538 B2 3 W NI Vol. 38 No. 3
201445 H Chinese Journal of Atmospheric Sciences May 2014

FoEh, B, BB, 45 2014, FRERTAFNS A URAERRLIRHE SR [J]. KSRFE, 38 (3): 524-536, doi:10.3878/j.is5n.1006-9895.1401.13320.
Wei Wei, Wang Lin, Chen Quanliang, et al. 2014. Interannual variations of early and late winter temperatures in China and their linkage [J]. Chinese Journal of

Atmospheric Sciences (in Chinese), 38 (3): 524-536.

HERTEMREZRRFEREUMFITESEKR
B350 EAR BRAUE RG]

15 R T RE A BRI 22 B e SR S S PR DY 1A TS S =, 1 610041
2 R B S ET UIT B KR B ST, Ikt 100190

% FE ATRE 160 A G s A -F i <m e k), ke AR RIFBERKE 11 A 12 A%
SYARA, WEM 1 AZE 3 ARG AEA, FFRIH 160 5i%EAT NCEP/NCAR Fa#T9ekl, I8 2050 1F 48 s 5L
(EOF, empirical orthogonal function) 41K T-Z=5 (¥ EOF (SEOF. season-reliant EOF) 4MiiiT 62 473k
B RIS 1) S S o S BTl B 2 AN ol 11 €450 D W VA1 NG 2 8 o N < - 2 O 4 N
KRG AURAEBR AL TS EOF AR 8] 330 4 I — SO AR AR g A AH B A8 Ak H I R) R 400m)
%#ﬁjﬁ‘ﬂﬁ MAr A I A EEmIE (A b (BB FEIR (A MR, 5 A IS TR A X
e MR TR 50% /5 . dE—, Jdid SEOF 40 fif45 3 T A BrAs A0 i [a] RUBE |- 3R 4 2= SR AL I P A~ 32
%1‘%#&0 HHES (SEOF1) i &3 J5 & FIAHETAE R, AIfr 42 —Buiwmz () N5 &8 E—Buwg (3),
IZAATE 20 tEA0 80 (A AT B BIWEARSRIEIE; 55 8IS (SEOF2) I NHT&F)5 & RAHE AR, RIFr4&
EBmre () ME&2EBRE (B, ZESUERRLN T MIRG MR, ha iR
TR ) o DR AH G 20 (10 A A s ) o) 152 1) Y Ry AR RS 7 AR (1) B2 S K] - SEOF 1 [ R R I A it J2 v i
PRV 44 MY T8 AH S R AR FEAN KB FR S 5 S8, 55 A A 1R Il = P 2 0 R R I o 2 A I i 5 1 AR A A
AU 5 AR A28 IR S — SO iR BRss , AIf 5 R RIAIE AR . SEOF2 1R ALTE BT AR B A BRI RE AH
KANHFAE, AR ZE AR NAR R, MG ARG S EEENRETRERE, SRR SR
Y TEAT OGBS RHAE BT 5 R AR T i, AT 5 S AT A BEES
XER AR FAX AR T FBWNEA ORI
YEHRS  1006-9895(2014)03-0524—-13 mESES P466 XERFRIZES A
doi: 10.3878/1.issn.1006-9895.1401.13320

Interannual Variations of Early and Late Winter Temperatures
in China and Their Linkage

WEI Wei'?, WANG Lin’>, CHEN Quanliang', and LIU Yuyun

1 Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences, Chengdu University of Information
Technology, Chengdu 610041
2 Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100190

Abstract On the basis of monthly mean surface air temperature (SAT) data from 160 Chinese stations, the boreal winter
is divided into early winter (ND, November and December) and late winter (JFM, January to March of the following year)
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by analyzing the relationship of SAT among different months. Following this definition, observational data from 160
Chinese stations, and reanalysis data from the National Centers for Environmental Prediction/National Center for
Atmospheric Research (NCEP/NCAR) are studied by empirical orthogonal function (EOF) analysis, season-reliant EOF
(SEOF) analysis, regression analysis and composite analysis to determine the interannual variations of early and late
winter temperatures in China, their linkage, and related atmospheric circulations during the most recent 62 years. The
first EOF modes in both early and late winter depict a pan-China temperature variation, and the second EOF modes in
both early and late winter describe a temperature oscillation between northern and southern parts of China. An inspection
of their corresponding principal components (PCs) indicates that if a certain SAT mode is observed in early winter, the
possibility of observing the same SAT mode with the same sign in late winter is approximately 50%, which is nearly
equal to that of observering the same SAT mode with the opposite sign. These results indicate that averaging the SAT for
the entire winter is suitable for the former case and unsuitable for the latter case. Therefore, it is necessary to divide
winter into early and later winters when the variability of wintertime SAT is investigated. To capture both the major
modes of the SAT’s interannual variability and the relationship between early and late winter, SEOF analysis is performed
on the covariance matrix constructed with SATs from 160 Chinese stations recorded in both early and later winters. The
first SEOF mode (SEOF1) captures an in-phase evolution of SAT from early to late winter. Its PC time series indicates a
distinct interdecadal change in approximately the mid-1980s. The second SEOF mode (SEOF2) reflects an out-of-phase
evolution of SAT from early to late winter. The corresponding PC time series is mainly featured with interannual
variability. In the middle troposphere, the SEOF1 mode is closely associated with the Scandinavian teleconnection of the
same sign throughout the winter, which consequently leads to changes in the intensity of the East Asian winter monsoon
by altering the land—sea thermal contrast over East Asia and the intensity and the meridional location of the East Asian
upper-tropospheric jet stream. In early winter, the SEOF2 mode is correlated to the Eurasian teleconnection, and the
associated circulation anomalies are significant throughout the entire troposphere. In late winter, the Scandinavian-like
teleconnection of the opposite phase dominates, and the significant circulation anomalies are observed only in the middle
and lower troposphere. These results suggest that mid-latitude atmospheric internal dynamical processes, particularly
atmospheric teleconnections, are the main causes of the formations of SEOF1 and SEOF?2.
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Fig. 1

The (a, e) seasonal (DJF, Dec—Jan—Feb) and (b-d, f-h) monthly (Dec, Jan, Feb) averaged surface air temperature anomalies (°C) in the winters of

2001/02 (left) and 2007/08 (right). Solid (dashed) contours: positive (negative) values; CI is contour interval (the same below)
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Fig. 2 The first and second empirical orthogonal function (EOF) spatial modes of early winter (ND, Nov-Dec) and late winter (JFM, Jan-Feb-Mar) surface
air temperature at 160 Chinese stations for the period 1951/52-2012/13: (a) The first mode for ND; (b) the second mode for ND; (c) the first mode for JFM; (d)

the second mode for JEM. Dark and light shadings indicate the 99% and 95% confidence levels, respectively; solid (dashed) contours: positive (negative) values

(CI: 0.2°C)
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Fig. 3 The first season-reliant EOF (SEOF) mode of early winter (ND)
and late winter (JFM) temperature in China for the period
1951/52-2012/13. (a) Regression map of surface air temperature in ND
onto the normalized principal component of the first SEOF (SPC1); (b)
regression map of surface air temperature in JFM onto the normalized
SPC1; (c) normalized SPC1 time series. Solid (dashed) contours: positive
(negative) values (unit: 0.2°C); dark and light shadings indicate the 99%

and 95% confidence levels, respectively
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component of the second SEOF

(SEOF2) fiftR¢ T TJ7 2519 20.1%, o= o0 th
R A4 EA— B2, (1Y SEOF1 Fr4.
Ja & IR O RS A LG, SEOF2 230 H A 44
vy (B8 M &4 E—8umig 4 1A
FEFIE (P das b)Y, XTHIRATRRZ WAl J6&
(1) S ARV AR RS o S AFT AR RS (1) 2% W) 49 A1 5 (R AH
BB AE R AL, SR b 25 A 560 117 X
Wb, G T SR R L DL AR X 5 5 7R AT 4
MG AHARTE, Mo, 57 AT 28 fg Ui X LA
JOR AR ERICHX S AL . SEOF2 (1
M R4 (SPC2) FELUERRARMA &, BAHEMN
KA ERRME S (B 40).

SPC1 HHERIE A (K 3c), Bk T %52
JIfR s W2 2 B KA g, BATH# SPCL,
SPC2 LA RSk 2 e, JFLLIE A 0.5 AMbrife
25 R PP IE AR, 43 160 5k BRI NCEP/



31
No. 3

TR FRE TG & A PR I RFIE S AR

WEI Wei et al. Interannual Variations of Early and Late Winter Temperatures in China and Their Linkage

531

NCAR ZERbx [F]AH 5 AR A S AR AR 5 TE AT T &
O HT . SRR, LRI EET 160 B & sl
RERZEHABPEIAZER (& 3a. b HlE 4a, b)
JUFEe—3, FEMARITE T LG IEEHA G
SPC1 )G 1 el A 75 7 v Jit A 3 DA R b DX PR S AN
iR (Eg, X457 NCEP/NCAR {147 #7
PRI AR T 3k DUEsE (B 5). [FI, 3&F NCEP/
NCAR f 73 iR 25 RAB R W, IXMPRT . 5 4 [A)
AU [ AF R s A Y AR RS B A AR ORI 2 () RS
ST [R AR AR A SEOFL TS, i 3 i i
S LIS AR AR, HEE R A
VUSEAR B RRP s [R5 RO KT b iRy T 3 B2 S
ARAEBE , 0 LA D AT LIS 235 B 67 8 (K Sa.
b)o SFRAEHABASM L, RAHARBZ SEOF2
(1) 20 [ ] BE B8 1) R ) LR /N —2, {HAERK
Kl R A X sk AR AT DIOBEI 31 5 0K Bk RS A X
MR R (B Se. dDs
42 PESMMHXSHIREE

P A A AR 2 B R A ZE R R S
SO, DRGNS v R ()R 3 7 R s A 3 73 P i

(a) SEOF1-ND CI=0.4°C
-

90N

JE AR BEAS  AR 5 2R 0420 IR 2R 408 1K) AR Al 5 Tk
Fo ARILAZERGE ARV S A AR RS A 0 &R
gt, HAELEAGURE G I ) VAR S s B
B PTG S A A PR A A v Hs AR R P B, R
JA R T H AR AT (1) A KA DL AR 2 2
HUOE T H AR AR B 45 0 5 25 2 (Huang et al.,
2012), O THIFFT Lo PR AR s AR RS ™ A I A
R, T oRIATH SPCI Al SPC2 %A [T I
HAREMEN IR LR —ocgetkmla, A
71N T AR S I B A IR R . AR AT 2
B, BATK T S 1 SEOF ) i 1) 72 41 41 2 b A
WA

Kl 6 /& SPCI [RI)A43 2 KR, W]
W, LEFAHBAS A2, AT, 5 &G
N, AR AR ER ] R SR SRR
W PR D B2 TR, 1N B 2R A
VG X, B PR A ey s S i 55 &
6a). [A]IN, %50 B AWE RS, JFAE 500 hPa
P 3 gy b 5 I LD AR ITT S £ 4 2 Y 7Y 3% AH O
(Barnston and Livezey, 1987; Bueh and Nakamura,

(b) SEOF1-JFM CI=0.4°C
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Fig. 5 Composite maps of surface air temperature (NCEP/NCAR) according to SPC1 and SPC2 of surface air temperature based on detrended data: (a) The

first mode for ND; (b) the first mode for JEM; (c¢) the second mode for ND; (d) the second mode for JFM. Solid (dashed) contours: positive (negative) values
(CI: 0.4°C); dark and light shadings indicate the 99% and 95% confidence levels, respectively
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(a) ND-SLP CI=0.5hPa  (d) JFM-SLP CI=0.5 hPa

K6 FEF4 (ND) FjF4 (JFM) i SEOF N[ F#41 SPCT X FMRIZ MBI S4T (I A B A BORI 238 THINZ A0 () B4 Vi
SR (AIRGE: 0.5hPa); (b) R4 500 hPa A4/ (ABG: 1gpm); (c) R4 200 hPa i K37 ([AIFE: 1 m/s). (d. e £) [ (a, by ¢), {H
NG4S G SEHZ: IE (50 fH: W KPS MR 99%F1 95%1) 2 T A4

Fig. 6 Regression maps of atmospheric circulation onto normalized SPC1 of surface air temperature based on detrended data: (a) Sea level pressure for ND
(CI: 0.5 hPa); (b) 500-hPa geopotential height for ND (CI: 1 gpm); (c) 200-hPa zonal wind for ND (CI: 1 m/s). (d, e, f) the same as (a, b, ¢), but for JEM. Solid

(dashed) contours: positive (negative) values; dark and light shadings indicate the 99% and 95% confidence levels, respectively

2007; Liuetal,2014) SIAHRIPMAARFAE: LARgHr  AENIE, REIAROCHEIAZE . SRR L s Ay
gy TR AT BT A R RS, T KR DN 28T A (& 6b), 200 hPa £ i) A7 I, AR 2GRN
P LA B B, b aE — A R REM R B ARKSEH, LT AL ERTE 60°N i
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Fig.7 Asin Fig. 6, but based on SPC2
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