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The Relationship between the Early Spring Low Temperature
Enhancement in the North China and Sea Surface Temperature in
the North Atlantic since the 1990s

XU Weipingi2, ZHANG Jie1, LIU Cheni, Meng Xiangxinz

(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters/Key Laboratory of
Meteorological Disaster of Ministry of Education, Nanjing University of Information Science & Technology,
Nanjing, 210044, China; 2. Shandong Climate Center, Jinan 250031, China)
Abstract: Based on the reanalyze data from European Centre for Medium-Range Weather
Forecasts (ECMWF) and the sea surface temperature(SST) data from Hadley Center (Hadley), this
paper analyzed the reason for the extreme low temperature of North China enhancement in spring
since 1990s, which was verified by numerical simulation results. The results indicated the
significant correlation between the North Atlantic “Horse Hoof ”sea surface temperature mode
and the Eurasian Wave Train(EU) which could affect North China extreme low temperature. At
the same time, the sea surface temperature mode also has a close correlation with the vertical
wave energy in the key areas of the North Atlantic after 1997.The 500hPa circulation mode in the
North Atlantic for the same period showed a trend of eastward movement and southward
withdrawal. Since 1997, and the regional scope of positive surface temperature forced by thermal
anomalies next to the eastern Greenland is expending, as well as the westerly jet stream is
increasing, which could stimulate the EU pattern and form the warm ridges downstream Eurasian
continent. The Localized Multiscale Energy and Vorticity Analysis (MS-EVA) energy analysis
method showed that the force of surface temperature thermal anomalies and the force of pressure
gradient in the key area of eastern Greenland which do positive work in the whole troposphere,
leading to the increase and divergence of the high-level kinetic energy and leading the ridge to
strengthen toward North. Through the EU wave train, the cyclonic anomaly was strengthened in
the downstream North China, and the Asian polar vortex was strengthened and maintained. The
temperature in North China decreased sharply and the extreme low temperature events increased.
Finally, the CAMS5.1 model simulation was used to study the effects of the North Atlantic “Horse
Hoof ” SST mode on atmospheric circulation anomalies and the extreme low temperature in
North China. The simulation results verified the observation results well. It further shows that the
SST mode can affect the atmospheric circulation anomalies in the Eurasia by stimulating the
Eurasian Wave Train, thus leading to the intensification of cyclone and meridional circulation, as
well as the increase of the extreme low temperature events in the North China.

Keywords: Extreme low temperature, The North Atlantic sea surface temperature, Energy

analysis, Community Atmosphere Model (CAMS5.1)
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IPCC s itFAfli ik &g th, fERRABRME T, Wim R F MK
(Seneviratne et al, 2012;Donat et al, 2013; F 15 %, 2016) . % i i5 5 25 14 1) 55 &
AR H BT 2 # A 1k (Brabson and Palutikof 2002; New et al, 2006;Z% K
[, 2004;Zhou et al,2018), H i 10 4 3k v [H & 2= U6 AL B 1 Y [ A0 FR 2 7
8 59 (fF B £ %, 2005; % 4k 57 %5, 2013; L R 45 55, 2012), JF H g JL 4 & [ ) v
ICHR 1R 0 B0 2 . B8 5R (%55, 2008 F0 Al 55, 2016) . F 7 K B3R B AR o A
IR B 8RR X 3 P R AR (4R BRORD & 4% %, 1998;Zhou et al,2016;Wang et
al,2017), XMV 2 ¥ HE XN RE S X #T 7T RERP R KT % Q011K
SRS S S o BN A o (D7 s S R R TRl A N < T ST N L [ S A [ A P
e i A i = AR 5 3 D 1 B (B <6 R 45, 2007 [ 2 B 4R, 2011 5K G R
TR B, 2011;% K H#k, 2012); {HAEJLHh X 2000 4F DL J5 & ZFE R M 7w K IR $
1A Fit 3 n (n) P2 5%, 2016) .

M i A AL TP e A KRR U S M R I 45 2R (Zhou and Wang,2008)
WEAE R B @ 4RSS W KR F % DD ¢ (2 8 45, 2018) . Bueh et
al.(2011) R B K AL R R Al A 2 R EACIR I X B IR R . SRR b B 2w R
FRe R, R KBRYBE4ER, BiERa AN E T, Wik m
i A (2R a0 25 2007) . 24k K 78 ¥ % 3 NAO(North Atlantic Oscillation). b
W ¥ 3)) AO(Arctic Oscillation) &y It (5 )7 AH I, a8 it o A48 26 ) i FE P o, 3 1
S8 E b g7 AR e (IR) (FEHF S, 2005) . Fh R AT 2= 2P (2012) BF 5T R B
2009/2010 F & 2=, JEJLT7 7 W ARE F 45 NAO AL AHE I M % . NAO 5
KT AETEAR TR IRE TN /RBR R — w4, SEARILHXS
BAWAL, % H @)W K (574 %,2018). 74 A0 F & MM, & F R W
5, P8 A R D0 R, R S AR O OK R 0 ae , DR RE DR I (B 8 A 4 5% 4R ,2008;
o] 25 A1 o] 4> 76F,2003; 3% 8 5 A1 £ 49 10,2003 F5 2 £ 2%, 2004) . & HF 70 % W b
KV ¥ % 3 NPO(North Pacific Oscillation) f& %t 5 & f /v, & 25 X 38 14 B¢ S 1K
IR BN R RS (F R EE % ,2013). Wang et al.(2018)%5 H EX I # EU(The
Eurasian teleconnection) 5 7 WVt [X #h 3% ¥& FE A0 % K %5 U1 FH ¢ 5 24 b b K 7 7
W AR (), AT BLECK S BV IE (SO A A, 3 B3R E IR AR () (il < e
%%, 2006;Li,2004).

W A ORI BT kS 4 R R R ROR B R AR B e & O
N, LA R 2 1 RE & W OK R R A ik 5 %% K (Hoskins et al,1983; 5% [ 1
%,1994). T F G A ) 7 WK 1 Rossby W 1A A B, T R AH G U )
(Huang,1992;Wang and He,2015), 5 it K S ¥ i B 3 5 &, M o =A% FH 400K .

Yt FF R RE A G B A EB B ) N SRl ad DU W Rh BE & R el R

2
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(Chen et al,2013): — J7ifi, @it iE F %% o #2 M JE A S b 3R 15 6
JiH, B R E S R e i RN R R AR A AR, BeE OIS BUR A
Yo i ke, W S 3 45 R (Hu et al,2004;Hsu et al,2011) . % b KR A X
Z 18] 1 2y A 4 1% 72 3l Be Ui S — 38 4 (B9 ¥ 2 55 ,1992; Tsou et al,2014). 1R
W f BT 0T 98 R W (1R B T 45 ,2018), 90 4E AR LA JE A% R 22 B DR OC B X A UK A
7O QU | 7 N B 1 )1 P R [ o L i S W = W2 N 2 o
G 6 1 I R - S SN S
FAONE 2 E WA A RS RO RIE R REAT T REM K. Bl

JE /K Jé # ENSO(EI Nifo/La Nife-Southern Oscillation) 5 2018 4& % [F §§ 77 A U Hl I
W % % )M 5% (Ding et al, 2008; Li et al,2008;Zhang et al,2008;Wang et
al,2017). Sun et al. (2019) #5& t & S ifg Hb X ¥ 0K ek /> 3 B3 B b f6 B F R
W% . 54 Li and Zhou (2018) #F 7t & B 5% 24 1) K BH 3 2l 3@ 1 o d P R 2 ==
TR, SEIRE R X RE . B A7 A b XA I KR R K 2 R T R

FEMAKAAMBER, HEHEILRAEFEFR R RERARRFLELERE
(5 R B BB 1 AN 58 A VE A o AR SCHE s A 90 A AR DL A b b DX A i e I 1
REAC KPR 2 W AR B R K H R B el 2. B E A A
(1PN | NI S 2 S A W b N e [ R P @ o (1T B - AN =4 il 728 v 11 9
2.

2 ZRERHIE
2.1 7K}

Ziiﬁﬁﬁﬁﬁi%ﬂ@%-

1) 1979-2015 4 Kk ¥ o 4 K A # ik 1 & (European Centre for
Medium-Range Weather Forecasts, ECMWF)[{] ERA-interim 7 /> #7 % ¥l . & &
75 1A 1000-100 hPa 3£ 43y 27 |2, H # 1000-750 hPa [ B% 25 hPa, 750-250 hPa
[f] B 50 hPa, 250-100 hPa [a] f% 25 hPa, 25 [A] 4 ¥ % 4 5l N 0.75°%0.759% H
25 5MBE HM AN TR, EROH: Y. BEY. ZHRN A E 2
m & B .

2) I [E G W0y (Hadley Center) 1871-2015 4 & H 4 ¥k i i % &
(Rayner et aI,2003) K °F I HE R A 1°x1°

(https://climatedataguide.ucar.edu/climate-data/sst-data-hadisst-v11)[2019-03-13]

3) 1961-2015 I E ¥ % 3 A 753 N & ulh iF H iR B #F Rl . i% £ R E %k
HH R 52 B 3% A 75 (30N-55N,73E-135E)501 A4S WL I 3 £ 1 J9 BF 78 % %t
2.2 WHHITIE

M T A SCRE S 4R B P 45 (2018) Y AT 7T, PRtk T AR XS 1979-2015 4F A b

[X (35N-41N,112E-123E) ] & (3 H )W 18] 8 B 3 A1 Ik <5 £F .
3
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A 22 (B H P 55, 2018) 48 1961-2015 4F A1 & dk J7 [X 35k (30N-55N,73E-135E)
WA (3 )&l fE X (15 R ) AR FE B 1 o J8 kA | 4 A vk (G it A0 ik
e 46, 2003), # A& w2 F A BAT T HES, BRI 5 A E A E, K 55 FER
B o3 AL AE S S AE E SOy HE b B e AR R R, I R R e = KT
2 H A I AR R 3 B B, WA D iz HOH I AR S R A

KA IEL I /5 M (EOF). =4E W EHBE . M X057 & i
ey 4 b A S ER R B I 38 51 55 b K PR e R R G R . ol fE | A b L A
S {8 4> #% J7 3% (Singular Value Decomposition, SVD) (Bretherton et al,1992;Wallace et
al1992) A RMIIE EM K BXEREZA MK R, BEEKFEIRETIENT
o 5 o

RE & 7 If A LL 2 RO 7 25 (0] 4% #: (Multiscale Window Transform, MWT)
N EE A L R 2 R E g & IR JE 17k (Localized Multiscale Energy and
Vorticity Analysis, MS-EVA) (Liang,2016;Liang and Robinson,2005;Liang and
Anderson,2007)iF AW FE AL X @ =) GE kI8 . MWT il i 2 o8 o #r il 43 —
AN I TA) 5 25 (8] FP A IE A2 0 il R AN [F) ROBE B 7 25 TA) 7R G oy i O R b O RE % IR
R B R R b R R A (O BB 55 ,2017).

LN IR MS-EVA J5 ik i sh ae 7 12, B Ak S L2 v
Liang(2016):

dK
57 = b=V Qy—V-Q +E+T

a1 5 [ 50 B Y 305 R
Ki = BUOY+QK+QP+R+T, T=To1+T21

Ho: K (Z—f)%%%ﬁ'éﬁ‘]ﬂ%%%; BUOY (-b) ¥ 71 ¥ e T, R 7 A3 AL RE [7]

3 e I B s QK(=V- Q)& 7 3 BE A R RO 7 25 18] (19 7 I i 38 T 2 A
QP( =V Q)& th TS KEFZ i Th S B ah ge 3 Wl ; R 3R 7 BE 556 B 3

AE s T(T)AR R 3 RE /£ A AR 2 18] /9 % #, iz 8 2 # ) &2 1 A (Lau et

al, 1992; Maloney,2003; Hsu et al,2009) , $£ A1 Toq 4% R KR 1) 2= 45 F 5 R B (% 40 R
i ) B fe s RO AL B, Ton ARER R AR m) 25745 ~F 3 R (v 041 30 ) 1) 3 BE 5
OB A% i
2.3 # Xk 56
A AE A % K KA WF 5 F 0 (National Center for Atmospheric
Research, NCAR) &k #i ) s Bk & 4 # X (Community Earth System Model
4
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1_0_3,CESM1.0.3) " [ K/ B He CAMS. 1 it A6 K 74 ¥ o5 5 A% 1b 1) 22 48 56
7 e | NG 2 A7 0 I NG V2 N L < R P (AT = L I £/ il =7 T
b5 H Ay B 2 (n T L BRG  AR XAE ) R A A R R T DL Bl AR 0L K ARURR IR I AR A
G EE A L H o-pIREHBF R, 4N 30 F (Neale et al,2010),
XZTm EL R 3. 643 hPa. L HUL: M B V8 M AR5 0 4 96 i ml, &M H
AL AL &) A 144 A& KK 0 B R N 1,992 59 2 P B AR S iR
I JE BT R AE N g AL SR, i B R 2 3R I IE S5 VR M OR R B R (National
Oceanic and Atmospheric Administration, NOAA) 5 5 ## 3 i i5 19 fb & % B,
WA 20 4F o Oy 7 BE S AL R VE O B R g AR AS ) 3 A b XA S IR
WS, et 7 BE R, B ] A R R R

FEhl k. AT IETERRERHEZEFHNAESERERE,
R 7E B 400 B b 3 A i 3R TR R AE B K I AR A #A (3R R 3% 45 ,2015) .

UM% AR I REERX SN “ 87 BRESKT
6] Y o FoAth X 85 oR H A AW R IEE . B, SRl 5 8 a5 n) 2
(7 i | A NI IE SR i R = 7 NS By NG U2 N O < | v 4 i (A
() 52 T .
3 HRESh
3.1 WL 51 5 A6 K P VR R AH G 5% 2
3.11 AWz SIS ZS

% T 45 (2018) BF 5T R B, 4R b Hb X WK i ¥4 I 22 R AR A 2R AR 201 20 804F AR
B JE A2t 20 B B R B ORI R (BT L), A v KR S k. 2R AR AR B
A A% o KR A e A B 500 hPaXf i BE P 3 vl BLOR B (B 2), 804F AR AT &
(1979-19824F ) B AR BA Ji B 30 2 B <« = B~ &5 4, 1 2114 22 (2004, 2007 A
20154F ) 2 UL tH“E W I B I 450 . B2 R R X 1979-20154F 3 H 200 hPaZ ] A 3%
HEATEOFN == 43 fif, AU DA & @ ok Northi& 46, R A EEM EZR. 5B K
A E A o RO S (EU) I 20 A B A, IR S ol HY 22 g 2 B UK
SRP(Silk Road pattern)(Zhang et al,2018;Wallace and Gutzler,1981) 43 fi 4 ; 2§
TOREE RO R gh 4E R A RS (B HE 5K K = ,2008) . & ) KL 1Y
FEMRKAMNTHEIEMXFEEREREFERAOBRR. ATHRATESSE B
fF AR I BRI 3% 91 B S 5 W m AIC IR A OC &R, 43 i X BRI % B B 4 (PCL. PC2) 5
W i ¥ Al 22 0 1 AT R OC M, G b RO A B A (PC2) 5 AR i v e 22 R AL
HRIGFRAAH M, ML REE 2 0.280H B 790% M & & &% . H4b@Eid
MK 36 77 V5 K B0 € 19974 Jy R A 4 (B i) . Bk 7p Hr & W), BRI 9% 41 B
SPCHEVMEAREZETMIR, MNRmMEFAKKERE —CME0,
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Fig.1 The extreme cold bias frequency in early spring in North China
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P 2 20 22 80 AR AT /5 (a) A1 21 408 (b)500hPa fiz %5 iy & BE ~F 37 (W1 5%, 5 2 :10-tm2s-2)Fl fiz %5 i J&
A S 3 37 (G5 A 2k, R AL 01074 m2s2) (B 52 4T a0 X 300 G S 3 R A 56 /Y IX 0, 7 HE DY 80E
PAZR IR L 77 1 1X)

Fig.2 The distribution of geopotential height anomaly field (the shaded, unit: 10"'m? s2) and climatic field(the
contour, unit: 10 m? s2) at 500hPa in the 1980s(a) and 21st century(b) (The dot areas have passed the confident

level) (The rectangle represents 80 E east of north China)
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i
N P
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- i hk
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|
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1 !mrrh ¥
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Time coefficient
=}

40N

-01 -0.05 0 0.05 01

¥ 3 1979-2015 4 3 H 200 hPa £ X\I7% EOF JE&JT A RiT P /M AE 17 5 ) 25 7] 21 (a, €) S I ) 38 2 (b, d)
SRR L MRV 22 R A, AL (%)
Fig.3 The first and second EOF modes (a, c) and their time coefficients (b, d) of 200 hPa Eurasian meridional wind
in March during 1979-2015.The black dotted line is the extreme cold bias frequency, units: (%)
3.1.2 ALK VGG I R
AR VR 2 5 5 0 T W 0 BF 7T B e AR b K P 1 i IR | (Yang

etal, 2004; fif] 55 £¢ % ,2006; 5K JF #e A1 4% g W, 2011; Bl 77,2017), JLd A2 IR,
Bl NI RE o527 s TN B 1B U - 1L A N R 7 v) [P v A1 2 A ES 1 B NG R N W
52 (M 5K A&, 2015) . A& SCAE A 2 56 IE A2 & T 4r i X 1979-20154F Jb K 1 VE
(70°W-30°E 0-80N)Hh X ¥) F (3 H )ifg I ¥E ~F 8% K} i A7 b 2% 43 i (B3), w1 =1
BAYES Northi 36, RAREMZER. L RKWEFEYHEGH)EIR BV H 8

TR ST E21.2%, WA A EORFE, Jb K0 P i iR A S B AR 2O
CIEEARL . HoR KA TE LS R R (20 N-40 N HE X Dl A BE S, Rl X i
I F B VLR B AT N B, 9 A AR R R 25 By DL I T XX R A
Vo B — RS X R R R B RE AR I B TR Gl T 95% ) & 35 kK T
K, FMNPRRIEPE. 20290 M5 WA BRI, Fik2ilE
TR AN E, PUa EECVEMHMH O E, EEE MR,

BB TUER G B TT 2 M 14.8%, b K 70 VE IR B S ML 1) B R AR B
B N R S A8 0 s i LB | S (RS s A i
i S T e S 1 P s i Sy S o W A o TN 2 71 N S SN ) P
HEIETWEYE, BRAFELTEFELEER, 201 L80F )5 WA U &K B
TS, BT ST ER9.7%, iR 2 W 2 A Ik fUE X
7
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AR, BANMEECOR, BWAIRE B OK.
80N 4
(b)
‘ 3 Sen=1.1920
60N = 2
g
S 1
=
40N g 0
2 -1
20N 2
3
EQ 4 : :
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Year
80N 4
(d)
3 Sen=0.5188
60N = 2
g
S 1
=
40N | § 0
2 -1
20N Foaf
3
Q 4 - - -
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Year
80N 4~
(H)
(e) 3l Sen=-0.6311 1
60N =2
g
- i
40N | - g0
2 -1
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u'\,\ 3t
EQ 4 : -
-70E ~ -50E  -30E  -10E 10E 30E 1980 1985 1990 1995 2000 2005 2010 2015
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006 004 -002 0 002 004 006

K4 ¥IF G H)ALRE AR EOF 20 il — MRS #2518 7341 (a, ¢, @) SRS S FI bR AL IR ] 528 (b, d, f)
(LA R TE AR AR %)
Fig.4 The spatial distribution (a, c, €) and the variation of corresponding normalized time coefficient (b, d, f) of the
EOF first to three modes of the North Atlantic SST in early spring (March)
(The red line is the trend of the North Atlantic SST)

3.1.3 BRILFES IR 5 ALK PG AR AN G R &R

EE [ NP 2 N7/ N AR 1 = S TAYE 330/ (= M7 IR VT VAP S QPN
10 B B BRI SR (B 18 B R 3T LY, 199328 SR AR, 2000). R LN TR AR 4 L
AT AR B RO A AR A 5 AL K P R R AR, AR SCIEI T 1979-2015 fE
Wi 35 81 5 46 2 (PC Ly PC2) 53 il 5 b K 04 ¥ g i EOF W == 3 fig Ji5 B A = A~ i
6] 28 03 AT A < 20 (B ) o AT 9T B R 9% 1 A5 4 e PC2 5 b K 7E v e I
PCl1 BIEM KRR, HARXAKEH 7 0.293 Hillid 17 90% M & F M5, 1M
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RO % B 45 30 PCL H5Ab KPRl IR S A W B 10 8 3% M <6 R (Hrg). b
RAHT R I KRR S PCL GBI 4 e 8 PC2 R BB VIMEX R,
(e B X A% o AR R OR A BB — B R .
3.2 JE R VU S5 R B sRIE YR 5% 3R
3.2.1 W AR AR BR AR o A1 UL 1) B AR SCRAALE

B P 55 (2018) i — 22 K I AR 6 Hh [X 80 4 AR A 5 A1 21 1 22 N 38 4 AX bR i
MR FHENA R AGCEEREN LGN NGHREFEOINR. T R R
Seow o R, T B E 8 = R R IR k3 e & 0 9 EAF AE (Takaya and
Nakamura,1997;2001; J5# %% 2013; Wang and He,2015), # ifij 2 57 Jb K 76 v 5 &
EAEMXERKERGEE LMBR. BEHEBEN TR ASBERHE,
Bl 35 o W i AF AR T RS R o B5 S 1997 4 T 48 A6 Hb X AR I
A oy % DL R RS R OACRRAE, B S OCTEAL R P R T M W B R
S B X, o AT DL R TR E R 7 A OB R (TNZ) W 2 0 9% R & 2 ORI TR
J2 ., 3T A W R TS i TR B R T R G

W A 3 A (22 R ZE B, 4 ) 1997 4F BT J5 1%k B R 2B R B K I R Bk
. BFROKR I 19974E LLAT (1982, 1984, 1989, 1990. 1993. 1996)#% b 2 1
PR ALK b KB R R B M EHNEAEE EM PO, H
I G R IX A b BR AR K I Uk A B R b o T 1997 4F LA 5 (2004, 2010, 2015)4% B2
22 8 DLAR S T O b R B K R I AR R R M . 19974 AT 5 AR I IR R R R
KX A AEE B R MAFE, X 784> 3 B 804 AR A J5 A1 21 tH &2 1 26 4 AR B A% Ui
(RIS B IR e o AN = M s e S G o e | e S S A T 4
i IR S A O R L
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Fig.5 The composition of the wave activity fluxes(vectors ,unit: m? s-?)and flux horizontal divergence (the shaded,
unit: <10-°m s72) at 300 hPa (a, c) and flux vertical component (the shaded, unit: m? s72) at 500 hPa in the North
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100E east of north China and the thick rectangle represents key area)
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