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Abstract: Based on European Center for Medium-Range Weather Forecasts (ECMWF) reanalysis datasets
and extreme forecast index (EFI) of ensemble prediction system, this paper analyzes the anomalous atmos-
pheric circulation and verifies the EFI’s forecasts for extreme cold event that happened from 21 to 25 Janu-
ary 2016. It is found that an anomalous strong high-pressure ridge maintained in central Asia and the
standardized anomaly of high-pressure ridge was more than 3 standard deviations and the cold vortex near-
by Lake Baikal was continuously developed and enhanced. As the revising of the transverse trough, the
cold vortex moved southward abnormally and extreme cold wave broke out in the East China. The verifica-
tion shows the EFI can predict minimum temperature signal 7 days in advance. With the lead time exten-
sion of EFI forecast, the corresponding maximum TS score decreases, and there are different EFI thresh-
olds for different lead time forecasts. Researches also show that the critical threshold of minimum tempera-
ture EFI for 5% percentile of the low temperature events (1—3 days) is —0. 6 and for 4—7 days the criti-
cal threshold of minimum temperature EFI is —0. 5. Besides, the critical threshold of minimum tempera-
ture EFI for 1% percentile of the low temperature events is —0. 7. Moreover, the different lead time per-

formance of minimum temperature EFI for 5% percentile of the low temperature events in Jiangnan,
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Huanghuai, Jianghuai and Jianghan Regions is the best, followed by the performance for the events in

Huabei, Huanan, Southwest and Northwest, and the performance in Northeast is poor relatively.

Key words: cold wave, standardized anomaly (SA), ensemble prediction, extreme forecast index (EFI),

extreme cold event
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Fig.1 Geopotential height (black line, unit: dagpm) and temperature

(shaded area, unit; C) at 500 hPa in Northern Hemisphere
at 08:00 BT 20 (a) and 08:00 BT 22 (b) January 2016
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Fig. 3 Geopotential height anomaly at 500 hPa in Eurasia during cold wave (a, unit; dagpm),

the standardized anomaly distribution of geopotential height (b) and temperature (¢) at 500 hPa

and temperature at 850 hPa (d) in Eurasia on 23 January 2016
(Shaded area means SA™>3 standard deviation)
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Fig. 4 Standardized anomaly distribution of sea level pressure (a) and 2 m temperature (b)

in Eurasia on 24 January 2016

(Shaded area means SA™>>3 standard deviation)
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Minimum temperature EFI for 24 h (a) and 168 h (b) valid time on 25 January 2016

(Red dot stands for site that reached or broke 1% percentile of historical period; green dot stands

for site that reached or broke 5% percentile of historical period,

but didn’t reach 1% percentile of historical period)
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Fig. 8 Relative operating characteristic (ROC) curve of different lead time forecasting of
EFI to 5% percentile (a) and 1% percentile (b) extreme low temperature event
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Table 3 Minimum temperature EFI corresponding to maximum TS for
different region and valid time (5% percentile)
IX 35 K 25 24 h 48 h 72 h 96 h 120 h 144 h 168 h
EFI —0.7 —0.7 —0.7 —0.7 —0.5 —0.4 —0.4
Al
TS 0. 69 0.70 0.71 0.70 0.68 0.69 0.68
Kt EFI —0.7 —0.6 —0.6 —0.5 —0.5 —0.5 —0.4
& TS 0.46 0.43 0. 44 0. 44 0. 40 0.38 0.34
o EFI —0.5 —0.4 —0.4 —0.4 —0.4 —0.2 —0.3
HOE LU
TS 0. 84 0. 84 0.83 0. 82 0. 83 0. 80 0. 80
. EFI —0.5 —0.4 —0.4 —0.4 —0.4 —0.2 —0.3
T/ o . .
TS 0. 84 0. 84 0. 84 0. 83 0. 83 0. 80 0. 80
EF1 —0.6 —0.6 —0.6 —0.6 —0.6 —0.6 —0.5
AT
TS 0.70 0.72 0.70 0.70 0.68 0.67 0.67
EFI —0.6 —0.5 —0.5 —0.4 —0.4 —0.2 —0.3
L]
TS 0. 69 0.67 0. 66 0.67 0. 69 0.68 0.68
S EFI —0.6 —0.6 —0.6 —0.5 —0.5 —0.5 —0.5
TS 0.72 0.73 0.74 0.72 0.74 0.71 0.70




1184 A

% 843 %

H SR 36 43 A 7 o Y TR N A AR B EFT X
I YR TE ] ok AR 1 TR SO (A [ b X EFT 3% 2%
RIFARTE 4 — B0, A R R X AR B EFT
TR SR BEAT R 3 . AR SO 4o 7 AN K3
Bawit| o R S A | A W N <Y I T A D&
VT X 38 DR 7 L 0 X3 e AR B DN
WG IR — A KIRHEAT 200D S &1 % 5% A 2 o F 44
TR R DX A [a] B 280 A i B2 EFT (B T % )
R TSPy, MF 3 AT LLE 2, %t T I vk 5 7€ )
2 ARG I B EFT X VT pg B o U &8 V1 X 48 7
RFIEY BT e Kk TS #4324 0. 8~0. 8451k,
HERE VU G G XA B AU K TS 143 3 L B
HEA 0. 66~0. 725 4= At Hb X103 200 A1 X 45 25, 4%
IS R TSN 0. 34~0. 46, 73 4h, % [ &40 M
8 EFI{E TS #For o 42 db R Ab i iE 270
WE XS VTR AR RS P R PG A X b e e B (1~
3 ) E AR BE EFT #4545 {8 43 9 Bl — 0. 7,
—0.6,—0.4,—0.4,—0.6,—0.5,—0. 6, I} B
(A~T7 &) AR B EFT R G A B E 5 5 —0. 4.,
—0.5,—0.3,—0.3,—0.6,—0.3,—0.5,

5 g

o7 FE AR AL S 8 B (SAD J7 1 o K2 BE
2016 4F 1 H 2125 H#RIEM K B K57
W HEAT A0 M B SE A L, R 5k € ) 2o R AR A T
VIR 32 A ity R AT 4 B CEF D 11 i 41 58 g 1647 K
B IEAR S X AN ] DX S8 e AR Ui B EFT R 10041 3501 OF
Wi EFLIG A BME . 3458

(1) Mk aRFE W e 5 R A 5 5 A B
F.o BOW & 4 500 hPa By 2 WA — 51 Q i
53 o BN v 3B R K JR AR o i R 5 1) B - Ui
o v 7 b DX S 5 BB R Y i IR (SA >3 AR UE 28)
R R A B A6 AU 8 8 23 ALE DU R W8 A O
AU 5 L T AR 58 % (0 ¥4 T 2R 5 X IO M T 1R
Hlh ik 1080 hPa D) b, Bl MRG58 ¥ W EE T
SRV A SR .24 H AR R rp S LA b DX b RS Yy
>1040 hPa(SA™>3 M pifE2) , if5 R E P R £
i BT AR v A I

(2) BRI B EFT X 5% #1 1% & 43
AR BRSO ARG, o] DU AT 7 d 1R AR

ORAF 5 AR IR EFT AR Jroxt i 1Y i K TS 43
B A FTAD o A58 ) S AT B AT o T X AN [ BN AN ]
I3 E F AT P B IS A EFT I Y 18 18, 6 309 i 2% (1
~3 d)5 % F AL F e IR EFT I 5 {8
—0. 6, P HIBF R (4~7 DEFT I R {H R —0. 55 %F
F 100 E o0 R AR TE . EFT G A B(E R —0. 7,

(3) i ROC {443 #r - 25 I 880 AR B EFT
Xt 5 Y0 M 100 H A SR A E TR BT L B IR
e ity i 114 35 I L B B S B 2 BRI, X S0
G3AE A 2 I AR AR B EFT 7 VLR B L VL
VLIRS M e B i, AR b AR R P L P b X R B
R TE 2R b i X 3 B0 A X A 22

(4) 3 K 50 o0 A 1 IR B EFT B Bl 4 2%
B8 e IR B2 EFT 35 3 i 5 5 {8 i, B4 51 7E
2 2 1 7 P A A e VR TR 82 T ) AT AR A 0 X
ek ABGE X4 1) R RS Bk e s BARAG BLS2 L 55 At wT LA
F 3 EFTAE K A A7 i) T4 0OR Bk 53 77
DI B EFT $2 Fir % ¢ 3 R A8 Al 31 A )
B A5 T 1Y AR ST R 3 B FOAGL 36 T 33K UK iR FE ) R
At R A TR AR SE B ] EFT B A7 SE i A
b AR St KR A 3 Ao A B DR E X B i EFT I B
15 {EL

2%k

4 AR B IR, 2016, ECMWE 48 4 F 41 A 4% it < 1L 70141 7™ it 1o
R IR [T]. KA. 8(4) :41-51.

R L B, 2010, B — (i T4 i ME 38 41 3% 2 0 Rl - MR A 45 TR
B R m AR RELT ] A4 ,36(1D) ¢ 1-11.

L S, 2010, B — i F4T% i) ME 38 412 3% 2 0 10 (L « R R ABE 2% TR
P A 36 AW LT ] A%, 36(12) :10-18.

A4, Grumm R H, B, 2014, T4 57 4 4% i i 5% 0 R 4R 5 5
R AL 2012 4R 7 A 21 HARREF B0 ] KR
2%,38(4):685-699.

[ ZK AP0, 2016, 2016 4 1 4 S B m E M (R,

MG 86 5 IR P AR L AF L2016, BUE B X 2016 4F 1 7 i 20 %€ i)
T BARAE A g0, ILARS4R . 36(3) :42-48.

PR B S 0 0 L X SR L 45 L 2014, B 3t TR 0000 3 s 000 45 8 0 40F 5
HEJE R 2R 0], K4 40(7) :860-874.

AIZR, A . £ S, 55,2016, 2015/2016 4F & 4L M % 3l 5 1
B Je A I R A L) ], A5, 42(7) :892-897.

NS B AP L 55,2012, JU5T 721 R O B AR S 43 BT S B
0 A e e A R PR 0 4 B S 5 (). U4 38(10) 1 1267-1277.

FEGUH L RE  FEAR L 2015, BT T213 M54 TR (14 op AR il I
R B M I ] KGR, 35(4) :438-444.



55 10 1

PN R 45 - 2016 4F 1 7 98 ) it AR A o 2 20 A B AR AR AR 16 1185

S W 2012, ZE T T213 4 & 191 4 A% 4% i K < W04 8 20 S i 2
TR R B L) ], K4, 38(12) :1492-1501.

Beniston M, Stephenson D B, 2004. Extreme climatic events and
their evolution under changing climatic conditions [ J ]. Glob
Planet Change,44(1/2/3/4) :1-9.

Grumm R H, Hart R, 2001. Standardized anomalies applied to sig-
nificant cold season weather events; preliminary findings[ ] ].
Wea Forecasting,16(6) :736-754,

Jolliffe I T, Stephenson D B, 2016. Wi 4. K TRk Mol # 1§
<5 2 WRCM. ZE R0 bk L 3. dbat S5 AL  29-54.

Junker N W, Grumm R H, Hart R, et al, 2008. Use of standard-
ized anomaly fields to anticipate extreme rainfall in the
mountains of northern Californial J]. Wea Forecasting, 23(3) :
336-356.

Lalaurette F, 2003. Early detection of abnormal weather conditions

using a probabilistic extreme forecast index[]]. Quart ] Roy

Meteor Soc,129(594) :3037-3057.

Munich R, 2002. Topics, An Annual Review of Natural Catastro-
phes[ M. Munich; Munich Reinsurance Company Publications;
49.

Richardson D S, Bidlot J, Ferranti L, et al, 2011. No. 654. Verifi-
cation statistics and evaluations of ECMWF forecasts in 2010 —
2011[R]. England: ECMWF.

Solomon S, Qin D, Manning M, et al, 2007. Climate change 2007 ;
the physical science basis[ R]. Cambridge, United Kingdom and
New York,NY,USA:Cambridge University Press.

Stephenson D B, 2008. Definition, diagnosis, and origin of extreme
weather and climate events{ M|/ Diaz H F, Murnane R J. Cli-
mate Extremes and Society. Cambridge: Cambridge University
Press:348.

Zhai Panmao, Sun Anjian, Ren Fumin, et al, 1999. Changes of cli-

mate extremes in Chinal J]. Climatic Change,42(1) :203-218.



