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Abstract Based on the gridded daily surface air temperature database (V2.0) of China, the influences of wintertime
North Atlantic Oscillation (NAO) on extreme low temperature over northern China are investigated. The interdecadal
variation in the relationship between NAO and cold days (nights) during the same period over Northeast China (NEC) in
late winter is revealed based on sliding correlation analysis and correlation analysis. The results show that cold days
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(nights) are more frequent in late winter over NEC and have a better correlation with NAO before the middle 1980s

compared to that after the middle 1980s. Additionally, the correlation was most significant over NEC in January during
the period of 1969-1988, which could reach —0.68 (—0.66), but became weak during the period of 1989-2009.
Furthermore, it is found that the interdecadal variation in the relationship between NAO and cold days (nights) over NEC

in January is largely attributed to the NAO-related atmospheric circulation anomalies under different interdecadal

backgrounds. The weather systems such as cold vortex caused by the NAO-related atmospheric circulation anomalies can

maintain over a large area from Lake Baikal to NEC, leading to lower than normal temperature and more frequent cold

days (nights) over NEC in the years when significant correlation exists between NAO and cold days (nights). The

opposite is true when there is no significant correlation between NAO and cold days (nights) in NEC.

Keywords Extreme temperature, NAO (North Atlantic Oscillation), Correlation analysis, Interdecadal variation
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Fig. 1 Spatial distributions of correlation coefficients between North Atlantic Oscillation Index (NAOI) and extreme low temperature index TX10P (cold days)

over northern China in (a) winter (DJF, December—February), (b) December (Dec), (¢) January (Jan), (d) February (Feb). (e-h) are the same as (a—d) but for

correlation coefficients between NAOI and TN10P (cold nights). Black dots denote significance at the 95% confidence level, the same below
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Fig.2 Spatial distributions of correlation coefficients between NAOI and mean temperature over northern China in (a) DJF, (b) December, (c) January, (d) February
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Fig.3 Time series of EOF1 of extreme low temperature index TX10P over Northeast China (NEC) in (a) December, (b) January, (c) February. (d—f) are the same

as (a—c), but for TN10P. Curves indicate results of 11-point Gaussian filtering, straight lines indicate the trend line



X A B % 42 3%

244 Chinese Journal of Atmospheric Sciences

Vol. 42

3b. e) F2 H (E3c. ) BIEAE BEAFEACRA
fRFREE (1 H EOFIL W] P 513LL-1.0, R, 7&
20 tH2d 80 AEAR R FE A IEALAHIREL, 80 fFEAR
Y A A S AR B 1 20 2D 80 4EAX A
WIRTARIE A=A H (8D Sk, 80 FFAXHH )5 ARk
KEAH (R bk, X5 20 el 80 F4LH
NAO P7AH I AZ K N, (38 i A E 4R, 2000),
WA, FTRAE W, 120 1 A2 AERIEAH (3D
RABRAEEAR T R, 52k s—i
(Karl etal., 1991); {HiTHRAIAH () K&
PR R S 2 A& 120 1 A2 HEIeAH
() 2B 1A (BOF2) 23 [) o) A 2 Ik IX 4 4 b
— Ve AR (WS, R T ZE 5 o 13.7%
(14.7%)+ 11.6% (11.3%). 14.8% (12.0%), 5
EOF1 AN[A] 12, EOF2 I 1] 57 71 3 Bk 4F b AR Ak
fE gD

X2 EARILEAFFTHNAH () EOFL IjH
JP40 5 [ NAOL AHC R E. ik 2w, ARb)a
£ (1.2 ) ¥H () EOFI I}a]J¥41)5 NAOI
FHE R BBEK, 4393 —0.39(~0.34).-0.49(—0.50),
B 1 BARAh, il 99% W E MRS . 12 A
HRIEAH (O EOF1 W [a])¥415 NAOI AR EL
B, BARMEGE BEMERL, Ui NAO A6
H (B B 3 EEARIAE f5 4.
%£2 HAREHIESIEH EOFL B8 FF 5t AT ¥ 51
# (NAOD 1BEZR#H
Table 2 Correlation between North Atlantic Oscillation
Index (NAOI) and the time series of EOF1 (the first EOF

mode) of extreme low temperature indices over Northeast
China (NEC)

BRI TS S NAOL AT R M

YN TX10P TN10P
12 -0.04 -0.03

1 -0.39" -0.34"

2 -0.49" -0.50"

R 0.05 T F KA.
AR LM 0.01 BEMEAK L.
42 MHEEXMEKRFRTHS T

MR ARALEA (1.2 ) % H (%) 5 NAO
FHRMEER R, B 4 4l T RIEE4AH
(%) EOF1 W8] ¢4 5 R NAOL B shAHK &
ORLI-1.0), WEhEd DU 21 4. A1 shHE
Hs [RAEEEAT T ARUELL RN S a3 b B

Wil 4a. b fior, RALEAAH (B 5 NAO
APAE 21 SEIFBIAHR KRR, 1E 20 1Ll 80 44U

WM ShAH O R BAEFRAE 0.43 oA, FEATR T 95% ik
FERES, 80 AR S IX PP AR OCOC AR B W UR TS
AFFEAS B W ARG A4 H (B
5 NAO FRMEAAAAFEAPRBARAE,  HAZAH KK
RACEATREME, 1E 20 4l 80 AEARH T, NAO
MARIEEAAH (RO i, 80 ARG R
WA . (HFF RN, BAR 1. 2 HIESEK
BB RAET FRRR, HHEmNS, 1 HiE3)
IR RBAE R, 78 70 SFARRIBRIH AL, b
Ja kN, 90 FFEARIL B de/ME, IS AHOC R 3L
N m. H, ZRJb 1 AW H (8 5 NAO
R REUAE 1979 4F G R 1969~1989 [ By ok,
H—0.54 (=0.52), Wit 95% BEMEKL, 7F 1999
AE GV 1989~2009 B B/, A—0.02 (0.04),
K BEERL . 2 AW REBIE).

7£ 1969~1989 F1 1989~2009 M B, %1t 1 H¥AH
(B 5 1 H NAO HATmm BIgtHx, b Tk
Ao I 1) B A, X HL B X 1969~ 1988 F1 1989~2009
B B A A SCI LR B, HSR 3 HT AR dk 1 R H
(B 51 A NAO MHIHEIERFRZL . FATIF
FEXT 1969~1989 il 1990~2009 [ Bk 4T 1 2047,

I 445 3L 5 1969~1988 FlI 1989~2009 i B4 4%
—3 (EB&), Wuetal. (2013) XFAZERRE G
IIHTRIL, 1988 A LG BRI i b 35 7 s e
WX B R P 2 AL i A e 380 S I s

IbAh, MR, NAO/AO Ftimbi .
GIMARLG, “HZMKREY), HAFBUEHTE
1988/1989 4F4iij 5 th LA, AHM (It R A4
T @AY (Tanaka et al., 1996; Walsh et al., 1996;
Watanabe and Nitta, 1999). [Kt, XFEL4#T 1988
TR A A2 NAO S o b 5 B i (G 1 5% 1) 22 S
T e,

Kl 5 & 1969~1988 il 1989~2009 BBk 4t 1
HAH () 51 H NAOI M E &2 B a4 i
W, 7E 1969~1988 Bk, A1 HAH () 51
H NAO KRB K (K Sa. ¢, fERIEIT,
TR LT RN S AR A AR Hh AR B B2 A
K, A REAL-0.68 (—0.66). 5 1969~1988
BrBOAH L, 1989~2009 FrBt 4t 1 AR H (80O 5
1 H NAO FIFHCREH Bodys (B 5b. &, 4k
KRB, AR DIA G, S HT
gER—g, BBumARIL L HAH (D 51 H
NAO HHRAEAEAEFARR AL



2 T4 ARV 5 b AL B AR R (K AEACRR A2 1

No.2 HAN Fanghong et al. Interdecadal Variation in the Relationship between North Atlantic Oscillation and Extreme ... 245
(a) TX10P (b) TN10P
060 1 7N, - Feb 0.60
g | g ]
o 040 — S 040 —
5 i S i
5 ] 5 ]
£ 020 £ 020
Q i Q i
) i o i
0.00 - 0.00 .
—_—T T T

1975 1980 1985 1990 1995 2000
Year

LB I e e s e
1975 1980 1985 1990 1995 2000
Year

K4 FKILEA (1. 2 73) BenfllldE4 EOF1 N H ¥ 415 NAOL #Z Stk (RLI-1.0): (a) WH; (b) W%, WshE NI 21 4, MELkh 0.05

BEMEART L
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[ 751 F1 1 H NAOI 43 ] 5 500 hPa {3 % & 37 1]
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Kl 6 & 1969~1988 i1 1989~2009 BBk 4t 1
H¥H () EOF1 I [a] 741 5 500 hPa {7 3w 2 ¢
WA R A LR EREE: KT
1 R AR M b DX A B B2 3 I AL AH AR Ak, H 1989~
2009 B BeAR M b X PRy o R 8 B2 A 1969~1988 [y
BEA TS (B 6a—d). Hr, ERWH mihX
FEI A ZRVY [ RS, S5 RO T DD 2Kl B
T, BRI RN 5 A s A A s () 5 o AR
AT B4 v Al v 1T AR A A mmn P AT, TS R AR i
SEPE RS H 2 e o I RIEAA F TR
RARGYEFFAE VIR B R Je—7, Ak
RILAH (B ORI RISAT o« HIE KT
DA B B AP AE W 2 5 7E 1969~1988 [ Bt
JERPEVEHLIX R Ih 221 NAO FfiAHgq 4 (&
6a. c), IM7E 1989~2009 K Bt NAO 25 # A i (4]
6b. d), EMAE NAO RJHE LM 1969~1988 [t
RIALAH (O Sk i F B A

7 & 1969~1988 Fl1 1989~2009 KB 1 H
NAOI 5 500 hPa {7 #5 B2 57 4 7 [0] A R 003 W) 43
Ao ANFT I 6, ARV H vy 205 A b b DX A7 345 iy i
W B ANE, 1969~1988 Mt NAO 5[l I3
FSESRIE T AR H B XY IR 8 A
L 7a), (HFF5AH I . SR ARV iy 4 R A
iy DX A7 A FE I 0 e A A AR AR, U BB B
NAO 7| )G A R TR IR R R R YR
76 VUM R0 ) B AR b —5, A AR LRI,
AH () Bk, 5 NAO AR L. 1989~
2009 BBt NAO 53 iy 3R 1 78 DUk v Ik
X R IG5 (B 700, IR Lk
by R S AR DN R M DX s R R AR K
MRS REIRTT, AR T W< T, A%
B B AR b X AR B H v, R H (D D
K, 5 NAO AP S . RN, 7Edb R PE i Hy
DX PR B 3 e BE I AN A AE 2 5, PR B B R A7
76 7 ACAE AT, AR AR AR 7 1 v O 7 B AN IR T A7 AT
7S, 1989~2009 BB NAO %) LoAfx F
1969~1988 [ Btk AEWIE A% . NAO #GshH L
RB A Rt IR tl, naeybi&Rde 1 H
AH (B 5H NAO FH AR ERAR 1k ) 5
JRE . v, ZRdE1 HAH (8O 5 1 H NAO A
KAE AR, RFREE B NAO FHOCFR
RGN FAFZIA K.

AN, AN/ 22 IR T AR HAE R IR A7 R 90 B
NAO Al 5¢ 3R i 1) 3 48 ( Deweaver and Nigam,
20000, CLAREFTZRW], EIlHRH 75 XS AE A Rossby
LR, 8 NAO 155 n) R G R R bt
% I {FH (Branstator, 2002; Watanabe,
20040 (T RS 02 b R A AR
WICER, R DX i I AR P 8 5 B RE S A+
W, I NSRRI, O A BRI )
TE A AR A EEAEH . Luo and Gong (2006)
TR H, 1T 30 4k, SRR R AEARRR AR
B—ERE ST NAOIH I T O AR R .
PRI, AT TN kg S X Al ) AR AR A W] i A
12 NAO FHRM I RGFASs 2, ARILE &%
H (4% 5 NAO HHIHEAFEABR R R K2 —.

6 ZEieFiTit

VN e S i S RT3 TS
(V2.00, RHZMgeil ik, s T B4
ZEPNAH (BO 5 NAO A %=,
HXARIE 1 HAH (D 5 1 H NAO FIEPEME
FRBF AR S ILTT BE R RIEAT TP . 2R
PR 15 51 4ok, hEHQETAFEFTNAH
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M AAIE, H MR R R,
A R AE 20 4T 80 EAR T SR gg . o,
AIb 1 HAH (8D 51 H NAO FHKELE 1969~
1988 B Bedpelif, AHOCIX IR, 7 1989~2009 i
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WKL, 2012/2013 4754 b HLIX H I S A1
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(a) H500 Regressed to TX10P-Jan 1969-1988 (b) H500 Regressed to TX10P-Jan 1989-2009
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WEFUR I, NAO AME AR iy Sl A7 AL 5E, Rf
Wt B K A7 AE— € 5% . 40 Tian and Fan (2012)
TR, FZ NAO W KL Rilfeiiam ek
FEAE R W o e AR R )RR R AR A
NAO/ AO AR Br A2 Ak B A7 71 0 B 3% i Ik &R

(Seager et al., 2010; F355E, 2015), pbak, —i
WFFEER ], NAO S R R AL S i L5 Bk
UK S AT Il S 1S A5 A A AT 5% . I, Liu et al.

(2012) WEFUHRH, KEEACNGHE ORI 8 Wb,
AR b BRI SR 2 R I DA SCIX )
T GALT AO BiZs, FEIZI WAL S KR D P
BEEEZ KV LRI, db3e. BRUH AR PR
S IR BT o AT ST, KR ALk
USSR I NE P SRS i S URG B J VR AN i S 3
U R UK IR, o R AR i R U K AR A
B R R — RR XA, 20115 Livetal., 2012;
T 4x 3§45, 2015). Hoerling et al. (2004) 5Tk K,
1T L4 NAO/AO Y 35 AT fig b5 $Ary BT RE VE I 10
A% RGP, FAGT PRy B BE v T
S AR RO S NAO/AO BEASAHLLK
i % (Rodwell et al., 1999; Hoerling et al., 2004; Li et
al., 2006). b, WAHEZ WA T HOE—H K
R RIAXT NAO/AO [fJ5£m) (Watanabe and
Nitta, 1999; Cohen and Entekhabi, 2001; Gong et al.,
2002). JbHRIFUK TR AR I A6 A
NAZE NAO 52 [ AR R UM e W e it 7]
e, TRITIXLERIZ IO T — B ORI N
o AR EE RAR TG vk o0 i, oG 5
NAO MR AFACFRALAL AL P AT 5 5 2
1458 12 W A EE AU VER AT I
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