/ BB oA 15 1mm. HFRI20074E7 H 18
H 14 R S 7= Y% SRR S T4 AN i 2 h R R
B, OCEM m w5 7km, BRIGAER A AT <3y
Bk I 7 (R . B9 o B TR 5 45dBzBh L 15
S R AR R AE i DA B, BT I ) AR

Advances in Meteorological Science and Technology S&EH#E 1(3) - 2011



KA, RAIR R KRR R, 3 B0 ) R
5o SRV SR BUEGE R 1 DR A /NI, 82
TERSCT RN T ARk, P EGBANSET .

,,,,

B9 2007478 18E| 17H=1539A§i30.5°1q1ﬁ aqz
EFfaE iR ERNERSE

3.7 B MAKERIRFNHEMNE X

IR SRR AR TR A R A A U k v] DL
BT AR R SR T A — g RE R B S sEs oR<U H
IR0 A BN = SRR — AR A A X
TG RAEH IR F LR R —. B AR
A BT L R RO L &R 4 26 D — AR AU
WSR-88D 1 SLVE I Hy 5 ][] 5 5 X4 S 56 3 NSSL
TF R I o 5 S HF R WDSS  (Warning Decision
Support System) ®%, A7 VF 2 5 AL [F]
(¥ (SEBr - WSR-88D vk i K £ Hth /& tHNSSLIF
R o Forb i FER 0 B e KR B TR ) 5 R R
IESCIT, iZ SR R BRI AR, ATy i
i 22 1N ST RE R — MA IO B H AT AL &
FIAR /NI RERR 1S 3Bh 1 47 i, e JE R
TEAL X AR ) B ARFRAE 75 SRR R B R Bk
(P, WSR-88DH LI — 4 ik A = A 0K
L € I 1ot o R € 11 L SR W =i ) o -
FERFAE o F R SVL IR A VAD KSR LR S5 R0 B /K B
o A, AT SRR E VAR, S RS
RS B2 HE RN ER S B, 5 SRR
ARG RS R I K= BRAKS
AR e B EARER R BRI AR R, K2 HoK
PR ILEOMH (4km X 4km) , B AMNELTIE & AT
PHESHRA AR R 22 o A SO 3R DR - tH A A0
FA R IR RO 2 81 o AE— oK I b, nl LA o E

Advances in Meteorological Science and Technology S&&HE#E 1(3) - 2011 | 39

Review # (#

Fpegh (lkm X Tkm) , {EEE 3T 5 00 9% 2 6 Ho B
B T4 . VADRUEEER BIEAE B Ok 8 100 1 X 75 B
ARG G AT LA A v 5 1) 23 3 2 1 P T S ) e A I
A ERERZE, E T e IR RS AT A . BROK
SEVETT LLZE 25 /NI RIS /N ISR 4 — S 2km X 19Ff)
& L BB E. LIRWSR-88DIN L4
Fif 2 3% [ () CINRAD-SA B B — AR R A FH IR M Ik 2
oy IF H IR SRR IE R A A 2 AR R —
RRAFE Y.

AR 26 E R AR geit, MU RN 5 BR R
YESCITANMEES, 15, 30, 45F160% 5 (1) T B ik 1%
TR R 22 S22, 5, 10, 15M123km. 78 3% [H 1) B
M, BEEHREHLEARENSE . BmIKER
ML R LL30% BL EMER S dr b, AR 4 55 5]
KR PG TE 2 54 N 1 iy w23 80 R 42 26 43 3] oy
70%F149% CXEMWAE, FHIME, HIL100XK5RIK
BLAFVE AT LAy 709K, 1M B S U IR 100 K 5%
UK, F49E TR, AHN I SRR 45
B CRITSVESr) M42% . AEFREZREHX 1l E 5
T, _IRSRUKE IR VR 2 U IR, AN
REMIRIN 2 — R EFWN0CER B FEUKELL Nk
SRR R N B R LS. R SR, b
KUK B K B RAERPG T 0°C AT —20°C 45
LM, BN IS R M. SATHIAM
WA SV AE 148km BT RIS AR Ik 4% ) 3 55 1) ¢
PRI B 25 BRI ) Fh T3 5 5 1) B 2 T 3 5 i 5
LR ASE R A R . 5 B R R R e S
Hh R A R A B S 5 [ R AR 4 T R TR B 3 W
AT, IS B A I RS 45 TVS
SERAITVS I B 1052 35 Bh T 03 I nl fe ok A4 e
b e, PR A R ORI, AT AR B
T AR BERAE I A BRI TVS IR . 7F
Bk AT ST, BRINIZ-RE R (Z=300R") HJ
KEGE AT KR ROR K (Bl iR 2 1) 8 2
ARG , MAES TR BB “ P BFK AL X}
MAEG.

4 B&E5E

ASCA T RFAER 7 I TR B YU AN
T FAR UL L R W o LT 4 R 98 X A
TR B AR R 5 R0 B R AR S o A S (A S
K R, AR B0 KR 1 R, R
VT R R A Ry AR AT B R . BT T 5T
?%E)%[M) 23, 24, 30, 31, 34, 38, 42], ﬁﬁq%%%jﬁ@i&
AR5 5% B ) T AR IR AE 2 AU UL PR . B3k
UM B0 KB PR B A AE B B 2 58 43d T I



40 |

j\iﬁﬁs in Me‘t S&T

T LR 2, PR AR TR Ak (R AR RE A% 1
FiFE AR TR KT X T2 ) T A2 e TS0 %o ) 3 P B 5 R
RAEHARGAETE R T EFHEE, 2500128
FIH/IN IS I H A AT IR IR R X O
BT RO IIE R . HUA 0 IR B4 F 78 2 B R 1K L Atk
b, B IE B ISR, A ] RE R
IR

PR R TAFE KVKE . s 3 AR,

AR T RIKE PG 2 & —10°C R —30°C 2 [
(R0 AT R e R, BB THI ATS00hPa 2 [8] (1) 3 1R
VIR K, 002 BE By M i s A KK B HIA
(A REAE A S0dBz ) [Pl 4 e 2 — 20°C A il 28 =i ) 2
by IR ORIl R, DL AT g T X A

BRI FF22% LA L s 046 7 26 IR IR B 4 A AR )2
(O~ Tkmz2 [A]) 5 Z4 (1) 30 15 XD AR RO (1) 46 T 45
(e P o e A PO (%) )90 s ) U v =T AT B T
R A O I A R R AE o

FRF 5 F A TR PR BE 4 A e 0 2
o2 A AR B S A BL & 500hPall R
AT PR BLCR LU . ol I I [ 7 kA
R SRR PR A% O AN IR B A1 B 2 JEC AL % i
A ERRS . BN IE N SR el TR WO R AR
=5 TR 38 TO0 e R R 2 AR R R R B i, DA B Rk
TR B R AR RS (MARC) [RIER 45

LA WY D B e T it ) T e R A K T
] o A1 LE T L 25 R D ) T 70 S AR A 2 s S 3 PR 7
S T T e R B [P 30 30 B0 10 7 3 ) D i [ e 7 L Ak
RURT BERFEL IR ) o AR5 )3 IR 6 iy AR K e I
BRI, X Pk R G R N 5 AT LAE 307 B )
P SR R o AR RS AR R b BORUBE T AL Y
1, XS ) T e T ) 3 e ) B B e e AT
FITZW 4

H AT RE S 77 ZEA — e g iR A H
BIEH MWL, KUK I BRI S s a i K<
NG R AEAE S G0 i B RIERAR N, S RS
BN e H b B S WA R e il %
Ko FRATTNS T b3 B X JAE T AR PR ARG 56 0 200 B 5 N
TE 58 FCPELN (PRI H 3 1 iz 1

Ty AT R i R R A, NI R A A
7 b SR TR DR AN R, Bk TR O R
LIS AN BT 2, BRI R S TR A T 2 B
Tb FRUHR B3 ) 32U AT R W S O A e TR
AH 2 R B B P 2 58 AN A Y

o Jr o U R () 7 s B o T R A
7 T AR 4077 i, FLAR™ S LR 2.

34k, T AT S SR 3R SR A
T AR TSR T 1A T e LA R A B R A
A R B b

R2 BUHENTRIIR

R HE RS kA SR
AT HE T R 19 gg };‘5_‘6’2'149’_53‘5' 43,60, 1°% 1km
SRR R 20 05 1°% 2km
Gl v 27 g:;: };15.‘6,2‘;19’.53‘5‘ 43, 6.0, 19 1km
FEI S EE \Y 26 0.5 1°x 0.5km
BRI SRM 56 oo |5 2 30 43, 60 1o 1km
HE SRR T CR 37 1kmx 1km

— (b2 ”/Q‘l'ﬂA~’=' 1 "‘UL\‘
)??R}é\%ﬁ* LRM 65 E%Qii?iﬁgg&gg TLT%EEE 4kmx 4km
E3kmiE SRR RKE 1 X4

THRABAKE  VIL 57 4kmx 4km
R 125 S STI 58
VRE R HI 59
HAE M 60
T A ERHE TVS 61
TR R REZE VWP 48 0.3km
VN BT OHP 78 1°x 2km
3/ B B THP 79 1o% 2km
S 30Hk

[1] Browning K A. The structure and mechanisms of hailstorms. Amer
Met Soc Monograph, 1978, 38.

[2] Byers H R, Braham R R. The thunderstorms. US Govt Printing
Oftice, Washington, DC, 1949, 287.

[3] Marwitz ] D. The structure and motion of severe hailstorms. ] Appl
Met, 1973, 11: 166-201.

[4] Chisholm A ]. Radar case studies and airflow models, Albert
hailstorms, Meteor Monogr, No. 36, 1972, Amer Met Soc, 1-36.

[5] Doswell C A III, Burgess D W. Tornadoes and tornadic storms: A
review of conceptual models. The Tornado: Its Structure, Dynamics,
Prediction, and Hazards (Church C, et al, eds), Geophys Monogr
79,1993, AGU, 161-172.

[6] Muller A R.The operational recognition of supercell thunderstorm
environments and storm structures. Wea Forecasting, 1994, 9: 327-
347.

[7] Wilson J W, Schreiber W E. Initiation of convective storms by
radar-observed boundary layer convergent lines. Mon Wea Reyv,
1986, 114: 2516-2536.

[8] Wilson ] W, Muller C K. Nowcasts of thunderstorm initiation and
evolution. Wea Forecasting, 1993, 8: 113-131.

[9] Muller C K. NCAR Auto-Nowcast System. Wea Forecasting,
2003,18: 545-561.

[10] Wilson ] W, Weckwerth T M, Vivikanandan ], et al. Boundary
Clear-Air Radar Echoes: Origin of Echoes and Accuracy of
Derived Winds. ] Atmos Oceanic Technol, 1995, 11: 1184-1206.

(1] A N b, $h A3, feitm, . LB RAELRE S VAN A,
Jewt: & & A, 2006, 314

[12] Fujita T T. Mesoanalysis of the Illinois tornadoes of 9 April 1953. ]
Meteor, 1958, 15: 288-296.

[13] Brooks E M. The tornado cyclone. Weatherwise, 1949, 2: 32-33.

[14] Ap4Riz, A/, 7 b, %, — R BRBERNEN ZEHRAEL
WL AHF. B & 4, 2004, 62: 317-328.

[15] Weisman M L, Klemp J B. The structure and classification of
numerical simulated convective storms in directionally varying
wind shears. Mon Wea Rev, 1984, 112: 2479-2498.

[16] Witt A. An enhanced hail detection algorithm for the WSR-88D.
Wea Forecasting, 1998, 13: 286-303.

[17] Lemon L R. New severe thunderstorm radar identification
techniques and warning criteria: A preliminary report. NOAA
Tech. Memo, 1980, NWS-NSSFC1, 60. [NTIS No. PB-273049].

[18] Amburn S A, Wolf P L. VIL Density as a Hail Indicator. Wea
Forecasting, 1997, 12: 473-478.

Advances in Meteorological Science and Technology S&ElH#E 1(3) - 2011



[19] Witt A, Nelson S. The relationship between upper-level divergent
outflow magnitude as measured by Doppler radar and hailstorm
intensity. Preprints, 22" Radar Meteorology Conf. AMS, Boston,
1984, 108-111.

[20] Zrnic D S. Three-body scattering produces precipitation signature
of special diagnostic value. Radio Sci, 1987, 22: 76-86.

[21] Wilson ] W, Reum D. The flare echo: Reflectivity and velocity
signature. ] Atmos Oceanic Techno, 1988, 5: 197-205.

[22] Lemon L R. The radar "Three-Body Scatter Spike": An
Operational Large-Hail Signature. Wea Forecasting, 1998, 13:
327-340.

(23] BEEF, i/, SR, — KRB R R FINENGIN S EH KA
TR TR AT B A & F AR, 2003, 14: 656-662.

[24] BEF, fr/N i, MM, & FAZHRBA HSBAETE. BR
24,2007, 26: 812-820.

[25] Fujita T T. Tornadoes and downbursts in the context of generalized
planetary scales. ] Atmos Sci, 1981, 38: 1511-1534.

[26] Fujita T T. Proposed mechanism of tornado formation from
rotating thunderstorms. Preprints, Eighth Conf. on Severe Local
Storms, Denver, CO, Amer Meteor Soc, 1973, 191-196.

[27] Markowski P M. Direct surface thermodynamic observations
within the Rear-Flank Downdrafts of nontornadic and tornadic
supercells. Mon Wea Rev, 2002, 130: 1692-1721.

[28] Evans J S, Doswell C A. Investigating derecho and supercell
proximity sounding. Preprints, 217 Conf. on Severe Local Storms,
2002, Amer Meteo Soc, San Antonio, TX, 635-638.

[29] Brooks H E, Craven J P. Database proximity soundings for
significant severe thunderstorms, 1957-1993. Preprints, 21* Conf.
on Severe Local Storms, 2002, Amer Meteo Soc, San Antonio, TX,
639-642.

[30] A/, AOiRiR, KER, % —RBALEWHH S EHRATHL
DM R A £, 2006,25:914-924.

Review # (#

(311 A/, A hde, B 57,%. — R MR ZUE S0 BRI KRR
R K. K AFEHE, 2008, 32(3): 508-522.

[32] Wilson J W. Tornadogenesis by nonprecipitation induced wind
shear lines. Mon Wea Rev, 1986, 114: 270-284.

[33] Fujita T T. Manual of downburst identification for Project
NIMROD. SMRP Research Paper 156, University of Chicago,
1978, 104.

[34] @/, WER, WIRIE, . — KA THERRFHN S LHR
B E R N F A & AR, 2006, 17: 385-393.

[35] Roberts R D, Wilson ] W. A proposed microburst nowcasting
procedure using single-Doppler radar. ] Appl Meteor, 1989, 28:
285-303.

[36] Eilts M D. Severe weather warning decision support system.
Preprints, 18th Conf. on Severe Local Storms, San Francisco, CA,
Amer Meteor Soc, 1996, 536-540.

[37] Schmocker G K. Forecasting the initial onset of damaging
downburst winds associated with a mesoscale convective system
(MCS) using the midaltitude radial convergence (MARC)
signature. Preprints, 15* Conf. on Weather Analysis and
forecasting, Norfolk, VA, Amer Meteor Soc, 1996, 306-311.

[38] Bt &, wr /MR, KXE, % —RAEBREAA B S EHRLFL
TR B R A4, 2008,27: 373-381.

[39] Johnson J T. The storm cell identification and tracking algorithm:
an enhanced WSR-88D Algorithm. Wea Forecasting, 1998, 13:
263-276.

[40] Stumpf G J. The National Severe Storms Laboratory mesocyclone
detection algorithm. for the WSR-88D. Wea Forecasting, 1998, 13:
304-326.

[41] Mitchell E D. The National Severe Storms Laboratory tornado
detection algorithm. Wea Forecasting, 1998, 13: 352-366.

[42] BLE57, v/, EANET, % T 5 H 3R A E A AR v A
REAR R, B 7 AR F AR, 2007, 30(4): 433-443.

/ C HRE ED

Essential Science Indicators (ESI) HJJEAR}
ARPR A A, 2 R A AL R R L
P 3 [ R A5 BT (ISD #E H (3£ T 1ST Web of
Science JT SR I 2% A SCHR S 5| )2 2% S0k T
NI E TR . ESTNS] SCoHT IR 4 B
XF110004% F 1 1100042 J7 5 1) SCHR Eis 7522
A FRVEAT 08T, AR R ELL 10 DL B St
I BN BRI SO, el g [ AR AE AT N 2
BERFE D HEBTERT 1% M8 3, B8 “mpisle
” (Highly Cited Papers) , Z#nspmi ™~ H 6
— R WXL LH S S F R R R, BAR
KM ST IR 3C, 325 1 1K 698 S0 ] A3 I Hb 1 i
FERERAA KR BT m U . [
I, S0 T IX Be 28 i SO AR AR PR AN BB I TR |
MK R m, BIARER T IR H a5 2R = 5
KV B BB DT R 18 30, B LA “ PRI S
WX (Fast Breaking Papers) , XZRig W nlffif}
TN D3 R VIR %2 22 BHRF 22 0 R 5 v 3 S 52 0%

N

ESIHyZ=4uE “ IR SRR I3

~

FERIE ST 25
PLRZH20114E4 F . 6 71 I8 F =/ 5387 &
e M2 AU e 52 Wi H ) PRI SRR S HIAH
FeA5 B

2011448 . Review of the formulation
of present-generation stratospheric chemistry-
climate models and associated external forcings.
Morgenstern O, Giorgetta M A, et al. Jorunal of
Geophysical Research-Atmosphere, 2010, 115(2).

201146 H: Tropical cyclones and climate
change. Knutson T R, McBride J L, et al. Nature
Geoscience, 2010, 3(3).

201148H: Black soot and the survival of
Tibetan glaciers. Xu BQ, Cao J, et al. Proceedings
of the National Academy of Sciences of the United
States of America, 2009, 106 (52).

PR

Advances in Meteorological Science and Technology S&&HE#E 1(3) - 2011

41





