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Abstract: In this paper an object-based selection method is proposed on how to select the best products
from lots of numerical forecasts. This method firstly gives single object score with different weight means
of TS score, center of gravity score, area size score, and location shape score. On this basis, the regional
forecast overall evaluation and selection are conducted. Batch comparative experiments of 3 months and ca-
ses studies with local scattered rainfall and large-scale rainfall weather processes are conducted. The re-
sults show that the object-based selection result is reasonable. The weight of every score item of single ob-
ject has great impact on the selection result. Increasing the weight of TS score (exceeding 0. 4) can im-
prove the selection result. It is the key factor to calculate regional forecast score based on every object area
size weight score in the forecast region. The object-based selection method has remarkable advantages for

local scattered rainfall and it can overcome TS score’s shortcoming. Usually the object-based selection
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result is more reasonable because it includes the shape, center of gravity and area scores of rainfall fore-

cast.

Key words: object, numerical model, regional precipitation forecast, selection method
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Table 1 Comparative experiment schemes for regional precipitation forecast selection
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Fig.1 The grid precipitation distribution above 1 mm
around Shandong Province from 15:00 BT
to 16:00 BT 20 June 2019
(a) precipitation distribution around Shandong,
(b) corresponding numerical values
of the three rain areas (number, unit: mm)

(A, B and C are the three precipitation areas in the

north, middle and peninsula of Shandong, respectively)
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Table 2 The best precipitation forecasts from 15:00 BT to 16:00 BT selected
from RUC forecasts starting from 08:00 BT to 15:00 BT 20 June 2019
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Note: the best forecast’s format: DDHH. lead time. For example, 2013. 3h denotes the 2—3 h forecast of the model starting

from 13:00 BT 20. same as below.
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Fig. 2 Precipitation forecasts from 15:00 BT to 16:00 BT of RUC system starting from
08:00 BT (a), 09:00 BT (b), 10:00 BT (c¢), 11:00 BT (d), 12:00 BT (e),
13:00 BT (f), 14:00 BT (g) and 15:00 BT (h) 20 June 2019

3.3 KREMEKTIREL KL

R A B8 A i o RO A K1 e K R 3 P A
FLEHR 2019 4 8 H 11 H & KURI 5 5 5% mi 1L 7R
[E) A 7K T4 E AT BE AR R BR . DA 2019 4E 8 A 11 H
00—12 B 32 /)N ] B 7K $ 4T ok BE it o 72 /) i) % RUC
RYFEHT 1~8 NE Ry Wi &5 Rk ik, T
AR B K A R 5 5 s 3 BLASO6 /N B B K B =>10 mm
14 1 7K T 4T A T 1E LI

3 malamihh 7 6 HAFE MK T EX 8 H
11 H 00— 12 I 32 /]N i i K 1941 28 00 45 5% L Je TS
PR LA R . AT LR B IX 6 LA [R] X 58 U5 58
X & XHAF B 5w AR ] 10 mme DL 58 JEE K
PR A e DL 45 2R AN A [R] S 2 1 H bR G i ik 0 45
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116 118 120 122°E

116 118 120 122°E

E3 KRR ZExt 2019 45 6 A 20 H 1516 B =1 mm 5 P R /K T4 26 £ 25 51
()35 1 KK TR 2L 25 2R (2013, 3h) RS2t
(b) I3 2~ 58 6 Rk B e DL 45 R (2012, 4h) e 5200
(o) TS P57 e 7K Bl i P 45 R (2008. 8h) K 5 Bt
CRAHIR Xy 52 LR KRS s 000 R TR B KRS RUR B R BUE E R L T RD
Fig. 3 Comparison between the best precipitation forecast (=1 mm) selected from RUC with different
intensities of precipitation and observation from 15:00 BT to 16:00 BT 20 June 2019
(a) the best forecast (2013. 3h) of Test 1 and observation, (b) the best forecast (2012. 4h)
of Tests 2—6 and observation, (¢) the best forecast (2008. 8h) of TS score and observation
(The shaded denotes observed precipitation grid, the red denotes

forecast grid signal, number is no means, same as below)

116 118 120 122°E 116 118 120 122°E

Bl 4 201946 H 20 H 15—16 B =10 mm d5 P R 7K TR 45 2R 5 H b U4 B 52 B0 (9 X be
Ca) i A7 1036 J7 52 B K U i A0 45 2R (2013, 300 J2 5
(LRUC £4>1 mm 20 H 12 i} 3~4 h /K FiH KL
Fig. 4 Comparison between the best precipitation forecast selected from RUC
(=10 mm) and observation from 15:00 BT to 16:00 BT 20 June 2019
(a) the best forecast of all tests (2013. 3h) and observation,
(b) the RUC (=1 mm) 3—4 h forecast starting from 12:00 BT 20 and observation
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BT HRS R kU a R 22 GRP I AR
RN LR A TR AL E R AL T TS ¥ 0 1 4 26,362 Yk, 11 H 00 B A 02 B Y 2 115 25
CRPMHLT A . M5 6 AR R M TS i¥aie R I T SR REOA TR J7 Sk U 45 R A7 15 22
DL R 25 S 48 00— 12 I 7B /N TR 6 10 45 S A BT A R
F AT =2 GR 3) M2, 36 2 ¥,y 11 H 01 BT 09 B i e i 45
[2R.369 %05 11 H 03—08 Wy Al 10—12 i) MWREET AR LA Ty Rk 45 R B AF 2 5=
MBI A SR . R A R LS R AR — 8GR EE0 AR SR e s RaF T TS ¥4 .
T HERN R A RS 7 Rk L RS TS PRor ik 30O BRI = I A5 R BEAT RS EE o AT

£3 AERWA R 2019 £ 8 A 11 B 00—12 BHE/NEF =10 mm Bk FIRE R SR
Table 3 The best hourly precipitation forecast (=10 mm) in 00:00—12:00 BT 11 August 2019

T B i) / g 1 e 2 5 3 g 4 g 5 55 6 TS ¥¥43 o {2 5

CHH#E (A1BD) (A2B) (A3BD (A1B) (A2By) (A3B) HEAL

11.00 1018. 6h 1021. 3h 1017. 7h 1023. 1h 1021. 3h 1021. 3h 1021. 3h (S
11.01 1020. 5h 1020. 5h 1022. 3h 1023. 2h 1023. 2h 1023. 2h 1022. 3h 12
11.02 1020. 6h 1020. 6h 1020. 6h 1020. 6h 1023. 2h 1023. 2h 1023. 2h IS
11.03 1101. 2h 1101. 2h 1101. 2h 1101. 2h 1101. 2h 1101. 2h 1023. 4h T2
11.04 1103. 1h 1103. 1h 1101. 3h 1101. 3h 1101. 3h 1023. 5h 1023. 5h 12
11.05 1102. 3h 1102. 3h 1102. 3h 1102. 3h 1102. 3h 1102. 3h 1023. 6h 12
11.06 1023. 7h 1023. 7h 1023. 7h 1023.7h 1023.7h 1023.7h 1023.7h 12k
11.07 1023. 8h 1023. 8h 1023. 8h 1023. 8h 1023. 8h 1103. 4h 1104. 3h IS
11.08 1101. 7h 1101. 7h 1101. 7h 1105. 3h 1105. 3h 1105. 3h 1100. 8h 12
11.09 1105. 4h 1107. 2h 1106. 3h 1105. 4h 1106. 3h 1106. 3h 1101. 8h I 2
11. 10 1107. 3h 1107. 3h 1107. 3h 1107. 3h 1107. 3h 1107. 3h 1105. 5h 12k
11.11 1108. 3h 1108. 3h 1108. 3h 1108. 3h 1108. 3h 1108. 3h 1108. 3h 12
11.12 1108. 4h 1108. 4h 1107. 5h 1108. 4h 1108. 4h 1109. 3h 1108. 4h 12

T B4 R A% X DDHH. B0 i 20 350 B 1] 4% 25 382 v in T a4 A 7 R 7% 30 0 205 SR 20 2 IR 57 Ak 0% 3 O 25 1L e LAl 7 1
FoR A I R R A —E
Note: the best forecast’s format: DDHH. lead time, similar to Table 2. Italics with underscores denote the poor selection forecasts, bolds

denote the best selection forecasts this time, and the others denote that the selection results agree with each other from all the tests.

B 55 H T 1 28kt 5 R B AR —F0 1934 (1023. 4h) FI 3L F B b ¥ 4 19 2 I 45 SR (1101, 2h)
AR A, L 11 H 03 B F1 07 B 1 36 4 45 5y Szl B % b AT L & IR 03X 9 9K R B AR S AN R IR TR
i, [ 5a.5b 489k 11 H 03 B TS $E4F 3610 45 H [ FHR o 1 T4 45 S (P P 21 fa, X ) JLF- 58 42— FE

37

36

35

li() _ lig 12‘0 léZBE li() liS B liO I‘ZZQE
B5 T e & 5 i B A 92 DL 2 o0 Al
(11 [ 03 B TS WA 45 5 (1023, 4h) , (b)Y 11 A 03 BHKEE 1~1K36 6 AL 45 5 (1101, 2h)
CREFIE X =10 mm J2B0RE KR 55 2160 X 0 R TR K KRS min &
Fig. 5 Distribution of the best precipitation forecast and observation of Type [
(a) the best forecast of 03:00 BT 11 August 2019 based on TS score (1023. 4h)
(b) the best forecast of 03:00 BT 11 August 2019 based on Tests 1—6 (1101. 2h)

(The shaded denotes precipitation observation Z=10 mm, the red denotes the corresponding forecast grid signal)
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BB MR T 10 mm DL _E K B A A9 E 17
Ao Wi 5 58 OL AT, R Wil 19 10 mm
DAL [ 7K S B850 52 B0 A /0 o T e 2 B T H AR X
SRR A5 3 (B S5b) X 575 b A5 v A 10 Ja) e
TRV XA AT B0 1 BT

SrAT 11 H 07 BEAS[R] Ty 5 1Y ad DI &5 2R A0 52 Bl i
DX A R LA B PTG D 3 28 36 10 45 2R 1Y 6 K T4
Iy AT I AR — 2,

R I 2 2 R #E AT 2 A, B 11 H 00 i

122°E

02 B IR AL L I 28 3 T HAR X AN R 7 8
WL R 22 . M B 6a~6d ATLL L, 11 H
00 BH IS 1 ML R4S 5 (1018, 6h, [l 6a) 5 2% . K
T B 2 0w EE L 3 L 45 A (1017, 7h, [&] 6b)
WA BICHE BRSO I X AT SR 25 K. I 4 ik
PRg S (1023, 1h, & 60) K Wk B 8046 A B4
PO H R RS . R 2 R0 5 R 6 & TS W4
eSS (1021, 3h, & 6d) 1) B /K Tl 4% 5 52 00 Fc b 52
T S B 7K i DX iR 32 AR A A Ty ZR RS R TR AT

Bl 6 W& 5.{0% 1124
(a)11 [ 00 FHREE 1 A P45 5 (1018, 6h) . (b)11 H 00 WX K 3 AR 45 H (1017, 7Th),

()11 H 00 HHRAE 4 B2E L4554 (1023, 1), (D11 H 00 BHAR 2 385 5.3K5 6 & TS a4t 454 (1021, 3h),
(e)11 H 02 BHKHY 1~if%e 4 AYEEMELE R (1020, 6h), (D11 H 02 B % 5385 6 A TS PE4F #0845 - (1023, 3h)
Fig. 6 Same as Fig. 5, but for Type I
(a) the best forecast of 00;00 BT 11 August 2019 based on Test 1 (1018. 6h),

(b) the best forecast of 00:00 BT 11 August 2019 based on Test 3 (1017. 7h),

(c) the best forecast of 00:00 BT 11 August 2019 based on Test 4 (1023. 1h),

(d) the best forecast of 00:00 BT 11 August 2019 based on Tests 2, 5, 6 and TS score (1021. 3h),

(e) the best forecast of 02:00 BT 11 August 2019 based on Tests 1—4 (1020. 6h),

(D) the best forecast of 02:00 BT 11 August 2019 based on Tests 5, 6 and TS score (1023. 3h)
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& 6e.6f Z5H T 11 H 02 W AS[E] Jy 25 1) pE A1 &%
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X CHBR B AR FEFE AT X IR K 4R S F 20 1)
25 78 A TR B 7K B bR R 52 R FE 9 3F 43 AR (B 7 %8
I 1~K50 3D, 80# HARX 2350 TS 374 4L
FIE/NCA R AR 15 O ¥R R K
FEL A 7K % DX 1 2 M L 5 38038 10 &5 R I K T 41 s e
CPig 1] 7N DX o T DX 338 0 i A T ) R 7K 7 IXC
T AR AT R (B, J5 52) JF 42 5 H AR X 5 0¥ 43
) TS P50 B L S5 35 0 T R /K 39041 38 0 245 3R Gk
5 55 6) . Uk B4R i H AR X R4 TS W40 AL

116 118 120

I FL43 HR A 40 2 00 BB T S48 5 I 3,
VTS £ L T

e 7 4 T I 2K e K T 6 R 4% B e B {028
HT 11 H O RO BUR M R4S ) L K4 AR
ST AR 25 B4 T TS WA, Hi ] 7a~7c ]
WLk 1~k 2 B9 045 (1020, 5h. [ 7a) i
R A B, R 3 A TS W4 2R 10
£5 (1022, 3h, [ 7h) WK T A BT ot o 7 4 o
fiAL T TR 4~ 8 6 ¥ O Y W ok T4 45
(1023, 2he [6] 7o) B % £ B0, B4R F 45 15 90 00 T 4
1 0 4« B 19 7 B4R I O T (10 23 i
1~2 b B Rt 645 9% X 4R 46 125 L 7 7O
ERIRE RNl

M 3 FIPE 7 e sk 40 b h g T LR B 3
T AR G 0 2 08 45 45 T TS 3840 0 ik £ 2
(11 H 01 IR % 4~ 6). 11 H 09 ik % 5~
B 6 B PEOE 45 9 (0L R M) . L T I b et 4 1 1
T 2 TS VP4 By 2 0 7 5 TR 6 2 T
CHP RUC H45 I 18] B I 35 5250 ) o A 53— 4> fA J2 6
BT B AR XSG 0 I T 4 IR kR T
A

116 118 120 122°E

116

120 122°E

7 [AE 5. AR
()11 A 01 Al 1050 2 P REML 45 4 (1020, 5h) . (b)) 11 A 01 K5 3 il
TS PFAFEML S R (1022, 3h), ()11 H 01 B 50 4~ U5 6 eI 45 R (1023. 2h)
Fig. 7 Same as Fig. 5, but for Type [l
(a) the best forecast of 01:00 BT 11 August 2019 based on Tests 1,2 (1020. 5h)
(b) the best forecast of 01:00 BT 11 August 2019 based on Test 3 and TS score (1022. 3h)
(c) the best forecast of 01:00 BT 11 August 2019 based on Tests 4—6 (1023. 2h)
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W a5 35 B IR A 53 A7 1 25 2R — B0y, B H Br x
G TT LA A H AR B I BEE R TS 7
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Xt G TR T X IR 4 398 T A e 6 e K
R B

x4 AEIRWAZRI 2019 £ 6—8 BF /B =10 mm
Pk MMIEMRE R FH TS iF5H
Table 4 The mean TS score of hourly precipitation forecast

(=10 mm) selection from RUC in June— August 2019

S8 B i 1 g 2 g 3 g 4 5 5 5 6
(A1BD) (AyBD) (AsBD) (A1By) (AyBy) (AsBy)
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