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Abstract: The contiguous rain area (CRA) is an object-oriented verification procedure. By setting a thresh-
old for precipitation, the CRA is identified and isolated, and the forecast error of the rain area can be ana-
lyzed. This method can avoid the “double penalty” effect of traditional score method. The horizontal dis-
placement is determined by translating the forecast rain field to the observation. This allows a decomposi-
tion of total error into components due to the rain location, amount and pattern. 119 CRAs from May to
September in 2011—2014 over the east of Southwest China were found by using the CRA technique. Their
location and intensity errors of the forecast by ECMWF model in 36 h were analyzed by the CRA verifica-
tion method in this paper. Then these cases were classified into three types according to the weather sys-

tems, i.e. , the low vortex and shear line over the east of Southwest China (the first type), the shear line
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located over Jianghuai Basin and the east of Southwest China (the second type), and the southerly wind
type (the third type), respectively. The systematical error of each type was presented. The results showed
that the pattern error for all CRAs is the greatest about 60% of the total error, then is the location error,
about 30% , and the amount error is the least, about 10%. The average location error is 0. 7° westward to
observation, and the meridional displacement error is not clear. The mesof-scale rain area may fail to be
forecasted by the model. However the horizontal scale larger than mesof-scale rain events would be over-
forecasted to have more rain area and total rainfall, but weaker intensity. The intensity error is similar to
the first and the second types, in which the rain areas are over-forecasted and the average rain intensity and
maximum rainfall are under-forecasted. However, the intensity is under-forecasted or the event is missed
for the third type. For the location error, it is westward for the first type, northwestward for the second
type, and southwestward for the third type.

Key words: contiguous rain area (CRA), spatial forecast verification method, location and intensity errors

of precipitation, the east of Southwest China, ECMWF model
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its corresponding ECMWF 36 h rain forecast (contour, unit: mm) (a), the identified and
isolated CRAs, with the red as the first and the blue as the second CRA (b), and
the shifted observed and forecasted rainfall for the first CRA (¢)
] S5 7 45 8 98 7 T 0 100 7 7
. . 30 A% G105 0 70 o T T
L)
201
16
) j AY \n
< 2 VY e DX AR i A K TR S A 5 2
124
| ot
Y1 MNP B b X =i 22 A n] LB (R 1D LB
0= 6 7 8 9 iRz H R 600 A HIREEXIRE. Y
e H 309 5 A BRHE U2 /N, 490 10% 3% 55 Ebert
el 2 SRS K B ROE 1 53 A 4 (2000 IR IE 43 A1 A ] L O 45 3% 2 /0 T 9 IX %
CE RS — 28 IR 55 238 R K 55 =30 . IS § N
. - - - 25, BOKMESFE EZ S REXN R ARG SA
Fig. 2 Monthly cases of the three types o A e "
e aon eI TR 5 A SR XY 4 A BR B A 6 A BB
(White is the first type, grey is the second type, it EH ?Eﬁ%ﬂi%% %%ﬁ}i&%7k%¥{% ’ }J\ﬁﬁxd‘
and dark grey is the third type) ﬁ%jj( 10] EPR};*‘&F%?IE%IJ@Z:E .
1 FAEMERADEEKEZERGREEFHREREX . EE MSRETEH AL
Table 1 The average error of rainfall location and intensity in the eastern part of the Southwest as well as
the percentage of the location, intensity and pattern error in the total error
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(a) mass center location bias of heavy rain areas, (b) displacement

errors between observations and forecasts
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Fig. 4 Scatter of observed and forecasted rainfall intensities
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Fig. 5 The circulation and rainfall distribution in the three types of rainfall cases

(a) the first type, (b) the second type, (c¢) the third type
(The blue line denotes the geopotential height at 500 hPa, unit: dagpm; barb is the wind vector

at 700 hPa, unit: m* s~ !

BTG G AR IR K 32 AT g KU A IX el 2
TEARTHE Dy 35 Y DI e /KO e o D A A 8

; and the shaded area is the 24 h accumulated rainfall, unit: mm)

N Ry PR . R AR SR A RO T
2 R TR R K R A — o Y B R



1462 A

% 842 %

71 EF LB v DX I35 B T 181 1R DR 22 » TR T35 =
RFFEKF A2 oL T B C TR BE ST . 2 9 T i .
T ECRE AT CRA 25 [ A6 56 52 AR X = 2 A [a] i ok =
I TR DR 22 BEAT R AL AT

MAE R 5 52 B0 RN L L A g i BRAT LR
H R T — SR KA, 60 00 LA AR 5 AR
T AR50 5 0 i A o T A1 it /1 B4 1 1) 8 v LA R
/T 200, BIRE K A K P RBE R A8 2 T 41 i K
AT BETE B R (I 6a) . B — 28 [ K > i 55 5 —
2R Bk KA TR A 22 A1 AR B )RR AIE L 24 80 6 4>
A AT A i AR A 5 AR A i /0 B A 1) T B R R
TE ROBEBU/IN Bk S8 (P 6b) o T4 T R XL B
Wi 7K 8 . 80 o A 91 468 X AT i AR S DA /D 5 5 58
— RN WK A R 25 IE AF A B X AT RE S R

TR (1) 8 7K = KOS ROBE e/ % el B XN R RUBE
R G R IR B K O DR A2 A 3 PP Al ok
F o 1 20 X — I 1 [ K TR AR D 455 W R BT
W (E 6c),

B 7 25 TR X TR 5 S 0 ) O 2 B K B B
X5 — e K F 0, 2R K H AR 52 00T 4 R K R
FE AR R (<230 mm) A2 TR i 38 A ABE 5 A K g ko
TS 00 - H 8 3 30 mm {9 [ K 35 0E L B TR 1Y
S 55 T S 00 A0 ME B S K (| Ta) AR SRR
KA 10 - S8 e K R R O A 22 5 50— 2L, X
T3 B i /N 0 R K A 1 A ) AR A R & X T
SR R O 1Y) B K S 0 RS X AR S O e 59 (A
Th) . SRR B, 5 = R K S5 1 8 T R
F14) o8 7 S 357 5 85 B I 55 T S L (| 7o)

500 ] ’ T , 200 —
| @ ] 7 s00-) (b) 1©
400 — b 160 —|
. 400 |
E=] |
2300 — 120 4
= 300 |
z .o |
A _ . | .
£ 200 o 200 80 -
= - - ’
100 - i, "l-" . w004 i 40 |
P N S T O S %
0 100 200 300 400 500 0 100 200 300 400 500 0 40 80 120 160 200
SRR RS AL SEULPETK M R SEULREIK M A
Bl 6 CRA PISZBLREK =25 mm (945 25 505 HH R ) T4 46 rt B0 s 1
(DFE—J5, (MO 2K, (OF =2k
Fig. 6 Scatter of grid numbers for the observed rainfall more than 25 mm + (24 h) "' in the CRA
(a) the first type, (b) the second type, (d) the third type
60— - .
(a) (b) (©
£ 40 .o e . :
S L o,
. P .
= T st
oy LY S
B teg.
220 . f N
i .
0 I ' : l ' | l I T | ' l ' l ' |
0 20 40 60 0 20 40 60 0 20 40 60
L 5%/ mm L 58/ mm SELAFE I 58/ mm
B 7 [l 6, (A R 7 2 R o
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