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air temperature (WSAT) over northeastern China (NEC) and its corresponding regional atmospheric circulation are
investigated based on monthly average temperature from Climatic Research Unit Version 3.24 and reanalysis data from
the NCEP/NCAR dataset for the period of 1980-2014. The results show that there are two major modes of the WSAT
over NEC, with the first mode describing a homogeneous structure and the second mode describing a seesaw pattern.
These two modes explain 78.2% and 8.6% of the variance, respectively. The first mode exhibits obvious interdecadal
variation characteristics with an abrupt shift in the mid-1990s, while the second mode shows both interannual and
interdecadal variabilities. The consistent WSAT warming in the whole NEC corresponds to positive 500-hPa geopotential
height anomaly and 850-hPa anticyclonic anomaly over NEC, while the seesaw pattern of WSAT over the NEC
corresponds to 500-hPa geopotential height anomalies that are opposite in the northern and southern parts of NEC.
Further analysis shows that the first mode and its shift in the mid-1990s are closely related with sea surface temperature
(SST) anomalies in the Sea of Japan and the Kuroshio extension as well as the Pacific Decadal Oscillation (PDO) and
Atlantic Multidecadal Oscillation (AMO). SST anomalies over the western Pacific to the east of the Philippines, the
central North Pacific, the southeastern coast of China, and the North Atlantic near the northeastern North America all
have implications for the prediction of WSAT in NEC. The second mode is closely associated with SST anomaly in the
Kuroshio Extension, but has no significant relations with global climate indices. Before the abrupt shift in the mid-1990s,
the second mode is affected by ENSO events. After that, the impacts of ENSO are not significant.

Keywords Northeastern China, Warm season surface air temperature, Atmospheric circulation, Sea surface temperature

anomaly, Climate indices
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Fig. 2 Spatial patterns of EOF modes of the warm season surface air temperature (WSAT) over NEC and corresponding time series of normalized principal
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the WSAT over NEC during 1980—-2014. Shaded areas are for values exceeding the 95% confidence level and the interval is 4 gpm in Fig. 4a
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Fig. 5 Same as Fig. 4, but for time series of thenormalized second principal component (PC2) of the WSAT over NEC. Shaded areas are for values exceeding

the 95% confidence level. The interval is 2 gpm in Fig. 5a
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W, P EARIEETEA AR GRS FidAE R . B
* PDO AT ANFNARES, o E RIS RS A
SRR ARG B AR, BB PDO X
ARACBE =SS P PR S A OGO R B
WHER, X5 E AR SRS KRR 2
) () 0 R EA R —8E (FFHESE, 2010). HK
J& AMO 8%, MHXHRECH 036, HLAMAHEN
24, WL T 90%[H) AT . i FURR X AN R AL
MHZ 5~9 AR REER A B, HP R
IR RSB H AL S PCL IR TESAAH L
E2 BTS2 A ARG 52, PCL BTG B (13 45
1i3%5 PDO FI AMO iX AN KR B FR B0 Front . (1)
HRR AT BT B 22 5% . i8R PC1 5 El Nifo 8204
FHOG, ARG R A I W A, 1B
M 20 140 80 4EARE, El Nifio S4x) v [ Z AL IE =
AR AR, XS RO E R
K75 ENSO (L R —8 (R A,
2007; Wu et al., 2010).,

M 1980~2014 FEEEANK B PC2 5K EEIR
WARB R RS R LA B, BRARILY
Nifio1+2 1 PDO FRE I 1EAH i K, ml 2 AH C R AL

HBIEAF B MK (B 102). (HZTE 1990 44X
SR, PC2 5 Nifiol+2 F850 (1) IEAH e d5 K,
R ARECN 0.63, HAMAMEN 17, #id T 95%
WK (B 10b); TifE 1990 FFAAH ISR )5,
PC2 5 Nifiol+2 FEEUIIAH SCHE AR Ny ARG, (H &
WARE, 5 NAO FaEU IEARCER 3, Jhdid
T 90% W FER S (B 100), HAIREIMH A
B3, XU T 24T 5 ENSO 445 o [ 4< AL g
IR AN« A PC2 5 Nifiol+2 FREUAH K &
Hity sl oAt o] LUR . 7ESAHT ENSO St 5
ARACACEBIE 2R AR W2 ) ARG, S IR
T H X A IEARDG, b= (A /3 Ai e ik 55 EOF2 (173 [H]
BEAFFAEARRL, EIEFIER ARG (& 11a); 15
e, HAWSE RN RO A5G, HaR
X A RAN R (B 11b).
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PR, T2 G hRgs T .
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Fig. 9 Correlation coefficients between time series of the normalized first component (PC1) of the WAST over NEC and global climate indices during 1980—

2014. The upper dashed line represents the 90% confidence level and the lower dashed line represents the 99% confidence level
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confidence level and the dashed line in Fig. 10c represents the 90% confidence levels)
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Fig. 11 Spatial distributions of correlation coefficients between time series of the normalized second component (PC2) of the WSAT over NEC and ENSO

(Niflo 1+2 index) for (a) 1980—1995 and (b) 1996—2014, respectively. The areas with dots are for values exceeding the 90% confidence level
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