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Abstract. Effective and smooth transitions from research and development to operational implementation
play important parts in promoting the development of meteorological enterprise. Since 2000, the National
Oceanic and Atmospheric Administration (NOAA) of the United States of America has begun to organize
several test beds to implement the transitions from research and development to operations, and the test
beds have become an integral part of the weather enterprise, bridging research and forecast services. This
paper briefly introduces an overview of the different test beds of NOAA and their main achievements, and
highlights organization and Spring Experiment of the HWT (Hazadous Weather Testbed). By forecasting
experiments in severe convective weather, quantitative precipitation forecast, hurricanes, and aviation
weather, we can see that developing the probabilistic forecast products of different types of severe convec-

tive weather, quantitative precipitation forecast, and the tropical storm force winds is an important
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development goal of the U. S. weather service. The Spring Experiment of HWT showed that high-resolu-

tion “convection allowing” numerical weather prediction (NWP) models [ hereafter convection-allowing

models (CAMs) ] are the technical foundation for developing fine probabilistic forecasting operation, and

the development of CAMs and data assimilation, testing and application of CAMs forecasts can provide ob-

jective technical support for probabilistic forecasts of severe convective weather and quantitative precipitati-

on. The achievements and organization of GOES-R (Geostationary Operational Environmental Satellite -R

series) Proving Ground can also provide a reference for the application of FY-4 (Fengyun-4) satellite data.

Key words: transitions from research to operations, test beds, probabilistic forecasting spring experiment,

“convection-allowing”, numerical models, ensemble
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Fig. 1 Conceptual schematic of the testbed
process for a hypothetical project, tool, or
concept—including innovation, demonstration,
evaluation, and., where suitable, a transition

to operations (from Ralph et al, 2013)

5T M # Ak 3 4 (Short-Term Prediction Research
and Transition, SPoRT), (6) Ff & i & F & # L
(Developmental Testbed Center, DTC) , (7) S &R
B (Climate Testbed, CTB), (8) GOES-R T
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SR FH (Aviation Weather Testbed, AWT),
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1.3 DEHABERHLEKEHD

JCSDA # 57 F 2001 48, F 24 /E k£ &
NASA . NOAA Fl DoD, F AT & & gk fm e T
FEORE KA VTR S R 3R 85 45 4508 B0 o A



B 26 EH NOAA IR & Tl 35 Z= 14 32 06 4 22 601

il T I T
10 20 30 40 50 60 70 80 90

K 2 NHC 201049 H 1 H 2100 UTC k1
B9 H 1H 1400 UTC 3 9 H 6 H 1400 UTC
1 43 b Ay 2 o ARG (270 39 mph 5%
63kmeh ', K 17. 4 m s DR
CH A LA = AR R Earl (g 2 I8
FEGSAD A4 X2 FionaChuo g i T
WL B AR LUK KB Gaston (10
FE U Al R ) B b X 22 3 T 1Y
%% ;B H Rappaport 2£(2012) ]
Fig. 2 Wind speed probabilities for 1 min tropical
storm force winds (at least 39 mph/63 km « h™!)
issued by NHC at 2100 UTC 1 September 2010
for the combined forecasts of Hurricane Earl
(centered initially just east of the Bahamas),
Tropical Storm Fiona (centered initially northeast
of Puerto Rico), and Tropical Storm Gaston
(centered initially off the edge of the figure
between Africa and the Caribbean)
(from Rappaport et al, 2012)
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(Geostationary Lightning Mapper, #iER# 1F T2
PN R S 524300 S TA) F B8R i A B AWIPS-TT R 581
SN A B TR TLTT, 453 2 #i 4Rk 51 A BRAR S 5t
(2013 SPoRT Annual Report,2013),

A KA IR g R AR — 8.
HWT %5 — % 21X 5 T 20004F 7 2= 52 » 4 4F 11

K3 20134 7 J] 12 H & E NCEP KA 0 2 B A A A 56 7™ b
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(LA http://www. wpc. ncep. noaa. gov/hmt/FFalR_2013_final_report. pdf)
Fig. 3 Displaying (a) the 12 h probability of QPF>1 in (1 in=25.4 mm) forecast,
(b) the 6 h probability forecast of flash flooding

(from http://www. wpc. ncep. noaa. gov/hmt/FFalR_2013_final_report., pdf)
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HMT HFIT I KU 2 28 34D A A 36 [ 4 it
FERCR )l 55 56 AL

1.7 S&EAELFE

CTB th NCEP F M i1 %1 9528 %= (CPO) 3 [7]
7 F 2004 4, i NCEP A i 11 4l o0 £ 52
CTB 1 32 BT 55 & -ty o 20 2 45 ele kL 245 2
AR TR T HL B S AL 2R 4 45 Ty T B Y
HEJE R ] NOAA S B dol 55 4. CTB #2445
fEERIF 5T N B3 RE 8% 1 ) 19 ol 55 5 2 F0000 1 L A 4
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(a) ffi il GOES-14 3 47 4 KR A8 B Ry DX 114 [N B 5 6 3R e L1 GOES-R &5 7™ i R B, 7™ (L5 I8 5 T8 48 XL
LA L) B SR AL B s 2% H 7 FL G s FN i KL% 22 R A 56 &R (B H http: //www. goes-r. gov/ users/ proving-ground. html) ,
Ch) AT 0L iy b R 11 T2 N v S 67 AR A5 (19 DR L %5 B2 (UEL Ralph et al, 2013) . (o iat#) A4 (CD S i th my 1) 7 B T
2007 4F 6 J1 8 H 5 4r4h A1 FF i) Meteosat-8 SEVIRT 4 . b 75 WO i 5 /2 ZE A 1(1024 UTC) , Ao 1] 199 i 15145042 Bk 7]
2(1029 UTC) ; THES i1y 1 HE G b, Z2 MR 10,7 o 58 T8 UG A7 0 TR BT R 9 X0 4 5 d5c T 07 — HEA M 45O 00
1029 UTC i th 9 CLRGIE 4 L 26 M 452 1124 UTC AWM £ 40 4% (BUE http: // www. goes-r. gov/ products/opt2-
convective-initiation, html) , ()] MODIS 10. 7 pum BAZB I ABL S0 A 3 A0 19 58 < V7 I/ b b 2= T 5 b b s T
B A5 (R 7R _E bz TAE A A 7 % B Z 7 o PR30 B 15 5 - V7 B i |l 2 (. 555 /0K
(BUH http://www. goes-r. gov/products/opt2-enhanced-V. html)
Fig. 4 Prototype products from GOES-R Proving Ground

(a) By combining special GOES-14 Super Rapid Scan imagery with the Washington, DC Lightning Mapping Array
(DCLMA) as proxy for the GOES-R Advanced Baseline Imager (ABD) and Geostationary Lightning Mapper (GLLM)
respectively. The tracks and locations of a tornado (red lines) are overlaid to highlight the important relationship between

lightning activity and severe storms (from http://www. goes-r. gov/ users/proving-ground. html) ; (b) Pseudo Geostationary

Lightning Mapper lightning density (from Ralph et al, 2013); (¢) CI algorithm output examples from 5 min Meteosat-8
SEVIRI data from 8 June 2007. The top two images are at time 1 (1024 UTC), the middle two images are time
2 (1029 UTC). For the top two rows., the left side is the 10. 7 ym micron channel image and the images on the right are the

defined objects. The bottom row on the right is algorithm output valid at 1029 UTC and the bottom image on the left is

the actual IR image in the future at 1124 UTC (from http://www. goes-r. gov/products/opt2-convective-initiation. html) ;

(d) Example of the enhanced “V”/overshooting top product as generated by the ABI enhanced “V”/overshooting

top algorithm using MODIS 10. 7 pm imagery. Overshooting top locations are indicated by blue symbols (only

OTs with thermal couplets are shown). Enhanced-V detections are indicated by green symbols

(from http://www. goes-r. gov/products/opt2-enhanced-V. html)
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X KA CCFP B 28 06 8 HY ME 257 30 48 7= o 1

Tk, AWC IR & A — A4 CCEP 47 & 7™ i o B
kg FE AR IR AR P (CECEP) L 81 % 72 h AW
(9 790 41, {85 4 b o [6] CCEP 3 A 58 4 — B
CCFP Bl 4 J& 4 & S it 28 K 7 i 40 dBz,
111 35 T 125 8 3 25000 f£(7620 m) MSL ) 25 % #f
R, 43 R = AR S 2500 ~ 390,400 ~
74%.75% ~100% ., ECFP fy Wi4Rk xf £ [7] CCFP,
RTHi 1) ME 22 A5 Gl 4000 ~5920.60% ~T79%
80% ~100% (HBL B http: // aviationweather. gov/
products /),

V’)H X 3. k"liﬁ!?v" iy

K5 Ca) ™ty B3 4l ™ b LM E Ralph %8 (2013) J;
(b) CCFP iR 5= &
CRIVZR 3 70 K I O R 2590 ~39%6 .
SR IE KO LR 40 %0 ~T74 % 520 B 3 7T X N
BESE 7506 ~100 6 5 [&] b i 1 05 #6318 B2 25000~
29000 ft MSL #37F A 290,30000~34000 ft MSL
bR 340,35000~39000 {t MSL ki N 390, #8 1
40000 ft MSL 45 {F Jy >400)
(BUH http: // aviationweather. gov/products)

Fig.5 (a) Example of the “probability exceedance”
graphic. Contours indicate either 30% or 60%
probability of convection reaching a combined reflectivity
value of 40 dBz and a radar echo height of 37000 ft
or greater (from Ralph et al, 2013); (b) CCFP product
(dashed-line filled areas denote the probability of 25% —
39%, solid-line filled area denotes the probability of
40% —74% , solid-color filled area denotes the probability
of 75% —100% ; numbers marked in figure indicate height,
25000—29000 ft MSL marked 290, 30000— 34000 ft
MSL marked 340, 35000—39000 ft marked 390,
over 40000 ft MSL marked > 400)

(from http: // aviationweather. gov/products)
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1.10 MNURERFZFEIUREFE

OSSE J2 fg 5 £ 57 19 18 36 °F 5. 2010 452 i
NOAA/AOML fi5¢ia17. OSSE #) H AR 2 # i —
ART UM ARG BUE IR & BT IL
ANT7 TR 4R R R A R Y K i I BLIE |
WL 28 58 X6 2K M A0 T4 194 T A B2 W L Ak
A5 PEAL AU WL R e BT 14 4% BRI B s 5 JCS-
DA B33 H [5] B Ak 70 52 35080 08 I K488 19 1) 46 O 7 5
T A 130 T O 0 2R 8 1 G R g BR PR A

2 KERIARTVEHEFAR L EX
AR

2.1 HEEFHREENTAIR” A

Clark ¢ (2012b) %f 2010 ¢ HWT FH Z= i 50 it

(b) QPFHEA & 2R

78R, BT SPC/NSSL 4 S % % K5 Wi
I AM, 2010 AEFHFFKXIY KB T 405 AWC F
HPC 4505 1 i 25 R AT 4R 38 36 2 o 7K 390 4 i
5. X SEFRIRIR A0 EE H AR (D R AR
X AT A R R G TR AR 55 3 5 (2) A
BRI s (3D H FTAE 20 R G 1 34 R 4 S it
R BT & AR, 2010 4F 5 2538 50 R 7
WL 6, A5 0 G B T SR AR iR 2
J& 1R B EE THE S B Ik A B AR Ry TR IR 50

WFE R TS 7 52T SPC MR 5
B KR AT S — KX I J S 4™ (A B
(18 F ) 3 3% 23 0 ME 23 5 2 (8] 6a) o U0 & A 5 4>
4 hisf By 4R 7 S 48 B D 20000000 UTC,
0000—0400 UTCHH 2 T3 E th &8 90°W iy J5 if T
1B 45% M B B 2 /TP A 1400—1800 UTC Al
1800—2200 UTC), Fildf N 25 A T i X 45 P A — £
J&i1 25mile(1mile=1609. 344m,40km) 78 B

(c) fiias i R A T

6 HWT 2010 4% Z=i 56 & A A9 9 3 R AR R ™
Ca) T & A 1 CRPRL B A ) 9K KRR B WA . A 800 o 2010 4 5 H 24 A 2000 UTCZ 5 H 25 H
0000 UTC(#h it 2 14—18 B L 4 h, AF{H 4k W X d8k AT — & J8 321 25 mile(40 km) 35 ] P A9 K
KA ERNKBEHEHAZ= 1 in(2.54 cm) L BUEEFER =50 35(25.7 m« s D IR 5% (B o)
159 (CH#E£8) .30 % (LT ) Fil 45 %6 (5 €8) . 4R X3k N AT — 25 8134 25 mile(40 km) Y T KK HE KK
[R/NT EF 2 Bl B0, kS HA =2 in(5. 08 cm) , BUF FER =65 95 (33. 4 m » s D JERR/NT
10% o [RISUI08 0 A ¢ 3 R A3 40 A UL R R TR B A5 (L ZE B A R BID . (DR E 2010 426 H 15 H
0000 UTC 6 h RE&EAKE KT 0.5 in(12. 7 mm) QPF BB . MER (LR . 250 (R, A6,
50% CRPRE B €8) , 75 06 (- 2868 . B X R R A0 49 K F- 0.5 in(12. 7 mm) 6 h BEIE KR &

GEEM 0.5 in BHETFIE) .

(c)2010 4F 5 A 24 H 2100 UTC A R W Br i 5 41 2 F F =40 dBz #1 4 i =5

JEEME TR . MR L 25 %0 G G 1 502 (4, FP ) . H6e IX 3 JE [ B 00 0 32 £
S F P F =40 dBz KIR[HH Clark % (2012b) ]
Fig. 6 Forecast products issued in the 2010 Spring Experiment
(a) A preliminary (i. e. , issued in the morning) severe weather outlook valid for the 4-h period 2000 UTC 24 May—
0000 UTC 25 May 2010. Contours for 5% (brown), 15% (yellow), 30% (red), and 45% (purple) probabilities of
severe weather (i.e., tornadoes, hail size Z>1 in, or wind gusts =50 kt) within 25 mi of a point are shown. Hatching

marks areas with 10% or greater probability of significant severe weather (i. e. , EF 2 or greater tornadoes, hail size
=2 in, or wind gusts =65 kt) within 25 mi of a point. Locations of observed severe weather during the outlook

period are marked (see legend in top left); (b) A QPF outlook for 6 h accumulated precipitation greater than 0.5 in.
for the period ending 0000 UTC 15 June 2010. Contours for 25% (slight; white), 50% (moderate; yellow), and 75%
(high; purple) probabilities are shown. Areas where observed precipitation was greater than 0.5 in. during the outlook
period are shaded (first shading level is for 0.5 in. ); (c¢) Preliminary aviation outlook for instantaneous reflectivity not
less than 40 dBz valid 2100 UTC 24 May 2010. Contours for 25% (slight; green) and 50% (moderate; red) are
shown. Areas where observed reflectivity was not less than 40 dBz at the valid time
are shaded (from Clark et al, 2012b)
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AR HRALIEE R KE TR = 1 in, 808 K=
50 15 (25.7 m s D JMMESR  MERSFH R 43 5%,
1596, 3070 45 Y01 50 Y0 5 [l i 38 A2 35 X 3l A A — 45
Ji3 25 mile B HE KK FRILA/NT EF 2 %1y
EXGIKE HAE=2 in, 8iF P =65 15(33.4 m
s D IA/NT 1070 MEZR X I TR . 0 50 390 4 X 32
—ANR Yy 8L BE X 14° 2 i Y ] A2 Zfy X (Clark
et al, 2012b),

VEHE“AE— s 8 3 25 mile ST 3K — mO0 58 0
MRAIHRAEF EZ Ly (D R/ REER
A BEPLE 0 R A S — K B R A T fE
BRI ORT 7 AR ) B A AR 3 — 5K FEE 24 h
[EEEESEA-$uE I SRR S TRV SE IR A
R A3 B4 SR ik K O BEALPEFRAR 35 5 (2)40 km 2f
12 & SPC 284 0 4 52 B A RBE #HR 8 % J5 19 2 Y
(ERCEIER PSS E QS

E [ K WIS 7 i 1800—0000 UTC Al
0000—0600 UTC P ~HFE: 6 h EFRF & 0. 50
in(12. 7 mm) A1 1. 00 in(25. 4 mm) [ #E XK, Fik X
BRIRE R — N K2 8 Lf i X 1474 B i W A2 8 X 45
(1 6b) 150 E 5 K /K HE 238 T 40 DT b bs T 5
v 35 TR O 43 B F R 25 % .50 % FI 75 Yo M 3 3%
5 HPC Ml 55 & Ai 14 7€ P g 2 Bk 400> A 3R
ORI 58 EDE ot 2 bR T 32 9 DI fx
K6 hBFEHREMT 1,00 in(Zy 25 mm) B 5 R TR
MR S 2 B I SR AR T 2500 W AS 23 4 1
(Clark et al, 2012b),

At 23 R AT I ™ it B i DX [ Y 5 T
H R AR R 25 T AT S BT M X BE XTI 2 2100, 2300
F10100 UTC ZAN[6] 5 I 20 f) o & G SO0 B 5t 4
T =40 dBz B 3 (K] 60) MR F L EHR N
259650 %0 75 %0, 3 AR B AR L Hh R N R o AR
BT o 73 B0 B SR U KU 7E TR 151 o
FH i 4k F6 75 (Clark et al, 2012b) .

2013 A1 9 R AR I T4 ™ i ] 7E LU ™)
HEA 5 http: / hwt. nssl. noaa. gov/Spring_2013/
se2013_svrforecasts. php, X #8385 7= 5 (1 E 45 TS
PE43 ik 0. 21~0. 23,

ik A B TR 7 HfE Bh T 98 B SPCL WPC
(2013 42 3 3 5 HRETFR N HPC) . AWC H 36 7= i 1y
b %A s R . SPC T 2012 48 9 A 26 HIE
20 & A 358 7Y Hr 2 B 3 Hi 4R (Enhanced Thunder-
storm Outlook) it » £ X 1 & 7 412 X 88 9 3 B B

11 T FR A 5 0 B AT — it BT R 10 B ] A
R ARG 10% .40 %R 70 % (18] 7a)
Chttp: // www. spc. noaa. gov/products/exper/
enhtstm/), WPC HEf A 72 h W& 6 h HiL L4
RN 6 h RFFEKBER TR ™ 6 A 2 A%
SRR (B Th) 5307 i B T 2 A1 PR AR A =
1 NCEP i 0] % 4 T4t (SREF) % 56 7= i 52 P
B NCEP @Bk it &% 48 (GFS) \NCEP Jt 3¢
HRCBERE L (NAMD | WU H o Hb 39 R A3 4R 8 =X
(ECMWTF) £ (http: / www. wpc. ncep. noaa, gov/
papf/conus _ hpe _ papf. php). AWC | & fi T
CCFP #1 ECFP Hit4f = fh (|&] 5) (http: // aviation-

weather. gov/products) ,

7 (a)FE[E SPC & i (3 o iy T 2% R B TR > i (R e
http: / www. spc. noaa. gov/products/exper/enhtstm/) ;
(b)) E WPC KAl 6 h HEFEAKELL 0.5 in 142
W P 5 (BLE http: / www. wpc. ncep. noaa. gov/pqpf/
conus_hpc_pqpf. php)

Fig. 7 (a) Enhanced thunderstorm outlook issued by SPC
(from http: / www. spc. noaa. gov/products/exper/
enhtstm/); (b) probabilistic forecast products of 6 h
cumulative rainfall over 0.5 in issued by WPC (from

http: / www. wpc. ncep. noaa. gov/ pqpf/conus_hpc_pqpf. php)

22 EFERBREAESTm

WA F 3, 2010 4E 4R 0 & A BF R A
CAMs 1y 1 5% 1 42 45 R i CAPS, EMC, ESRL/
GSD.NSSL #il NCAR $2ft, il 47 [X 35 J&: #& 4~ 3¢ [
A+ BAREAERNE CAPS 42451 26 AL .
4 ke PO 4% ] B ) 2 465 20 SSEF & 45 2k 1 10 4
AL 1 km DA () B G BT X TR 77 4 (Clark et
al, 2012b), CAPS M 2007 4EFF 4k % & v R 5 (i
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U A T4k R S8 SSEF, A 2007 4 1) Jk T WREF-
ARW s 10 A4 W 51 (Kong et al, 2011). %
JEF) 2013 4F HA Z 8 2ot sh . 2 Y Bl AR
[F4E T8 I BRI 29 A T 8 51 1 — A~ LU 3l 3
o RO 4 A Wil 4R R 48 (Kong, 2013), Xue %
(2011) il Clark %5 (2012b) 43 JI %} 2010 4F & =X 56
H CAPS $2 4L (1% F & & CAMs 1 W 45 R k47 T
RGE ML, CAPS [y SSEF % 45 it & 15 1t F ¥ 4
P AT LR PR 3548 . http: // forecast. caps. ou.
edu/SpringProgramYYYY_Plan_Brief. pdf (F d1 f
YYYY fRRAEM thin 2012 46,

2013 4EF Z 80 b B CAMs REE4 NS+
SL-WRF,CAPS SSEF, SPC # i#8 ¥ X % R Bf 4 i
Tt (SSEO) CHHETHA 9 A5 R BUA 19 &
PR B A TR 25 R AT O AFWA (G2 E %
LD 4 km A WUk, 9% E A4 R (UKMET)
KT AT A A X & (Jirak et al, 2013), 2013 4F
FBEWAT LM T 18 km 4 HEFE 19 NSSL 1 RUE
4 W (NME), 2011 4F % 2 5 3 T NSSL
WRF #2034z fl CAPS SSEF 4 4 Wit & Gt i) W
R 5T R WIAE BE R TR A AT A b TR
HOR TR 1 5 2 2 50Ak o B X 9 00 A AR Y R )
(Kain et al,2013), 2013 4EH R 06 % 28 7 78 “ 4
TLAT 3 HEWRE-ARW #8221 41 o i) 49 20 752 ek
P, i, Clark 2£(2014) B 45 7 10 43k HWT 7&
WAl CAMs 5820 75 17 B 1Y) 28 36 o) 36 A5 2 900 4 25
RS AT R 6 AR S TR A5 R 2 W, B
6 S A R R ) Ak B R o R /K B0 3 5 2 N 3

FIZ I AR B U A 0 B AR A SRR 5

LLF 2£F Clark 45 (2012b) % 3CHk f 4 2010 4F
BRI — 2 N )T I B R
CAMs Pl 50 & 4R & FU4 ™ i o

B ALL 09 S5 AR D 5 3 A G 5 1 2 i R
DETC ™ i R 2ok — 5 AR 1 T 2% B s s & 3 B ST
R TR G5 A — RA% 8 40 kem Y8 BN 19
B AR TR 40 km JEBIEUE S SPC L 55 & 22
UL A TR 7 ot Y TR DX I A — 8 5 W S PR AH —
) % (Kong et al, 2011; Xue et al, 2011; Clark
et al,2012b),

B L0 o TR EMR (& 8) : | NSSL WRF
Sk 45 2R I 5 S A% A AR i T AR £ Ah i K
VR E A, R B 204 TR MR . A B
TR 5% W R ) R R B B B R R R
4. M 2012 458, CAPS SSEF #& 4t i A4 B 16 M
ol S BERLADL A T 21 4h sl o K PG IE 507 i Cht
tp: / www. caps. ou. edu/wx/hwt/), T & ik
PG Y gl 0 Tl 45 R ATl A o A T
2 0 B K5 AR IR Sl A AT ) S TR R AR
FVFE 3K S5 AR PR 1 Sl 0 G AL M 55 T v R s
WK TR G 3 A& e DL K 3 i F 40 OC i X
B, X 07 AR E I R TR B AE (5K %
&2,2014),

& Bt K3 (hourly maximum fields, HMFs) .
H T ARBURUBE /I A8 A B Y R AR G AE 8 =X i e
W, Kain 55 (2010) PAASE TR 19 45 > 0 8] 25 19 4 2
i RS 1T h IR A A A ) B

B8 (a) Bl Lr4b TR K2 . (b) M R GOES 214k T A F{%
(§L [ Clark %,2012b)

Fig. 8 (a) Model simulated infrared satellite imagery and (b) corresponding

GOES infrared satellite imagery
(from Clark et al, 2012b)
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HAH - o A B A% S PR N B i K. iX
SERIT IR E H 1E B 23k 43 B 10 min g KX
s, HEIRKM SSEF R4 6 N kig 5
2P OF i XU R R DG R B UL G e 0 R K XU
SR LA RAE : (D Ee K EFHRE s (1D 3~6 km (&
JE Z 18] B e R U0 T 3 B S 33X 5 5 6 A TR A< R
B YR OG5 D ZRAEXT W58 B A Tl B3 1 km (&
JE R i R R 6 T 5 (i) e K b TS0 30 BB e
BEL R 2 RN 5 km sy B 22 (E) o 0 R OR DL AR
R 1 R A3 o 3K AT St SRS HDURT 3t XU i o
JE s (v) Ee K LT 10 me XU, 3 FH ok 7 42 Hb 1o 5% B
A5 (o) e R 3 B A0 B CHME 2S TS K IR B PR
mm) , X 7] F F Wik K K8 (Clark et al, 2012b).
2014 4 ,NSSL #1 SPC 7£ & 2= 1050 vh il 30 1] T VK&
o 1) T i 0 P AR MR A =X TR 1 e R vk R
R = 5 (Clark et al, 2014), 75 BL48 H 1 2, & 4>
PERBUE BB B B R 2 AR #7540 i 53t W] R
SE N W T 1N & R 1/ S N0 B T (271 8
X3 LA A& 6 A g R 3 15 X KA AR 7R Fl b
1) 58 6 U Y FRAE L AS 2 56 I A AR T

FE B FEUK P . SSEF Ml SREF & 48 A4 i i
AR GRS T R IR S T ok AR f]
B iR 6 h RBRE K, DL & 6 h BB K i
0.5.1.0 1 2.0 in(4r 5k 12, 7.25. 4,50. 8 mm) Y
18 555 (oI T A% 50 WE SR TR A o5 205 3 (P A% ) ]
40 Tem 35 B 3R 4 45 L O A7 2R R i it o R OK
7= (Clark et al,2012b), Johnson % (2012) #F%%
T X T AR A TR K B A% s AR I O — A% A
JEl 1 48 km (12 A5 A% ) 2= 42 70 B i HE ) Fn
X IR ) G M 6 AR ) G B AR OE 1

LS 7 il R 25 A 2RI A PR 7 i
PESEHE BT SSEF R G0k BT 4R i R N
T 1 AR 7= i o GROMROE M R R RO T XL
M 4 AR . RO I U0 Bk 2 L i e R U
FHARAS I B S R A T 3 35 dBz i X, 4R )5 A6 A
B XA S TR R R E R IR KR
T oMK, R EEREATHRY 18 dBz
SERAFRREEMRDRIGIHAE RS E#ET
25000, 35000 F1 50000 ft (43 5K 7620, 10668 Fi
15240 m) [ 4% 5048k 28 (A W02 1108 4 — 4 X
Jilih 40 km 242 90 B A B9 #E %D (Clark et al,
2012b).,

DTC & WM IEAL 7= 5 JH MET T B4 % 5 2 ik

0 iffy s A 7 i R A TR ™ o E AT DA 5 R
i MET T 24" ) MODE(Method for Object-
based Diagnostic Evaluation, %t F X} 4 12 W F 1
) T H 78 R 3 3744 DTC d4h i 7
ETS (Equitable Threat Score B # Gilbert skill
score) PEAT Fl i 22 5 £ 5 ¥ 43 (Clark et al,2012b),

2.3 EFRRESOHERRABXARHAR

MBI T & HWT HF XK R E A
KRB R TR E NOAA NWS KRS0 % &
J (1 55 By [), G & SPCLWPC,AWC i Hil 47 Il

o 1 AT BRI X U T A T B AR L R AR B R
FRVECAEL Y04 0 FH B AR 2 M 38 T4 M 55 1) 4 AR JE it
AR HN 2 HWT 22356 40 5 14 &5 43 B 50l
F A TL A SR T AR 2 X 9 (] 7 43 S (A X
KR AT SEE . Bl BRI (2015) JEE T @& 4
PR A5 27 O I R AT rp il S5 g
fE.

2.3.1 HMEBX AR RERE

1R T R BUE R KT 2 BE R AR S 4 i/ . Xue
201 9 km.1 km.100 m.50 m A& i U &
#E ARPS B, =448 4 Al b 1 1 3k Rt 6 I
AR ) B BRI W) 4 5 BB TR T 2003 4E 5 H
8 H Mk v L 47 1D Ik R 0 B4 e A5 1 B BE | 45 A R B
7. BERZRWIESE R EAKT-2 B K 5] 100 m
14 185 43 B 2Rl 55 B TR AR =

Gao % (2013) K JE T — AL 0 KA H & M
() = 2B A8 S A3 AT 3R B8 K 2R 48 TR AL 43 B 45 2R S R
#2010 4 HWT FHZ i35 EWP 1 fi1 2 4> 58 Xf
WA A, KRR . (DR ZFHBEM
5 NCEP d 7™ fhAE B8 SORA (O AT &Y
AERACRGL LA 5 min 1 km 17K F- 43 B S0 H
Bl TEUI RN 43 A S 5 % 3 R A F 5 (3) B U
T R G5 N B 5 BR U B R AE Y i

4K 2 UEW (EnKF) 1748 431 A 7 46 2 B 3
AR (Hamill et al, 2000) f& 24 §if 0 I &5 9 o HOE &
R R A o BT 1) B R Ry 1), H R B U TR
KR, b in Wang %5 (2013) ., Schwartz 28 (2014)
. mIEL.CAPS @7 T 2 RIEIATHEA R 208 3K
AR MR A FAE R G AL 36 = 4E U 2 45 5 K 20
P RN IR A AL B R (Xue, 2014) , Ho i py 4 45 &
2 R N AR IR A AL B RS2 7E ARPS B 1
[Ffb RS0 T & M, 38 B 8 35 W 9 B 3 2 ] 7
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B 26 EH NOAA IR & Tl 35 Z= 14 32 06 4 22 609

Pt AR fE (Liu et al, 2014)

et R ADL i L T 20 S 00 %) 5 i DA T 250{E
F 2 A S 8 i R X TR 25 2R 952 i . Cintineo
45(2014) JETF 2012 4 HWT £ Zi % SSEF R4
TR B 8 A 8 GOES 214052 1 5 0 A Ee
BOETEAL 4 km PIA% [E]BE WRF £ 4 Hldlk b = 504
PRI B B R B TT 58 2 15 A RE A% HE A M A
Pz FFAE AT RE 1 5 45 2R K B Milbrandt-Yau F1 Mor-
rison I BIEAAEN LS ZHEZE = M
Thompson #l WDM6(Weather Research and Fore-
casting Model (WRF) double-moment 6-class) 4
WL R B m AR . R B AR X
HH P 3 6 2 B A T 8 AR 28 T T A RLRE o R AT 98
A BRI ENE

Sun 25 (2014 L 1 FH AR (B AR 3 HE AT X6 3L 1k
R 7K G 3 (O~ 6 b ol 412 1Y 3¢ A a3 i AR T Il 7 08 45
R SRR T TR Ok SR AR T BORER AE 4 2 IR
AA TR s NSRS | BN o G R A N A S 3 NN
EnKF [a] 4 77 35 BB BAR 25 78 8 5 I 32 Y 1 i 69 2k
BB A < X I P R AR R AR B 1 T AR A L v RUOBE L
0P £ et R ] A 5 AR R bR e B A 5 A
BIGTIE
2.3.2 @ HREFMEX T 2B AREE

Xue % (2011) 45 1 T X% F 2010 & F KK
SSEF 4 4 FU 4l 7™ i 1 78 53 46: 30 25 2R 55 2% 507
K] (rank histogram) (Hamill, 2001) ,ROC(Relative
Operation Characteristic or Receiver Operating
Characteristic, A X 45 /E FRAIE B0 52 S0 2 AF R AED
il 48 6 56 %5 ; Clark 25 (201 1) A ROC i 28 K6 36 43
Br 7 2009 4£ % 7 iR 86 SSEF £ 4 Wik (1 & H FE K
ME AR TR ™ i X T AN ] 4 45 TR0 B3 AR 25 1] )R
ORIE €5 B

Johnson ££(2011a; 2011b) F| A #5 #9] 2 45 & 1=
ORI B T — A JE T X G 2 R T R R
53 BERBE A R K 4R 25 R AT VP 53 %0 4 9k
RZ N FET IR TS $F43” (Object-based Threat
Score, OTS) ; flt i1 Al F OTS Xt 2009 4F % Z i 46
SSEF £ AR AN [F] B 53 14 [ 7K BT 73 25 R gk A
T OB, R BUER IR AN B Bl TR ] 0 B K R 1Y
S AT 3k 12h, Johnson % (2013a;2013b) 43 %1 %
2009 4F 5 Z= 1 5 SSEF 4E & Wl 4k 45 ]l 2009—
2011 4E 45 000 WRE 1 km M BEH 4 km #% #F K
T 45 2Rl T T X B m P43 O i R AT TR

fili Kz IR 25 R W OTS HASLHFAE S ETS (9 H 48
TR —3. 1 h J5 1 W0 X 450 H A F 0 1
14 Tern A% AR RS 40 45 2R 6 BIASE 0A% 0 T A 0
il o Fe /N B BB F TR N R B B R S s X T
“XF G WS- 4 7 1) R R B 3% B A [ 6 A X
WA o R R

Berenguer % (2012) i CAPS 2008 4= NOAA
HWT %50 0 0]z 47 09 X2 ROEE B A Tl R 58
A I R R K TR (4 km RS Ik 4 BR IR 1S
£ R R (GEM) (15 km M%) 5 McGill 24 (#
FHERA% B H A 6 B K I 3 74 & 48 (MAPLE)
14 3 7K T AT A 36 1 T B K ST 34 H AR Ak Y TR BE T
45 K& I SSEF R 4t i) M 25 UG Jic 7™ b B8 4 b AL T
FEK B H AL RRAE 5 Rl E T 87 38 TR SSEF R 4t
I DL BA A K TR BE ) BEASTH BR TR K T
AT L/ Y )5 3 (Spinup) ]
2.3.3 ATas#HEHMBEXTRRAL b~ mit

J

SEAR O AT B A R DL P RUBE X i AR
45 (MCS) [ R J1 AH X MCS 77 A= 1 5 %) 3 R A Chn
RUKEL T i 25 90 2000 b 17 K XUR IR 45 R Z6) 18 B
/IR AE 1. Sobash 45 (2011) i X 97 0T 43 HE”
15 03 AR A IR Y B T AR R e (UHD
e A 37 0 1 307 - ¥ 19 3 T 5 6 I RS R T
R HE . ROC F o] 5 MK 56 5 125 K 58 17 A% 1l
&5, I 7E 2008 F1 2009 4EF B P 4T Tk
%5 i i B . Marsh 88 (2012) 48 17 — P 5E T %
UL AT 43 B 43 B A PR A 2 R L
1 B R HE MR 38 T4 1 7 3 i AR D B 40 B[ R
27 52 15 22 23 (AR PR 1 2 B0 A A 8 12 o BRI AR

Clark 45 (2012a) ffi F§ NSSL 4 km #4 i WRF 3
4ERY 36 h TR 45 Hf1 2010 4E & ZF= R I CAPS
SSEF ££4 Tl & 4t (1 /N B Je oK b T A0 R i
CUHD it 25 5% o B I = 4 (4 2 [a) B ) % 42
WRIEER LW T UH Xt sl Jp 4 i% 1 B 3
MR AR LB UH BEAR K B2 Pl 5= e 45
Ry EBE AR LA BRI E F . Clark 45
(2013) ffi Jjj 2011 4% i 3 CAPS SSEF 4 & Tl
WEGH UH MR 45 B8 7 Clark 28 (2012a)
WFFR g Bk — U T UH B 42 % T I 4 Wik i
A5tk SPC A SREF Al SSEO Hi 4~ A [ 25 [] 43
BERR A G TR AR G0 A ) T 4 2R 45 A A TR 26
TR 58 X 37 R A A 858 45 P O X T O TR T
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B L UKL AT 2% R KUY A% 1E MR 38 (Jirak, 2014) s NS-
SL 1 SPC 1EAE A& J& F T UK Bl 1) ik T 23 Bk o
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