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Analysis of the Spring Maximum 2 m Temperature

Forecast Failure in Shanghai
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Abstract: Based on conventional surface and upper air observation data, the synoptic-scale circulation of
the maximum 2 m temperature forecast failure in Shanghai during 17 —18 March 2015 is analyzed. Using
the real-time observations and numerical weather predictions, the causes of the forecast failure are investi-
gated. The results show that the failure of the cloud cover forecast on 17 March was the main cause for the
forecast failure. Meanwhile, the enhanced southeast winds further enlarged the forecast error. On 18
March, the misforecasted occurrence time of cold air advection into Shanghai mainly accounted for the fore-
cast failure. The problems and recommendations in the forecast process were addressed, with the emphasis
on the discrepancies between the real-time observations and the forecasts, forecast jumpiness and forecast
uncertainty. Forecasters should have paid more attention to the real-time local and upstream observations,
and different lead-time forecasts from different models. More important, operational ensemble forecasts in
a probabilistic sense were highly recommended instead of traditional deterministic forecasts of a single mo-

del. Therefore, it is necessary to systematically assess the ensemble forecast performance, develop new
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application and interpretation of NWP products, and provide more products of multi-model ensemble fore-

casts with uncertainty information in public weather services.

Key words: maximum 2 m temperature, forecast failure, forecast error, ensemble forecast, uncertainty
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3.1.2 TRk BRIRME

M1 ] DU B[R] — K 14 i s i T4
AR 2 ) 2 A7 AR BOR A 22 5 B 28 ) — A A
7 A 41 N [R] 2 [ 2% 77 £ — 2 1 22 5 (B4R Bk Bk
P S B B30 T 0 28 22 5 W i T LB AL IR A

A B SRR S 2 5 S B0 e B AT IE L TR AL S
RS W A g U U . B T 18 H
T R U AR AR X R 507 15,16 A1 17 H 3%
Ze =K 20 IR B A R BEER M R b 15 B 20
I A 1 5 He AT S B0 ELA B 5 TR B A R



72 A

% F R

HAMAEY /3B . TR 51Ny - B T AR AR DX
21 T AR Bk R K (dn L 18 H i AR AR L 15 H
20 EHM K 17.9°C, 16 H 20 BRI Ky 26.9C, 17
H 20 W& 19.9°C)  HEE BN K AT AE 8] B L Hif
— RABAR DX X e e T 1) 4R 12 28 A R (S L
Jy23.1C,15 H 20 iR 19.3C.16 H 20 i
R 18.7°CH AR TR AR 22 7] BE B SR K, TR
ERANKATUSF,

I3 Ao X bl = A A 0 B R A Rl R S
Bt ) A Ak 1 T2 2k (L 6) o 43 BT AR AR X3
T 18 Higm Al ZE R . 15 H 20 B4,
Fiidi 18 H A& 200 H Ky M W 4% B K ()& 6a) , R %5
ARVER 22 . Hb 17 % XUB ()8 L, 18 H 06 B 76 45 3t £l
i B IRV S G AL i G IR T R B 2RO R T ) 2 XL
[FD . ik 18 H | Rl =2 7 i AR TR R
17.9°C, 1 16 H 20 WM. Hidk 18 HIRZILH K
S BT R A 6b) 2R 28 bR 0 ) 4 25 {H 2 b 1T
BRI () L5 18 H 16 B 245 A h i 21 76 7 UG Ay
VGG AR S X A O e R B - I R R AR R A
ARV A AR 32 21 B8 F 3 52 W0, I AR TR ok
26.9C, 17 H 20 B &2 ny 18 H i %L K% R4
5 T A s 220 R 4 1 R s R 0 T A AH B A — 2
08 BRI ZHI A PR . Z G WA 2 = H 2 7E 15 B
ZJE i 2 2 20 KA RS W, il 18 |
Wb 10 B 2 A b T RG] AR e AR e AU S P X A
LT o B A e AR I e v IR 19, 9°C L S A
BARRZEATHA A T AR WAL L FAF19.6 C,

31°45'N

31°307

31°15"

31° -

31°45"

121°15"

B 5 2015 4F 3 H ()17 H 05 B AI(b)18 H 05 W | i b & o1 b X b 187 X373 25 Aii [

Fig. 5 10 m wind observation in Shanghai and its surrounding areas

at 05:00 BT of 17 (a) and 18 (b) March 2015

121°45'E

8 2o Xk A 7] 7 41 I U A8 6 L 2 A A5 1 L B2 IR 18 H B
1 i 5 B ) PR 3R R - 3 K s R L ) AR
X0+ Tt T 2P DXL ] 2 L O AT 9 O B . AT
AT 57 A i A A0 S5 B0 0 P O 32 B S L 3
DX S 0 RS o A W v e 14 A S T R =S R T L
TR S ]
3.1.3 TRAR A9 R AR M

TE H Rl 55 AR o (8 T 45 22 9 75 2 A o 1
PR » Bl O3 A 46 5 BRI B 2 S % £ 58
A BN A B RE 8 4 1t — el i DL T
{1 T A FIE 7 o [7) P Xk £ & 041 25 180 5E A0 A8 R T0U4T e
A S Wk 1) T4 AN B E PR LR SR S E AL . AL E AN

24+

————— T925EC
204 . ———T850EC
N N T925GFS

16 //'/ \ ——T850GFS
N N4 ///

0 T T
16-20 17-20

T T T
18-20 19-20 20-20 21-20

fi=ta] / F -ff
K4 201543 H 16 H 20 B4R A EC F1
GFS # 1l 4% 850 11 925 hPa i J&F
T 417 i b 1] A2 Ak 1
Fig. 4 Time series of 850 hPa and 925 hPa
temperature from EC and GFS control forecasts

initiated at 20:00 BT 16 March 2015

el
32°20" N—

&
32°
317407
31°207

31°

121°40'E



1M i

B Lig X B

T e R TR 2R S 491 03 M 73

R RN E E N EEE EEEEE

00 06 12 18 00 06 12 18 00 06 12 18
16/3 17/3 18/3 H/A
I&FiE] /BT

S S RN R R e
12 18 00 06 12 18 00 06 12 18 00 06
17/3 18/3 19/3 A/H
kil /BT

= 2= : =

‘[7) t T < % % 1< T 7 == e 7

00 06 12 18 00 06 12 18 00 06 12 18

18/3 19/3 20/3  H/A
fifa] /BT

6 2015 4 3 1A AR IR ISR o A K
A3 ALl b THI 5 2 3R T I [ 28 b 19 F90 412 1t ¢
()15 H 20 4R (b)16 H 20 W24 .
()17 H 20 B4R
CLLER ML 2 S B O AR
HAR S KK D
Fig. 6 Time series of surface temperature (red line) ,
pressure (blue line), relative humidity (green line) ,
and precipitation (bars) at Xujiahui Station from
SMS-WARMS (2nd) prediction, initiated
at (a) 20:00 BT 15, (b) 20:00 BT 16, and

(¢) 20:00 BT 17 March 2015

RS (2010a) B 45 M U4 B3 AT RAAR 415 45 45 A 5% 1] )
BB R/ A B I T I 114 041 7] AL 6 2 WP
R RNOA 4 TR AR 8 AR Y AN i R R L B AR
AT A SRR

ARSCHEIFR 1 48 h Fide i R xF 17 A 18
EE= AR T 4 S SNIDILR NI DRVQIUE SERiTE(
BEAT AT BT R X A A TR TR A e e R A
ANEURARIHES I - 22 () 25 2 43 TR 5L 08 ) B fie iy

SWEETZ 2 m KW 10 m KA RGE | 2 1 0 K TR
W 5, 36 2 sy W T AR R Y O B,
SR A A S (1 N/ W = A

BT (Th) — B HEUE (08)
=i B AR A R —
AR = O (To) » 85 BUE (08)]

(2

BEUE AR RS R T s R & A B Z S 08
BFAF B 32 34 A8 S 7 2 HIORE A2 1 K CIEARD) 38 2
ANCERARDD o T H RN S e 1 2 RS O 7 1R 22 4k
R BE

M 7a Hra] WL EC &8 5 T 8 fLdi iy 17
HOo8 M 2 m LA 12~13C KT, 5350
13.1C #ik, HBHUEE /MU 0.62C 510 m KH
TR ZAE 3~5me s MM I mes K .H
BHUE R /NO0.81 m e sTH, EK W] EC 4 FWk
IRGICI 10 mo XU R /N T4 A7 76 W1 I 19 3 46 1k A
Ko K T AR R & 2 10 Rz . X ey
T, IWBEKBHORE . KR il 7 17 H
02—08 B4 1.5 mm LT A9 55 [ K, 5 52 50 TG [ 7K
BEAERENRTFAE—ELER. £R2P 17 H 08 I
i e IR i A I 220 ) B R A AR AR I O T A R
W it 041 P 8010 R A, 8 ARG R AR I S 1 o
PEZ WG K. B Te o EC #5484 Fldi it o3 il iy 17
H e ORAE 14~22°CL ¥R F iy 23.1CL10 m
W FTARIIAE 4 m o s A AR 1 m e s™!
s K s AE DN XU 431 R 7 5 A 1 2 XU 041 K /) 11
5L H e AR PAROBR = (20 C R B s AR T R
S H AT — > B TR XU /M S e AR AT S8 i
A% L5 PRS2 12 B 53 TR A R /K 323K 1 T 30 mm »
(6 b))t Qb R B K X L R A R 0 22 5 R ) T A
XTHE . N EBHORE Bk 179 Ll b, s
{90 W% 2 (L J2% e e = 90 R ¢ 8 1) B % T A L 08
I 2 B AR A B s/l T i T R A WA T I &
TN 08 I 28 i ey Al I 20 1) B K TR R Tl
et 7K B 38 8 5 1 R 7% G o ey AR TR A A A1 R 43
¢ fe ST TR v 1 8 A 28 R AR A R

2 2 v 2 o R K R 1 T AR Ak e i K
THAbAZ T H oy, RPN 17 H 08 I 2 5 = <
Tk R A B 2] 5 R 225 bR YO R A KA T o A A 1) R B
s HLAS 5 P I s ) 328 1 O, oz 5 | 7S T O 1)
i T AL L R 1) DG T A AR R AR B 2 A R 2 bR R
5/ - RV

Kl 7b Hh EC 25 45 Bdl il 51 il i 18 H 08




74 A

% F R

B 2 m SR ZAE 13~17 CRiz, 55400 16. 4 CIE1E1%
X a] o H B ELRE (1. 81°CH AR K510 m KU il 4t &2
FE2~6 m s T SE R XL AR TH AR AL B B 1 R
BEPER A, B R K (1.53 m « s D) B AR
TR AR B B2 08 B 22y V5 b A 78 KL, H 25 o 48
2 1M 5 oy R PR A 3 A R 08 I 22 2y 4 i A
W s, B SO SEBL g A T AT 18 H 08
B A3 SRS A B K S T R 2 L 06 1 0 ) XL g 8
Sy PG XL s B ZK TR R B R Zr o1l 7 18 H
02-—08 I Ay B (H B HRE (4. 31 mm) K., [ 7d
H EC #5554 RS0 B4R 19 18 H fie i Il AE 14

(a) 20150317 08

</
C

Pk /
m-s’'

NG|
S 5 2zFHrE cw ks aomheg
;

LA F e

—_

%

B/

O = =

ok =/
mm - (6 h)"!
Scuho

oL ) | I L L I L "
1 5 10 15 20 25 30 35 40 45 50
Al

T,
5 © 20150317 T,

A A A

JAa]
EZE0E cubsoe

B/
%

© ©

S &

S
=

w
S

Bk, &
mm - (6 h)™’
IS

whiol o0

15 10 15 20 25 30 35 40 45 50
o

—_
SO

~26 C, 500 18. 9 CYEAEIX X E] H 510 m JKUjd P4
WFE3 m e s "RLEL RSB T mo e s iR X
i) T 41 .75 R 7 i 57 429 2 % S G B IR T B X
i P i 8 LA B 5% R 4TS A 74 g i G XL 2 B
o 23 U M I B T d e Ul IR R R BOR . A
o TURORTE B HRE FE 08 I B K, die v AT AR
AR BB AT TR 3 K 2 T At 8 B3 U 941 3 7K
SR VLR R A B sl A A TR
Tho T A K T 0 A 75 s R J8 5 TR 08 I 2 f
ol I 2 558 KL SR DA AT

— B OLR B8 A TR I A A A TR 1Y S

25 (b) 20150318 08
~
m\ngO*
o By
10 | | | | | | | | |
o
e 3l
w
= | 5 P
é% | e
N7 e e A A RO O A AR
~ 100
s sol VvV N
:D::]T 0 | | | | | | | | | |
27
2210
& g 8
g8 1 5 10 15 20 ‘25 30 35 40 45 50
(d) R 20150318 T,
3 ;
Eo 20:’/_’4_/—'—""’_’
i 1510
10 L L L L L L L L L L
_ 8
2 4 |||||||||II |||||| ||||||I I“Illll““lll“l"lll
g j
W
£ S [N RN AR NNy
= E FEEEEEE TR R e E e e e T e
NRLLCCCLC L LT
~, 100
1
:E@—‘ 0 I I I I I I L I L
N9 8
# o 6r
_yz\‘\-/ 4,
& o (2)
g 1 5 10 15 20 25 30 35 40 45 50

I}

Bl 7 2015 4F 3  EC &4 Wik 45 B0 R AR K00 2 m <l
10 m K3# .10 m KU 3 7 R K 3R
()15 H 20 4% 17 H 08 Bf,(b)16 H 20 BFE4R 18 H 08 .
()15 H 20 W4 17 H & R e 20, (D16 H 20 B4R 18 H J5 i i B %)

Fig. 7 2 m temperature. 10 m wind speed. 10 m wind direction, total cloud cover and

precipitation rate at Xujiahui Station from EC ensemble forecasts of each member
(a) 08:00BT 17 initiated at 20:00 BT 15, (b) 08.:00 BT 18 initiated at 20.00 BT 16,

(¢) the maximum temperature time on 17 initiated at 20:00 BT 15, and

(d) the maximum temperature time on 18 initiated at 20:00 BT 16 March 2015



1M i

B Lig X B

T e R TR 2R S 491 03 M 75

R2 EHERBHETZULE

Table 2 Spread and its variation rate

A ] 15 H 20 i 16 H 20
54 17 H 08 i} 17 Elﬁ%‘/ﬁ*‘/ﬁ %’?ﬁﬁ(lﬁ 18 H 08 i} 18 Elﬁ.%"ﬁ“zﬁ'l Eﬁﬁﬁzrﬁ
B i 221 B 1 A Al BIHUE I 20 5w A Al A
2 m R 0.62C 1.63C 162.9% 1.81C 3.32°C 83.4%
10 m X 3H 0.81 m=s ! 1.18 m e« s ! 45.7% 1.53 mes ! 1.22me+s ! —25.4%
10 m JX[f] 10. 28° 20.33° 97.8% 51.63° 23.02° —124.3%
B 0.02% 0.89% 4350% 12.85% 23.79% 85.1%
[k R 0.17mm=+ (6 h) ' 7.09 mm=+ (6 h)! 4071 % 4.3l mme+ (6 h)"! 1.39 mm=+ (6 h) ! —210.1%

JEE IV 12 2% ET 0 K5 T 18 AR T ) s A R ) R
fEBR T 2 m SJRALE = 5 AN, 08 B Hildf 10 m K
B 10 m R i A 7K 248 1 IR 4 KT S AR
Zl, FEOEEUE AR R A Hop, KRR
10 m XU ) 19 25 30132 A8 Ak 6 2 X (B 55 K 38 B3k 1 >
TR YA PR AR B O X P R AR
F14) B2 ¥4 225 S A 5 W) R A K 4 45 1 B D 5 T R AR
JE AR A2 MR, DR TR O3 B0 56 3 08 B 45K
SELR NG DL KR S 0 Ok S W 8 TR 45

£ EC £ 4 Wik 16 H 20 WA 18 H &5 &
SR RS SE A (16, 8°C) d5 45 3T T O 25 Bk
KPS B 53 AR A S A 8 51 (il 16. 8 CH Al
B 22 R (Fi AR 25. 5°C) . e i A A0 B4R 5 455X
)2 BEZR 52 56 R % U DR I X e A A A 2 A 5%
TR A ARG 2 1R B S O L AR X T R RN R K 2R AT 40 T
18 H 08 I} 1000 hPa fmj &AL , fe £ o 25 B B Y 4%
R W TR e T o R SR B AN IR o N
RFLA T LI X (B 8a) , RV KT ¥
M) = Vg, ¥4 5 I A0 e [ BB 5 T e 2 L ) R K
P B AL (B 8c) s r F VL I3 g 3 b A7 4b 78 55 1)
M S 37E X P R 2 1 2 A S s T i A B AT 1
v b DXV S R R R T B 25 AR 5L (BT 8ed . AN
RO 18 H 0208 I (14 B 7K 04 /s f A A 5
PR E WX A 1~ 10 mm (4 K . T 5% 22 5 51 )
X T 1 mm PLR B 55 B K, B K 58 B - d5 A
PARUACE: SRS SV N (=Y (DO RNl S PN
ok e 0L B4l 18 H 1R 1000~850 hPa 1y
AH X B ARk 2] 90 % LA L (&l 8b) , i fi2 22 A B Wi 4
FIMIAE 75 % ~85 % (& 8d) » B~ A B3 4 22 L /R
1 18 H [ KA X BE Tl 1) 22 S K (B 8D

3.2 HEeABlgt

% 3 2007—2015 4F IR RILEFEZE (35
A5 ASCA B AL 5 i AT 3 0 R IR 22 R

ACLL ), H EC A5 HifiRZBHERKACL
T 11 A BRI B G35 B 2012 4R DLAM iR
JEE TR R WA AF R A & A . IS4 i A 1 A
L RASARDE (= i BRI RIS ) B ¥ 23 SR i 1Y) T4
SO R 25 5 TR BT MR R . 7
0 A L S 0 AR R 1 A 49 R S 1—4.8.10)
BRAN ] 2 LASR . b & A Y S0 25 0 2 B 3 0 T
i 24 o AT B A A A0 T S ETSC 2015 4R
31T H O TR SR I R AR [ A ] 2 O dy R
T R /N B TR O 22 5 B0 - 5 3 b S R A
151 11 S RS ) (33Xt 2 2 5 380 g o /TR 94 2R
(0 J5 R 22— o 7 3 00 39041 b S 00 A 5 1 4 81 R (A
B 5—7.9.11), FF B F 9l = & 3 1 0
W 2 AR TR BT A 6 561 3¢
2015 4F 3 H 18 H i 4 2% 0 st BRI AR BLL B T R =8
ARV BN LB 22 LLAN B Z 3 TR 5 R
A 5 ) o 5 B80S 0 1 e s TR B = O T8 42 R 41K

M EC 4 & s SO TR 00 B BUE R B bR
2010 4F 4 1 9 HEY 0. 99 C LAAM, HAHAE 1C L
228 EC 5 A f5c i S0 PR 10 7 T 55 K, 3R W
I5e 15 AR B AS 0 5 1k A K 7 B 5 | S AT B Y R
M

3.3 MR MERHNFE

PN S 53 B 0] LA s B0 A = 4 ) Bk BR
PEFIAR A5 TR T B e 1 A6 P #R 1 O TR SR A A
FAMAE B FEL 55 T4 b 75 22T K X R B2 19041 1)
BE BRI & TR 43 BT ie Wi = i, il an, S Oy fiE
T 53 PR kT 5 A 2k B A e ORT  E X TR] —
R Y I 85 0 T % () — A AN [ B o e 41 1) 22 25 T
XTI P2 A (K 6), B % Zsoter et al (2009) fY
Jumpiness $8 % J fiif 5 B K B4 A9 Ehret (2010) (1)
WSl ig % Lashley et al(2008) ) i 4 Ui S 3F 43 , %
Xof ik JBE FUHR I & A L ) AT Bk R A K50 i R Bk R



A4 B

A
e

76

850—

1000
18:20 19:08

125°E 16:20 17:08 17:20 1808
fit ] /BT

B Y O g
76 78 80 82 84 86 88 90 92 94 96 98 %
0 ; - o i o=

115

1000 : ‘ A L
115 120 125°E 16:20 17:08 17:20 18:08 18:20 19:08
Il /BT
—|
0.1 1 5 10 15 20 25 mm 76 78 80 82 84 86 88 90 92 94 96 98 %
~ |

£
< 9254
N
L
1000 T T -
115 120 125°E 16:20 17.08 17:20  18.08 18:20 19:08
kiR /BT
WEEETTTT T T T T I T T T I T T T T T -
8 mm -14 -10 -6 -2 2 6 10 14 %

-8 -6-4-20 2 4 6
B8 ECHESTR 16 H 20 e 4k 5310 0k 1 T2 B2 V- Tk A X 1 2 e 7K T i
(a)18 H 08 Ml fge 5% 1000 hPa i B V- Ui (A5 B 20 Al K (L) i 4l »
(b)Y e R 1000~850 hPa AH X #2 BE Fi 4l (L £2) (1 i [R] /7 41
(c)18 H 08 Mz 22 i 51 1000 hPa ifft B2 Ui (55 (B 20D FI R /K (I 68) 4R
() e 22 J 51 1000~ 850 hPa AH X Wk Tl (I 64 (¥ 1 i) )3 371
(e)18 H 08 M fr A i b1 5 B 72 i 5t 1000 hPa Jif B - Ui (A5 B 40 Al ek (B8 B4R 2216
(D e B0 5 8 25 BT 1000~850 hPa A X I B2 0 4% 2 B (I 68 1 if [7] ) 51
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