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Comparison of the Multi-Model Forecasts for Severe Precipitation
Based on the Object Verification

QU Qiaona SHENG Chunyan FAN Sudan RONG Yanmin

Shandong Meteorological Institute, Jinan 250031

Abstract: Aiming at the poor performance of the TS verification method, object-based verification method
is introduced, by which the objects in the two datasets are matched in area, position, morphology and in-
tensity to get potential forecast information of spatial field. Taking EC_THIN, T639, ensemble forecast of
WRF and BCSH for example, for the purpose of integrating the characteristics of multi-model, the optimal
times about the forecast of each severe precipitation are selected and the box-and-whisker plots are used.
The circulation patterns and influence systems of severe precipitation are typed. The results show that the
score is the best about the forecast of heavy rainfall caused by tropical cyclone with mid-low latitude circu-
lation. The score of low-pressure vortex and shear line of heavy rainfall processes is better, of which the
best forecast of model is BCSH and EnMAX. The forecasts of 12 models for pressure trough are ordinary.
When the system is extratropical cyclone with heavy rainfall, the score is the worst.
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verification (a) and observations and

forecasting of severe precipitation (b)
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(Numbers in Figs. 2b—2e represent the precipitation area)
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Table 2 Object-based verification about EC_THIN, T639, EnWRF_12 km forecasted on 21 July 2014
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Fig. 4

The box-and-whisker plots of total score (a), area score (b), barycenter score (c),

axial angle score (d), the difference-value of forecasting from observation (e) of

24 h forecasts by multi-models for the severe precipitation in June— August 2014—2016

da 3R K TR GG VR A e & L B B R
G319 25 % 43 L5 BCSH 143 2 0. 32, oAb A 1
0,00, i B PEA Y 50 Y040 %k, BCSH i i >
0.45, Z J5 K 2 EnMAX(0. 36) ,En90% (0. 26) ,
MOE 1 75% 43 fif B, BCSH (0. 51), EnMAX
(0. 48) Fl EN90 Y, (0. 48) ¥ 43 # i . EC_THIN Al
EnWRF_4 km 438 0. 44, T639 ¥F 4 k0. 39,
EnWRF_12 km #F43 KR 0. 37, BIF4HHY 95%
L8, EC_THIN 3% 43 e i oh 0. 72, R OZ T639
H0.69,EN90% &y 0. 68, BCSH 2} 0. 67, EnMAX
WA E/INR 0.60, ZRG UL EATHT, e BFAr iR 2
I 50 % ~ 95 % 43 1 B B A, BCSH (0. 45 ~
0.67) . En90% (0. 26 ~0.68) fl EnMAX (0. 36 ~
0. 60) PF 43 e it » BRBOR fe R

[ N T AN e T T = N R S [
T i — 25 43 A 25 455 2 ) 4R R A0E 5 T80 AR IE 43 (8T 4b)
50 % i KU B LR 3L AR 0. 00, 1R 2 LR e ALk B
75%~95% , W ARTE 43 50 Y6 434 B 45 45 2 K i G T
A IAE, Hirp EC_THIN (0. 08),BCSH (0. 05)

EnMAX (0. 01) A& /NP7 43 45 3 o At B =X 3 2R
0.00, MFIESr 75% 4 00 B0 43 58 45 1 2 EC_
THINC(0. 39) .EnWRF_4 km(0. 38) il T639(0. 38),
H k& EN90% (0. 32), BCSH (0. 31), EnMAX
(0.17) EnWRF_12 km /) (0. 00), & L3 4
95 % A KA B X BE 43 X 18] 24 0. 55~0. 95, Hir,
EnWRF_4 km f1 EnWRF_12 km & 3k0. 95, H ik
2 EC_THIN F1 T639 ¥4 0. 85,En90% Jy 0. 84,
BCSH(0. 64) fil EnMAX (0. 55) %/, EnWRF_4
km (0. 38~0. 95) Xf T 5 [ 7K Y& DX 174 T AR 10 4 5 2R
et ,EC_THIN (0. 39 ~0. 85) fil T639 (0. 38 ~
0. 86) 4 B 45 i b Z21 i HE WY IXC 1 AL

SREEKE LS (K 40 RFTAEREE B Z
&, DL BCSH #5274 250 R &% oy 28 0, 00 B VF 43
25 0 LBk 0. 57 AR =X 2 0. 00) » FE.O I 43
50 %043 i Eh 0. 75, O PESY 90 Y0 40 B I LA 3
J 1. 00, Hk & EnMAX #l En90 % 15 42 %k 5 4
U iR 224 R 5026 ~ 9520 43 i B B, EnMAX H
DFE4Y A 0. 60~0. 99, En90% 3 0. 16 ~1. 00, H



BT

I 25 B8 45 < B T AR o G A 36 vk 14 2 R R R UK BE T Y LE R 915

AR X FA B D3 B O DT A 258 KL B T AR X 855

TR BF 40 o 1 A [ 56 9 ) &5 AR 2, il 1) A F
g3 (B A B AT Bl ) fPF 4y 2% R BRI AT 5
SO e SRR BE . NVE 3 25 R ORF L B AV o
50 Y043 B LA T AR 0. 00, iR 22 2R B ALk #E 50 %
~90 %643 K. il 1 PE 4R 1 50 % 43 1 %k BCSH
B2 PE 43 fe i (0. 88D, H W S En90 % 43 v 5
0. 23, H A X PE 524 0. 00, %l 1] £ B 43 11 90 %6 4%
£ % BCSH.En90% . EnMAX Fl EC_THIN ¥ %
1.00,T639 2} 0.97, EnWRF_4 km(0. 86) fil EnW-
RF_12 km (0. 77) PP 43 841« R it Bt 1] £ 3 43 v BC-
SH(0. 88~1. 00) Al En90 % 43 $% (0. 23~1. 00)
I3 B

P de Ry 2 T2 55 [ 7K R o 5 S I 25 A 1Y A
LB EEIT 0 mm 18 B TR B R T S L R 25 £
AR 255 ~ 75 % /i 8. 25 0 4 o0 B T HR B
Ko M A B BT 0. 00 mm Y & EnMAX
(—1.10 mm) , BCSH £ 5{ ffi K (16. 78 mm) , H Al
B K B B Y A /N, X R YE LA — 33, 41 ~
—1.10 mm, SRFFEIK 75 Y0500 B0 B B O KL D
B K 8. 00~137. 80 mm,EC_THIN(S8. 00 mm)
1 EnWRF_12 km (9. 73 mm) i 2% & /) » EnMAX
(137.80 mm) Al BCSH(130. 25 mm) i 2Z k. M
&k 3, EnWRF_12 km (—29. 43~89. 73 mm) il
EC_THIN(—40. 10~8. 00 mm){f Z %/, EnMAX
(—1.10~137. 80 mm) Fl BCSH (16. 78 ~130. 25
mm) i 25 388 K, Ho EC_THIN S A Dl /b hy 3.
BCSH B A 114z 1 o 5 08 K

KK V5 XA — 2 1 I 22 5 I8 4 23 7 1) {2
W 7 B TR 5L A1 YRR B K SRR /91 AR K VK
DX T 4T 9 O 25 7 1) IR B R AT e it (& 5) L B iR B 4%
A A ST 00 e 15 2R A6 O ) I IR 22 5 2 JE MR O
N A G NN A N o = i [y [ I U oK
BB 22 o BCSH #5X, M B3 25 A6 AR 1 7 ] e
Z HhJ& EnMAX, i & 74 w4 A1 95 6 77 1) i 2 o BC-
SH., WRACR F b7 i BCSH 8 X i 25 74 R J7 1] X
B 2 oM 7 R B 228 K. SRR AT /Y En-
MAX #5225 4= b 10 IR & i 22 P8 b 5 1] Fl G
i 25 P IR R D

4 R R T B Uk 1
%5t

Fhy b AT R 22 b 0 T i A K AR A BE A A

ANTRL S 8 4 AN [R5 Wi 28 48T A% 2B AR AR AR e, 2
B —E B ML S PR 5 B 2 25 AR W 7

SR AR 2% R B R OR 8 T 2A DU 2R (IR
B L OB IR S D) AR SRR AU S AR 2
Z 48 (i A BT - 2014) . 2014 — 2016 4F 41 1K
WFE/91 v X 28 Wt /61 N X2 R G
RIS IIARL .7 Wik /19 A>3 KON IRHE . 3 ot
R /T A O UiE - 3 U /4 A v X 4Rty
S PR R EAE R 6) . HR kiR ) A2
LR M K H bR X R g | A5 R 23 IR
R/ 41 A 1T 9 A R o5l o 14 Rt 72/
16 Y& X2 W /3 A7 DX I A% 48 2 1 o
KR HAR A G AR N 1 B0k 6 IRad 2/
10 SRR D 1L 0 3P o3 4330 S 7 Ut 72 /9
AT UGS R /T AN B K v X5 il U R SR Y
SRR | PP E R 2 Wl /2 ARk TR
DX, I 2% T ZF o 45 2R 20 i o 2 ad #2 /3 AN XL
UG RR /2 v X e Uie 5 246 R G
VEFIB, T RVF o 45 R 3 Rl /4 AR K % X
A5 .

PRIt BAHT O 5 P A 20 38 AR AR L A FH 2R Y
1 5 K R T 2 2R e L 308 L . Hifb 3 Fh
RO K R | PP WO gL AR )
AR BB 6700 ARME R GE L 5200 IR UE
2800, ARG L D)7 2R R i A i TR O AL
ZHEME AR RGN [ RER P b OB Al
SN 3 AV B PR A PR YA ZE A K

Ofm® Ofde @7 e m ik

g g Z A = o
g = = @ % = <
ja ~ < @ = o

I I, =
¥ 2 &
s =
=5
5 =
LIV

E 5 2014—2016 4F 6—8 H MK i 78
Z R 0~24 h FiR -5 9B RE K O
AR E DA TR €W
Fig. 5 The times of precipitation center
position deviation of multi-model 24 h
precipitation forecasts and observation

in June— August 2014—2016



916 A % 9545 %

B 7 45T 4 2 [ K AR 45 B o TR Y EnMAX(9 %) ,En90% 4 7 ¥ ,EC_THIN I T639
TIP3 B T AR )78 28 A R Bl 1 5 Y3k 5 W I FiF 4 fc 2 1 45 2 EnMAX (6 1)) .
MK 2 BCSH T ifsr kB £ o0 11 W, ikl EnMAX M EC_THIN K 2 , ¥ 8 31K . Ik £ JE

1.0
(a) ) .
B ~ O T RiFor ek I
0.8
& 0.61
B
0.4
0.2+
0.0 oo g (S lelmmla T m[mlalel=T=lnlo |5 = wlw v =l=lwnolv]alo
AN N O~/ —=|A0l|l—m NN~ A~~~ OO~ | |—|C]
OI0C|ICICIC|IC(CIO|IC|Q|C|Q|IQ|IQ|Q|IQ|IQ|IQCIQ|IC|IQIQ(IQIQ|IC|Q|IQIQ|IQ|IQ|IQ|IQ|Q|D
T T ||| T VNN NN |[O (OO0 [|[O|[O[|[OO([O|([O[|O |||V VN |[OIO|[O|O|O| T | nin
e o e o S R e e o e o N P ISR
Lo I o B o I o N o NN o Yo I o I oS I oS IO B & B o I o B o B o BN o I o [ o I oS BRSNS NS NS B o I o~ I o BN o N o BN o I I o BN o I o B oS N N |
iKim, PAsek it o
e
H
10T
O 0 KiPorah st O mZiTsr&hat
0.8
&R 0.6
BE
0.4
0.2
RHHBHHBHEBEHEBHBEEHHHHE
ol f=) — ol o o [l ol — — o o [l [} — — ol ==l f=1 ol [e=l —
=} [ e} <] - [y %} e} O ~ [y [y [e%e] <] [y e} =} [ [} 0 =} -
(=] [=} (=3 (=] (=3 f=3 f=3 [=3 (=3 f=3 f=3 [=3 (=3 (=3 (=3 [=3 (=3 [=3 f=3 [=3 (=] [=3
B B T B B e e e I =T =T =T = = e A = = = T = e =
(=] f=3 [=3 (=3 =] f=3 [=3 (=3 =] f=3 (=3 (=3 (=3 (=] (=3 (=3 (=3 (=] f=3 (=] (=3 =]
[N o o [oN] o o o (o} o o (o] (o} (o] [oN] (o] (o} (o] [oN] o (o} (o] [N
fi&im. bAsLk (i85 i
e
H
B 6 20142016 4 68 1 41 YCHRFEA R/ 94 X 9 % RS 0~ 24 h BRI 15 7.5
() T giF45r, (b I %5
Fig. 6 The highest score of 24 h forecasts of multi-model for 41 severe
precipitation processes/rainfall area in June— August 2014—2016
(a) Grad 1, (b) Grades [l and [l
12
10 O T b ik O T RPFor k%L W R PE5y kB
8
&
6
§4
il I
0 M HH]H_\ HHWHH Hﬂ [ HH
E|E|Z|2|B|S|5|E|E|Z2|a|B|s|%|E|E|E|3|7|8|%|E|E|g|2a|5|5|%
ST E[E|BIE| 2 ||| E|F|IR|E|S ||| E|F|8|2|2| a5 |EIR|IR|F|E
-2 ey &) d g &2 d Fld g &g d HE
21z E -k 2z " Ak
ki, VB Lk (i8] i 5 UE =V

[

K7 2014—2016 4F 6—8 H 41 IRSEFEKE B ZFBIE 0~24 h #idle 1L 11 L P43 B
Fig.7 The times about Grades [ , Il and [ll of 24 h forecasts by multi-model for

41 severe precipitation processes in June— August 2014—2016



I 25 B8 45 < B T AR o G A 36 vk 14 2 R R R UK BE T Y LE R

917

(Y 5ik K R v T 2P 23 e 2 0 EnMAX (3 %O
EnMAX . EC_THIN #1 T639 ¥ 2 ¥, Il ZiE5r 4%
B 22 A K. A e T W5 O EnWRF _

4 km Al EnMAX #4 1 ¥&, Il & #F45r A En90%

(2 90O HoAth B X TG 4
250 A0 B AE AR A Bl Y 58 R K o R H . BSCH,
EnWRF_4 km,T639 ¥4 5i#k H N T HiFE5.

R3 20142016 FHEEFE KL EBRMLBRBEXHEER TN

Table 3 Overall evaluation on models with optimal total number during the four types of

severe precipitation processes from 2014 to 2016

TE A e 5 IR ER

P T M S R B/ A B R R B —_— TEARBF
P4y ;,; {5 N 310 F =S | /) S ERN VAR 1 152 2R - i 1a) f A 5 E Y
WE WE
YR T ARy BT L AR
, SRABE MR iy BRBAEA 7 UGEA N 1 00s
%35 . Btk 14.92~141. 92 km; ! - o
) < , 35.34% , Wik & ) 5 L — P /N 0. 9~
gjAr  BCSH  41/11 6/1 5/1 i 7N fiFg 44. 00~ e s e . ,
% 65.52% 127,31 km. ik 5 52 0 T Y LN AR 67. 3 mm, ik
44.52~112.12 km FIRERAR - PR 6.5~176.9 mm
2 IR TCAR S W AR
ik 42.67~99.71 km,
9 W 1.00; N
5. WA 19,51~ prstsims o 0
Y4 EnMAX  41/9 6/2 5/1  34.60%  143.23 km; W TC1F4 L5 sz — ’ Wujc '
1% ~  39.03~104.39 km, RTINS
9 63.76% fist : S0 mm
e 9.23~43. 22 km
ﬁ v e [ N
gﬁ 1 VR TG 25 5 A P 1WRPES A 1,005
, 50. 47~63. 02 km. i/l 34,9 mm.
E i BCSH  10/:
%A 0/3 Sk it K
2.32~39.36 km 33.3~68.4 mm
- WG SR
W EnWRE vi/J\ R4 40.23 km,  75.72%, Bk —BEAER,. 1RSSR 1.00;
S _4km ’ . ”;W fidt 9. 21 km AN BATAPIL R/ 60.9 mm
o K 2% M 1)
iP5 7. 7 ke, 2 WIS 1. 005
AR e % 18. 21 km;
BCSH  4/2 — — — — — ff 3.6 mm,
i 29. 56~ i/ 17.1
83.9 km o
1%
;uﬁﬁ 1R AR 5
5 o At P4 ST PN ST AT s )
{E;(f’k‘ BCSH 1676 7/2 6/1 067\0? 31.72~179.91 km;  145.4% . SZ8  ZR P4 )5 o B s W : “i}ﬁﬁﬁl' 00
Py ' TN BAETOZ6km. ORHURBR AR N
~ ik 1) SRyt Wk VUG E ’ ’
o 31.94~163. 27 km
63.49%
I
% .
- EnWRF 1R T 1 2 W54
» A5 A Lk 7/2 2/1 2/1  FAF4A WA 117.19 km, JTarEsy i 1. 0051 /N
ol - fidt 124. 3 mm 25.2~37.4 mm
Zh
3
WA 1AW AR
e R | PR T T SRR
En90%  3/2 1/1 /1 ik L m 3.28%. il ' ;m fi/l 21,0 mm.
1% £ 3k 15 R AR
72.54% 148. 35 km, BbSE RN i MK 44. 2 mm

fiEE 107. 72 km




918 A

% 545 %

T TH A EE 3 A A ] 258 A 5 R K e R A I S TR B
LE A S WL NTTE SN QTN (VAN R 2 s L - g R
WA R G 3 . TRV ks )2 L 25 R BCSH
A EnMAX R fie b . BCSH #0 B L Fdme 58 1
U1/ 2 3 FE TR 2 H At A AR DA AR O 3 L m A 7 1)
i 15 75 18] AN 5 5 5 BE T4 R g i AR DA AR i Dy
(6.5~176.9 mm), EnMAX 5 BCSH #H It , o8&
IR /N B 9. 6 ~22. 3 mm, i KRG 21. 7~42. 4
mm) I P53 WA 5 007 B 343 b BCSH g
I A 2R 48 BCSH S B 2, 0 i 125 07 1)
PLIPE AL R 3 (f 76 50. 47 ~63. 02 km, fiidt 2. 32~
39.36 km) . 58 B f 3 L W 59 343 & A (7 349
mm , Ji K70 BBl 33. 3~68. 4 mm) ; I A R P
S5 RS BE FR SR E AR 28 B 0 R R RO D
43 L EnWRF_4 km fil BCSH Jy i 45 T Ui W1 . I
A AUIE S e B TR 2 47 A EnWREF_4 km i 45 At
JF L FOPES R 1. 00, TR A B K PO 5 BE DR /)N
60. 9 mm, [ AIEA 5 B — 0, B AR 5L 00 B
YK, WA E ) 5 5L LA — B0 2 el Al S T IS
FE 2 G A E AR FH 2 i s BCSH T4 0% A 1 . LU
BN R B AR PG O 10 AN E S R TR PR
1,00, 5EAAHZEAK,

SR 3z T H bR 6 R 50 A5 Y 5 [ K
SRR IR AR L PE o3 AHXT T P o g AR 32 225k
PRAE T Ol 2 0 D I g R R K i B o 2
B R PAS 7 18T B F 11 AT o 0 SR T 43 1Y
60% ~80% I & AN A S H . 1 Il V4 &5
e, W O3 A O T A EE O 7 AR AR 2 i A R
R o NS N | & e A L N

5 e Sitie

W T R TS PF 73 38 08 ™ A% 1 50X A 56
Gy Rk — S R WA AE B AE AR 5 Ak B
LA TR S Iz A B A R L TR
YR 1A A IR R AE . A SCHIA T B AR XS
GG 7 1 1% 758 6 L AR 3 TR B R K O AR
VE DX TR A L TR ODR R 5 R R AT DS E L AT 3R B S
(] 370 05 A6 1) T A 2 o K L B 7K 5 X 32 004G 565 7 1%
o 36 45 S TR B R 2 R AL .

(1) DL BCSH,ECMWF 21 W #% . T639. 1L %
WREF fiff 5 1 191 4 FH B 45 T4 3 46 o 9] 3 ot >R
o P B AR R B e 115 B X S A B T ™ i Y

PEBERFAE o 2 0 S DA 8 205 B /K R AR AR X el g X
AR R £, kg WRE 44 i K AE T4l
WORELT

(2) 41 WET B LA b o [ K o R 4 26 18 R 1
2 Pt 2 R A AR 7 il X O 7 B B 4 R 3
YT W ARTE 43 T AR P43 v i il 1) £ 9 43 0] 1 06 1
RIPIBORA 2 . BCSH,WRE 4 90 % 43 KA
WRF 455 e RAH BV 43 f e o F0 7 B R K At
G 2 e o (P 1 S A T A
ARG, T Z 5% WRFE #5E MR 4 km F1RK
b g R RS A X . BCSH TG 25 W Bk £, &% 1
EWEEZ RN AR

(3) MG IR LT 5 B8 Wi 2 0 % i g K 43 A4
L A SIS 2R R Go A HAE TS B K
AR U0 A 2R TR AT 1 o R /R X RS L LA
BCSH 1 WRF £ £ % K H B 80OR S b HE O
(ARG R W i - WO R i B K¢
RO — M TR SUIE 3R G T B 25

T B UL A 2 TR R S sl SRR A A R
TN FLEE R B 22 L AR A8 T 3 AT i R K ot AR AR
A Ay O SRR K 5 L BR L T DL R TR R 2
REA W R BRI . 5 B KA (B2 P 4 v X
FE TR 5 52 00 22 fH<<20 mm FI<<10 mm P B .
B A 10 mm B PF53 A T R AH X fie 2 45 21 52 )
AR F R4y B A F 5088 o8 JF i %
H L W A ATARYE A O TR 50E . EAR TAE T,
W VAT K 1 BT 5 A 7 o TR A A S A [ 2 7R
B 7K s 00 3l AR 360 55 A% SR B0 R A7 X L (A A
S5 T B S Pk,

2%k

B AL PR BRI B L 5L 2013, SR 6T IR R AR TR 56 8 Jy Tk AE i
M 23K L) ], R R R L 3(3) 1 40-45. Dai ] H, Mao M,
Shao L L,et al,2013. Applications of a new verification method
for severe convection forecasting and nowcasting in Shanghai
[J]. Adv Meteor Sci Technol,3(3) :40-45(in Chinese).

TR 22 R A AR AL 2014, —Fh o S B OK TR 2R 22 R g R &
H LT, A 4.40(7) :796-805. Fu J L,Zong Z P.Dai K, et al,
2014. Application of a verification method on bias analysis of
quantitative precipitation forecasts[J]. Meteor Mon,40(7) :796-
805(in Chinese).

N, 2010. SAL R it B K TR RS 96 7 12k B Ak e S 0 LU . R R K
%,29(2):153-159. Gong Y.2010. The explanation and applica-
tion of SAL quantitative verification for precipitation forecasts

[J]. Torr Rain Dis,29(2) :153-159(in Chinese).



BT

25 896 45 < T AR X GRG0 T ) 22 R U UK BE D Y L AR 919

STMHZL 52 B T3« 23R 55,2012, T639 B 7™ it X 52 1 B
98 R B R G BURF BT[] K4 .38(8):971-976. Jia L H,
Zhang H L., Xiao K T,et al,2012. Verification and assessment of
the forecasting of influence system in Xinjiang by T639 model
products[J]. Meteor Mon,38(8):971-976(in Chinese).

ZEAR T AR TR, AL 2016, = 28 58 X I R A0 T T 4R 17 AR M A
iR S5 X [0, 4 .42(2) :129-143, Li B P, Dai ] H, Zhang
X, et al, 2016. Fuzzy verification test and comparison of three
types of severe convective weather nowcasting[ J ]. Meteor Mon,
42(2):129-143(in Chinese).

X2, A 25, 2018, JE T H AR BB KA 30 7 vk R LT ] 4. 39
(6):681-690. Liu C H, Niu R Y, 2013. Object-based precipita-
tion verification method and its application[ J ]. Meteor Mon, 39
(6):681-690(in Chinese).

SR A AT L 48 L 2016, O [ 28 2R 5 6 3L TR 7 Y B B X
St 5AMEM ], K% .42(4) :389-397. Mao M, Dai ] H,
Li B P,et al,2016. Object based verification and evaluation for
different types of severe convection forecasting products[ ] ].
Meteor Mon,42(4) :389-397(in Chinese).

i X5 408 B 7R A R AN L, 2016, 1L AR 4 £ 5 B 9 UK T (X AR AG:
1], 5 %R . 44(3) :392-399. Qu Q N, Sheng C Y, Che J H.
et al,2016. Verification of multi-model forecasting of severe pre-
cipitation areas in Shandong from May to September in 2014 and
2015[]J]. Meteor Sci Technol,44(3):392-399(in Chinese).

HALgf . A K E . 45, 2013, T639, ECMWE 41 W #% # =X X

2012 4 5—8 H MU JI 43 b KK Tl i R A=K e [T ] i sl st
K W9E,33(1) :80-85. Xiao H R, Wang C W, Zhou Q X, et al,
2013. Synoptic meteorology verification of precipitation forecast
for T639 . ECMWF fine grid models from May to August 2012 in
Sichuan Basin[ J]. Plateau Mountain Meteor Res, 33 (1) 80-85
(in Chinese).

FETKZF 2011, GRAPES_Meso 854 0 M A A 5 K 56 Ik £ %0 40 1
[J]. K %, 37(2):185-193. Xiong Q F, 2011. Verification of
GRAPES_Meso precipitation forecasts based on fine-mash and
station datasets[]J]. Meteor Mon,37(2) ;:185-193(in Chinese).

Tf) T R A JRT - 2014, IR AR K HE R R BR R F LM, Jext:
K5 AL :29-109. Yan L F, Yang C F,2014. Book of Disaster
Weather Forecasting Fechnology in Shandong Province [ M ].
Beijing: China Meteorological Press:29-109(in Chinese) .

JRAR, F SR 8L, 45 2011, MODE J7 % 78 B K TR A 36 7 19 L
)] K4.37(12):1498-1503. You F C,Wang G R, Guo
R,et al,2011. The application analysis of MODE method to the
rainfall forecast test[J]. Meteor Mon, 37 (12):1498-1503 (in
Chinese) .

Ebert E E, 2008. Fuzzy verification of high-resolution gridded fore-
casts:;a review and proposed framework[]J]. Meteor Appl, 15
(1):51-64.

Wernli H, Marcus P, Hagen M, et al, 2008. SAL-a novel quality
measure for the verification of quantitative precipitation fore-

casts[ ] ]. Mon Wea Rev,136(11) :4470-4487.



