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Abstract: In order to evaluate the effect of refined multi-model objective consensus forecasting service
products (OCF) temperature forecasts which are applied in public weather service, and analyze the causes
of forecast errors, this paper makes objective verification on OCF daily maximum and minimum tempera-
ture forecasts in China, focuses on large error days with high service impact and the typical case: tempera-
ture-drop days, and also makes comparison among OCF, ECMWF and NCEP. The results show that OCF
daily maximum and minimum temperature forecasts perform better than models in the consensus generally,
and the forecast accuracy is higher in summer but lower in winter. OCF enlarges the range of daily tempera-
ture variation and effectively reduces forecast errors. OCF has fewer large error days than models in the
consensus, but shows larger errors in 2—3 d forecasting periods and winter half year. The large error days

of OCF are related to models in the consensus and obvious temperature-drop. It is found that the forecast
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performances of OCF, ECMWF and NCEP decline in temperature-drop days, and the error of OCF daily

maximum temperature forecast increases rapidly. In temperature-drop days, OCF effectively corrects daily

minimum temperature and daily maximum temperature in non-temperature-drop areas, but the daily maxi-

mum temperature forecast performs with obvious positive error in temperature-drop areas. Finally, based

on analysis above, the improvement direction for OCF consensus methods is proposed. The process verifi-

cation is conducive to discovering the defects of objective forecasts and methods of temperature consensus

and correction.

Key words: temperature consensus forecast, verification, large error, temperature-drop day
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Fig. 3 Daily maximum and minimum temperature (a) accuracy and (b) average error in each month

of each short-term forecasting feild from June 2020 to May 2021

3.2 OCF Ki2ZH3f Ltk o 47

3.2.1 KiEZ 8 HoH 4

T JMA fil CMA_GFS 4 A58 4. KL T
B K A HHALEE % OCF . ECMWE #1 NCEP Jg JF, R
PERTSCR KRR 25 H @ S Stk i pf B 1~7 d B
A TR 3 e AR L 2 1 KR 22 H B8 OCF 2y
608 d,ECMWF 4 753 d,NCEP 2} 1017 d,OCF %
w2 HH AR DT 2 MBI, OCF,ECMWF
1 NCEP 1y K 5% 22 H #5 Bl #5742 I 203 1 i 4 2
([l 42) \NCEP (1 K 1% 2 H 800 1 & 1 Al w2
OCF #l ECMWF &G4 :1 d B & K2 H .
Wi #/NT 10 d, OCF W% /b2 ~3 d B 3%, OCF K
W2 HE# ECMWFE £ 1/3 £47;4~7 d B3k OCF

KikZEH/d

1‘2‘3‘4‘5‘6‘7
TR /d

R HE ECMWE /> 1/3 7245, X UL . bl %5
TR R AE K OCF £ 3T 1 A 1 &0 I HAE
6~7 d B RLRCR BB & s 2~3 d B &% OCF K%
#HZT ECMWE, i g5 OCF £ il EHE AR A
Kb T 1~3 d B 3G IJMA fit CMA_GFS 2 5
T OCF fE R 1t Il 3 AT WL IMA Fil CMA_GFS ()
AR BE A I ECMWE, % 7] it & 5 80 OCF 7
2~3 d &R R 2 H 8 ECMWE Z 5 Z —.
HE— Lo B R 22 H 4 H 4346 (Bl 4b) &R 3L,
9—10 A OCF.ECMWF Al NCEP ) ki% 2 H # k.
BB A0 d LR, 2—3 H.5—6 AN T
50 d, NCEP & 7= 12—1 H By 1 6k i Al 5 W] &
HAAREE AL, 510 H WE, OCF iy KR 2 H %k
K% L FECMWEMNCEP, Jt H7—10 ] #i ] .

2507(b) mOCF
BECMWF
200 - = NCEP
N
o 150
i
#1004
X
504
0,
6 7 8 9 1011 12 1 2 3 4 5
20204 20214
"t

& 4 2020 4 6 H & 2021 4£ 5 H OCF.ECMWF #1 NCEP
(a) & Wl SOR R 25 B BE (b & H K2 H B
Fig. 4 Large error days of OCF, ECMWF, NCEP from June 2020 to May 2021

(a) in each forecasting period, (b) monthly distribution



LR

S S 455 45 - OCF UL W iR 22 H 1 X6 B 36 4 B 473

% ECMWE il NCEP /b1 70% DL b, sk (R 80 T H
B B 4 T IE R H 11—3 L. OCF kiR H
£ZF ECMWF.,11—12 A W% ECMWF i £ 30 d
£

M2, OCF Ki® 2 H B8/ F ECMWF f1
NCEP, JLHAE 4 d DUJg M B 2L .5—10 H W] E, K
R H & ECMWE #l NCEP /b, {H 2~3 d B} %,
11—3 AN ZF ECMWF, f it a] W, OCF £ i
IEHARFESRAN R E M 5—10 H HA R I 15k
BRI 2 & R AR R R 11—4
DS R AN S SR BT I A5OSR AR e 1 6 R (E AR
HE— R
3.2.2 KiRZ B 8RR TAHES M

Ry A KR 22 H AR S AL RRAE L 4% AT SR
A5 b AH 6 % X % OCF,ECMWF NCEP 7F 1~3 d

B 3045 KA 22 H RN 56 i B N % H 20 L S0 s AR
T - 257 1 B A8 S 3 R Ll 2R R AT 6] L (JB] 5a, 5b)
T 4 d BFRDL 4 TR Y R 25 HORB B TR 56 e B
B 1/3, AR RRAE 5 52 50X AR BT S AN T
JEVHE .

T & B OCF 4 i fidl 1~3 d Bf 3Kk 2 H
H R L S EE 3R ECMWE il NCEP DL R 52 3 B
B & ECMWF I NCEP 5 52 AH 4 ; OCF 7£ 1 d
B ECMWE 78 1~2 d B kiR 2 B d 8] 8 7HE
il A5 bE 3R A S 0 WY I v s A L Z R OCF 7E 1~3 d
HAR 22 H 1 B IR R AE 5 TH IR FRAE B 8

=Gt & WA KR ZEH R ARA
(KD HRRZEHMARE R, BRI 2.2
H AR TR H R E S Ge T A 3 Hp X 56 B S
AR H 39 d,JHE F 32 d. OCF Ki%2 H H i [

40 (a) coT g 40 (b)
= o o < o o o
301 o o g 301 . . I
X o o o o 8 - o
iﬂé 8 % 8
EE_ 204 JE 204
er_)':— ; . 15
E 104 " 11 10 Eo EX o s, . i.i 104 D“‘ 10° o o »
6 6% -
0 0
P EEEEEE P EEEEEEE
— o laal — ol o — o o -~ — [N] o — o o — ol o ~
iiiidigfgg® iiizdigng R
o O O o O O o O O o O O
s = R mom M
T R A PR AR TE Ry LR B R
B 5 20204 6 A% 2021 4F 5 A OCF.ECMWE §1 NCEP 1~3 d Bf 2t RiR2 H &
SEALRY (a) B B B TR L (b) B S TR o s b 2R
Fig.5 (a) Obvious temperature-drop station rates and (b) obvious temperature-rise
station rates of large error days in 1—3 d forecasting periods of OCF, ECMWF,
NCEP and the observations from June 2020 to May 2021
F1 2020 % 6 AZE 2021 £ 5 A OCF.ECMWF #1 NCEP Xi®% H # R B FK it (£ 4L :d)
Table 1 Statistics of temperature-change days in large error days of OCF,
ECMWF, and NCEP from June 2020 to May 2021 (unit: d)
. N OCF ECMWF NCEP
AR 5 5% - ; . = . . ; - . ; ;
KRRZEHE  BRH FHil H RRZHE  BRH Tk H K2 HE  FIEH THi H
1 5 1 0 9 1 2 77 11 10
2 26 10 4 17 1 6 85 11 13
3 60 17 10 44 3 7 103 13 14
4 74 19 4 103 7 12 146 19 16
5 135 28 7 146 12 13 172 22 18
6 142 28 7 202 20 15 202 28 19
7 166 26 12 232 21 22 232 29 21




474 A

%49 %

BHBAREBZ RS 1~3 dIBRIRZERD
200 LA b ARSI B R AR = T LA A
A~7 d H IR BER IR 22 H R 5 T KA 1 IR H
ECMWF 1~4 d KR H . JHlE HEBERH £,
HRERZE H b iy B IR H 2 25 8 b i 2 1) s NCEP
RiRZEH PR BT H £, 5 OCF 28, 1
A~7 d I BERIR 22 H T T RE R H .

B2 OCF KRR 25 H i R R AR 8 T TR I
FEd H o 1~3 d BFRORIR2E H 2070 LA 1 ) Bt
JLT- A i B 3 BB B 20 %6 DL B KR 255 M
ECMWF %&£ 1~4 d B % Wi 48 5 05 1) F 76 T+ B
PRI 2 NCEP KRR 2 H 2, KR AR AL 1k
FRAIEABIE . o] IUL R IR H 2 OCF A 4 A i
KR 2 H i SRR

3.3 OCF 7 P&iE H B BT (£ 8E 3T Lk o0 47

3.3.1 M B 5AEKR B TR £ 57

X EH E XS P 39 d BRI H S5 A i AR B IR
H OCF.ECMWF . NCEP 7 1~7 d £ % #i 4 1
H fe o A B AR AR p ¥ 5 AR 22 F 1 E
(£ 2) KT B P i IR . &8 OCF 5
NCEP H fz i <t H &AL DL & ECMWE 1
H B AR AR 3 J7 AR R 25 7 B B IR B IR H &R A
K CECMWE 8 H d5 i A 24 07 A 22 7E 3E R
H AR H 22 54 K OCF 7E R H 19 H R AR
Y7 B 245/ F ECMWE fil NCEP, OCF 4 %3]
E 3475 8% B 45 {1 OCF 7ER& IR H 19 H B & AR
¥y iR 22 KT ECMWE £ 0.03C,

6 1.0
(a) Wik 1 1 feit il 0.8 P
54 FifRARMSEZ i : fon
r0.6 4y
n 0.4 &
S 0.2 2
23 0.0 £
7 |l RS 02 E
21 045
O Fist HASOCF H 0.6 2
TR s el H H IR 0.6 Ip
B Bt HBOCT F A& Al B R MSE 221 —0.85
kR HIOCF AT it e 3
0 - ~ - - - -1.0
1 2 3 4 5 6 7

Tt /d

F2 220F6 AFE 2021 5 ARBEASEREAN
OCF.ECMWF #1 NCEP & %1 Bf %7 RMSE F# ($41:C)
Table 2 The averaged RMSE of OCF, ECMWF, and NCEP
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Fig. 6

(a) RMSE of OCF and the RMSE difference between OCF and ECMWF,

(b) RMSE of ECMWF and NCEP in each forecasting period of temperature-drop

days and non-temperature-drop days from June 2020 to May 2021



LR

JE A 4 4 - OCF AR BT R BR 22 H A X L As: 98 20 A

TR 2 d B AN H e R TR AT A AR T IE K
HRH 3 dRL RO B e e R O R 2 K
Bl . HOKF ECMWE, /] Rk 47 88 00T IE $ R ok
ik,
3.3.2 MR AEENH

SRy A3 AT I I R AR TR R 25 AR AR fR Y
KA AW T A R IR i S R R R R H
AR AT S, PEAT AR 1 X 3R 43« BT X 3R (AT <<
—4°C) THE R (AT =4 "C) F 4% I8 I8 BE AR K 55
AR IR (—4 C<<AT<4'C), 2 M H #6448 1
X% OCF,ECMWE ,NCEP ¥ 1~3 d %5 ] i B
(7 4~7 d e B (B H e SR H ik
SR TR e T PR 1R 25 0 5 A AT O HE B 3 (AE
<2C,H—2C<E<2C,[ 7a,7b & & X 3 .
FiRZE(E<—4C, & 7a,7b o i @ X 30 | IF R 2
(E=>4C, [ 7a,7b Hr a1 8 X 35 %38 45 TF 4 47

MBS H 9 1~3 d 5 B B H S5 AR T4
T 4708 i DX 38 1 5% 22 430 2 43 A1 AT UL (] 7a) L OCF
ECMWE \NCEP 7 45 78 i [X 35 (1 15 22 50 A5 55 1F 28
)+ oA Sk DX 114 2 3R 9 40 v 0 2R e T IR RN 5 AR IR
DX 3, 7 T T 555 A8 3 ) B R 25 A 22 o R I AR A
SEBLARAR s OCF, ECMWF 7 [ il X 88 1F 1% 22 19 1L
FRIN L A B TE TH IR DX 1 15 22 45 W 1R N 355 7

(a)

100 B O B OB ?—-—- %
i % = 3 S 7 I o
90 1 ' 1 i v 1% |
L L1 s 1% 15%]
80 [ O A P I
_ 70 |
i
JF;_“ 60 160% 65%|
R | fssw| e 5
50 £ 58%
= 7% 53%
¥ 40
i L
30
201 |\ | ]
1A iy 7% e
10 13% L
%) 5 = [5% | |
0 o —
A I A O S B A
Kl x| &K@ lK|K
WX | X |3
g I
OCF ECMWF NCEP

RS A/ Yo

ek DX 5 % 78 d DX 3T AR A S e v Y 3
J& OCF,

OCF .ECMWF NCEP H fi = < i Wi 4 % 2 43
AT TE 25 78 T DX 0 22 S 8 K« 4% T AE TR IR XY 17
T 22 0 A AR e R 555 78 L IXC S8 o AR L IXC A OF R
2255 T R 55 A4 i DS, JE K OCF B il X 80E
WRZEHCRE I N, 4 CLL FiR 22 R k8 T
2020, 1M —4C AT iR 25 RPN 3%, IE iR 2%
it ) WY 4t B OCF H i e A0 T4 7 36 3 DX 358 3341
i 5 5 OCF - H 5z e A0 A9 A0 I 041 o 4 238 7 o i X
Bk 68 % . B T IR X 3k (44 %) . 1 ECMWE
NCEP 1 1 904 5 S8 o Il X0 ey o 4% T4l
B % B - T IR X500 104 E A % OCF (68 %0) 1
F ECMWF(52%) .NCEP(33 %) , [ i X 38 <, & 1
WA ECMWF(70%) \NCEP (55 %) & T OCF
(44%) . ECMWF NCEP %f H 5 &5 . I T 7 15 1%
ACRL (IR 22) 1 H 4 OCF B 8 1 5 20 10 %%
P LUl W OCF 20T IE T ECMWE F1 NCEP fE
R TR H b H e i 0 R A A1 7 2% 22 i ) 5 {H OCF
FETE IR 55 AR X E R 22 R K ECMWE,
NCEP W] & ff 55 - 156 W] 7E IR H iy JE KR X 8, OCF
XiF H e e AT 0 BT IR SR R A R e A T
12 A 5 11 15 2 A0 17

100 (b)

= B = ==

%] [ [5% ] EA=s = - B
90 16%) 10% 1 [12%

16%
80 | [
33%
70 52%
y 29%) 55%

8% 54%

60 i/ C
ssu| | @ >6
50 63% 70%) o (4, 6]
L ™ o (2, 4]

40 L ' o(=2,2]

L — o (-2,-4]

OCF

ECMWF

B 7 it B MR H P AR IR X 1~ 3 d A B OCF .ECMWEF I NCEP /<, i 11 1% 15 22 8 2R 43 #ii
() H # AR (b) H B 5 <l

Fig. 7 Temperature forecast error frequency distributions of OCF, ECMWF and NCEP for

1—3 d forecasting periods in each temperature-change region of verified temperature-drop days

(a) daily minimum temperature, (b) daily maximum temperature
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