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Object-Based Precipitation Verification Method and Its Application

LIU Couhua NIU Ruoyun

National Meteorological Centre, Beijing 100081

Abstract: According to deficiency of the commonly used point-based precipitation verification methods in
weather forecast operation and model research such as TS scores, the object-based verification method de-
veloped in near decade is discussed in this paper. In this method, precipitation field is regarded as a combi-
nation of many precipitation objects accompanied by several weather systems, and the verification to the
position, scale and shape of each object is carried out after these precipitation objects in the observation
field and prediction field are identified and matched. So, the method can provide more detailed and quanti-
tative verification information that contains more synoptic meanings. There are three steps in this method:
object identification, object pairing and object verification. In addition, this paper introduces the algorithm
and processes of the object-based verification method in detail and makes some improvements to the opera-
tions of the close degree during object identification and the match degree during object pairing. The im-
proved method is applied to the verifications of precipitation of T639, ECMWF and Japan models, and ver-
ification products of the position, shape and range of heavy rainfall are created, which can provide quantifi-
cational information for the operation of weather forecasting.
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Fig.1 Cases of object pairs required to distinguish, [, [, [l and [V are respectively 50 mm object pairs
of 24 h cumulative rainfall at 08:00 BT (a) 13 May, (b) 13 June, (c¢) 17 July, and (d) 20 July 2010

(“ %7 and “0” are pixels of objects A and B)
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Table 1 The close degree and manual judgement of the objects to be merged or not in each case
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The values with underline are larger than threshold, which means the objects should be merged
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Fig. 3 Response of match degree to the

position, area and shape of two objects
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Fig. 4 Precipitation objects of observation (a) and forecasting (b) after initial identification

(Different colors represent different objects. In (a), blue, red, yellow, green and black correspond

to the objects of number 1, 2, 3, 4 and 5. In (b), blue, red, pink, cyan, black, light green,

yellow and dark green correspond to the objects of number 1, 2, 3, 4, 5, 6, 7 and 8)
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Fig. 5 The matched precipitation objects of observation (a) and forecasting (b)
(The “ % ” represents the unmatched objects in (a) and (b), and one color represents a pair of matched
objects. Green, red and blue respectively correspond to the objects in line 2, 3 and 4 in Table 3)
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Table 2 The match degrees of observed objects and predicted objects
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WA 1 2 3 4 5 6 7 8
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3 0 0 0 0 0 0 0.667* 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 1" 0 0 0
TR £ 0 S AT S AR N RS 1 o g — B i AR, 36 2036 3 RIF A4 P RLIZ R 19 3 A SRS T i s KB
The values with underline are the largest in its line and the values with asterisk are the largest in its column. and the values with boldface are
the largest in Tables 2, 3 and 4
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Table 3 The match degrees of observed objects and merged predicted objects
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Table 4 The match degrees of merged observed

objects and predicted objects
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Fig. 6 The observation of cumulative
rainfall from 08:00 BT 14 to
08:00 BT 15 June 2011
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Fig. 7 Precipitation objects of observation (a) and T639 (b), ECMWF (¢) and Japan (d) models
from 08.00 BT 14 to 08:00 BT 15 June 2011

(The “.” represents the matched objects and “ * ” represents the unmatched objects)

(1) ECMWE #5820 4% B 20 390 4 2 o T 1% 22 W
HFr. 1M T639 #7E 156,180 F1 228 h By &k sl 1
ZREK B AR, HARBEAE 96,120 F1 144 h B3
BT U

(2) FpC 25 BB A 05« 25 S X TR A 2 T

T DX 359 2 5 1 b ARG VG 5 X R R0 5 B 1 AR U i
B VO B 2504 i ST 32 ¥ 1) S50 G 3, o ECMWE
MBS T4 45 SR AE R A2 2l v g i 1 B S0 L AR B AR
FE 132 h YT 5 2 1 W DX 0 26 R A 25 SR
T 17,7639 Fil H AR A T4 22 45 S 00 28 W X AL



%6

XA S T b A e KA 36 0515 K% v T 689

(3) TR B 58 ME 1) A9 A2 35 . ECMWE 5
TR A WA B AR e 1 i KL i T639 A H AR AR
PR B W A 4 B B 22 RAHJE R G b LA s X T
A7 98 FE 1 TR . ECMWE 45 S 2 4 7 T639 485X
I H AL, T639 A 2 B A T 47 46 4 Al 7% T H
b W A S TE B 8 AR G 1 A 22 5 X T WA A E )
ECMWE #5241 4% Fi 25 1) T 41 A1 552 0 45 O 45 30

118 (a)
U
o
‘15‘2(116 ° o [ ] o +
& * e0?® o
-3 . + g on +
£ 114 o . PP
o +
o
112 &
10 8 6 4 2 0
B ml/d
S O .
L]
°° o . o
. ° o o o
g:cd % .o ®
2 o
= O e 0 OQ +
B ° -
+
o
2
10 8 6 4 2 0
[t fwl/d
40 ()
& & w7 * o
# ° * * o r 3
E 0°%0 e ° s O e ¥ O F
K o . o
H_G 0 o o
H
hing
T °
H
—40
10 8 6 4 2 0

it Al /d

T639 AL TR A F 17 050 A3 B (A S DL /1 » BV A B
i 161 5 AR — P o T A A AR A R A
SO0 A o WA B 1) SR E PR E 1A

(4) B3 R B . ECMWE B 20R 2% 5 X
FEL 14 04T A AR B 2 8 ~ 9 d (/s 1~ 7 d i K
T639 FI H AKX A Xof 5% T DX 3 FEL A 791 410 8 A e 52
0 2 T DX AR /D

32 (b)o ~ . + .
& +°
o ° %o 0° O+
% 30 [ L + 5 o o + o +
S ] . o
s o
a_ L]
28
)
10 8 6 4 2 0
B 1A/d
25 (@ -
+
il . , * ©0° , &
K g T 0 ®
= 15 00 o § 9 o
'\5 o 9 + o
]
5 Q
10 8 6 4 2 0
0 Bk fl/d
01 @) . °
° o ¢ . .
= L 1] * o
H]E 20 " ° + i @ +
= o .
= ° ooo0o0o0
10 c©°
10 8 6 4 2 0
fitfw)/d

&8 IR L I Bk i BE K H AR Y e 1A g
(P LRE, WFLEE, (OFMERE, (ORMKE, (o EHMS5ERTRIEM, (DFEEHM
CREZR 119 00 A b A7 o o SOL 00 ik 7 b 1 J e BB o 7% 7 0 7 33
XF AL T639  ECMWE il H A 8 U TR B K E A7 11 a8 1 D

Fig. 8 Property verification of precipitation objects of multi models and multi-time forecast

(a) central longitude, (b) central latitude, (c) length of principal axis, (d) length of secondary

axis, (e) included angle of principal axis and east direction, (f) covering area

(o7, “.” and “+” respectively correspond to T639, ECMWF and Japan models,

and the horizontal line represents the value of the observed object)
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