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Fig. 1 The variation of winter minimum temperature anomaly in Liaoning from 1975 to 2015
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Fig. 2 Spatial distribution of North Pacific storm track in winter from 1975 to 2015 (dagpm®)
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Fig. 3 The variation of North Pacific storm track intensity index in winter
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Fig. 4 Distribution of correlation coefficient between North Pacific
storm track intensity index and winter minimum temperature in
Liaoning (shaded areas denote the significant level at 95%)
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Tab. 1 The years of strong and weak North Pacific storm track

strength index in winter from 1975 to 2015
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Fig. 5 The winter minimum temperature differences between years
with strong storm track and weak ones
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Fig. 6 Distribution of correlation coefficient between North Pacific storm track intensity index and 500 hPa geopotential

height variance and Geopotential height anomaly differences between years with strong storm track and weak ones
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Fig. 7 Distribution of correlation coefficient between North Pacific storm track intensity index and sea level pressure field

and Sea level pressure differences between years with strong storm track and weak ones
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Fig. 8 Distribution of correlation coefficient between North Pacific storm track intensity index and 500 hPa zonal wind field

and 500 hPa zonal wind differences between years with strong storm track and weak ones
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PR R BEFEEL . AR P RO 5 18 i 5 % 4% 2 IR B R OV by 6 RS b X R A A i 46 281
R, JCPEERI RS E (1,) FORHICE B A Ok R G022 W it 2= 1) 74 35 34
TARMERORE, R KM SR (L) FH30°N~50°N., 120°E~150°E X B8F-( 500 hPa &
FE RS- 37 22 /R, R s 283 Wi PR RE L, PEAARE s R AR AL (Iey) A ZET0°E~
120°E ., 40°N~60°N X 3 F- Y V-1 SR, BT HAUE (L.) F8EUE MRS Trenberth 252



1170 M BL O OIR 724

f5E L, 5 30°N~65°N | 160°E~140°W - T T A DX BEEE SChy T B H ARG 5
JE, B A ] B FR A M, ARJEAHEIE R 5E ™, 500 hPa £ ) KU AT FHARAEAR
WAF NI, il (1) Frs, HE SCRagmidi i XX 2 15 8 Y IE . a5+
WK TR, B RERISR AR R (L) TEN BT TR T TARMEALALPE,
L = Uso(25° = 35°N, 80° - 120°E) - U, 50° - 60°N, 80°-120°F ) (1)
208 H T R P R U i
SRS A TR 1S B B RLC 2 A 5 2 ‘%j(‘\.ﬂ—um?ﬁﬁiﬁ;;:;(g F X FE R EEE
Bﬁ‘[% EF' f&}igﬁngg é&& l‘ s Jﬂ%?ﬂl?ﬁfg Tab. 2 Correlation coefficients between atmospheric circulation
5‘73’;‘&5 /ﬂ\:'fﬂjﬂ:(ﬁ ij’lé‘ﬁ I‘ETJ El’\] *ﬁ 3‘%% é&i’;} exponentials and North Pacific storm track strength index
WL T 95%I) A PERE IR . B REAR HDEREC I I I I Lo
M4 s , %jtqu#m%%{ﬁ{j] Isr 04647 05517 -0.449"  0.089  -0.495"
TR, X IR EARR , PUa R TE: * i 0s%mEER; **: i 09% i E IR
s PR BT, R R R RO, XARUR R, AR ES JLR , AR P X
D OwAE . 7 AR T 00 P XA s, AR A ZE R GE T sl s, AN 318 25 S Te) g
%28, LTHLFRIETRAIT S, 2 YRS SRS, 2420 R EEE 8h
M, LT A TR AR R TR SR A AR AR, TP il R R BT AO
B SHRHIE, I BB WPIEAHCHE!, Ailm K28R, T, JERFF
DA S —E R b n] DUSOAR I —JU R R MR S, alad 5 B ekoR
ORISR A B E A S T XA 5L T & B e R R 1 — E R AR

5 ZieHihe

FIHNCEP\NCARZ H . & H Forroekl, 1074 52064 H SISO, fHAE
Ko BRI T, XL TR A ZE R AR AR S AT XU i A B s AR R T 4
Br, BEHEIRE A 57 3 06 o 510 TR A BRI T RER R, EEL58 0.

(1) ILTEEBREAMTIRATAE D E N BAEARLRE, 20 228 80 4RSI LR N A
X BT, SRR 3, 80 AR HIN S 2 2015 AR R LAUERE Bz 32, 1986
TENRAVIR R, 28X SRR A B S0 G . T i p i s 0 i) 22 1k 4
fE o UK KRR A A A KO3 B — S RASE s (i, TPobsR 1k 26.0
dagpm? LA I, BAT B E MAEARPRASLRRAE .

(2) KBl B 850 510 78 & R RS AR R — Bt AR LR . 240 K
FERER R OF59) B, ITELEREKEE (B, KPR, A%,
5. WH— TR (BER) W,

(3) YL KRGS HE G sht, 5HARRRASEA S KA & 28, 2k
AL TN S T A A RAIRM B R . ARG SR AR, VEIA R
Vel 5 ] B HR TG TR A VR B ARAE AR B AU AP IX VBl SR 22, TR R
SWAIEALILHIX . 500 hPa = 37 B, ARV ARG CE, DUMZRMILAYE LAJb K
B, AWHXARLE AR, T80T EEEER XN, ZEAiEs, 6
FFRETHE . MRZR2EmRg L, hEmdidim U mE, R0 iREGRILE, PR
S ) RS, RS Z I ) KU 2 1 VI AR DS, AR A TR 55, T4 ) B
Ko AURPEXETG ShA554E, TEMUAR, LT H ERG IS4,

(4) JE KRR B 51 T A & B R AR IR AR A EE R, R




7H] XN 2 IR ARl ) 5 3 3 5 1L T A R IR AR &R 1171

N BRI AR B BC A R XL 7 8 & e R A AR PR 22 ey — e TR IR
EAE AP KRR Bl i B2 O A28 55 ZR A R PR R i s Bl B AR A5 R G =2 1) 5
R 22 AL 2t — 2P BT

22 3k (References)

[1] Sun Fenghua, Zhao Chunyu. Analysis on the characteristics of temperature change in Liaoning during the last hundred
years. Journal of Meteorology and Environment, 2002, 3: 14-22. [FhRUAE, XM, 1270 B AR IR AL LS AR E 7
. G 5WE AR, 2002, 3: 14-22.]

[2] Yang Suying, Wang Qianqgian, Sun Fenghua. The winter air temperature anomalies and the changes of the atmosphere
circulation characteristics in southern Northeast China. Journal of Applied Meteorological Science, 2005, 16(3): 334-344. [
R, Eilile, PhRER. IR AL R AR RS MO IR RS AL, BTS20, 2005, 16(3): 334-344.]

[3] Liu Shi, Yan Minhua, Sui bo. Advances in the research of winter air temperature variation of three provinces in
Northeast China. Advances in Climate Change Research, 2009, 5(6): 357-361. [XIJ55, IEIf1E, b5, RIL=H4 TR
LA RS . AR AT ST R, 2009, 5(6): 357-361.]

[4] Shen Zhichao, Ren Guoyu, Li Jiao, et al. Winter temperature variability and its relationship with atmospheric circulation
anomalies in Northeast China. Journal of Meteorology and Environment, 2013, 29(1): 47-54. [JL &8, 1T E &, 251,
A P EARIEHIX A T RAL A SO S RIS IR R S FRBEER, 2013, 29(1): 47-54.]

[5] Zhao Lianwei, Jin Wei, Zhang Yunfu, et al. Spatio temporal distributions of winter air temperature and its conceptual
prediction model in Liaoning Province. Journal of Meteorology and Environment, 2009, 25(1): 19-22. [ 45, 444, 5k
B, G LT A TR 28 O3 A RAIE BRI AR A S FREE AR, 2009, 25(1): 19-22.]

[6] Hu Xiuling, Liu Xuanfei. Decadal Relationship between winter air temperature in Northeast China and Arctic
Oscillations. Journal of Nanjing Institute of Meteorology, 2005, 28(5): 640-648. [ 75 ¥, XI'H K. ZR At X & Z<
LA ESNFPR R VI, B RUIRFBEFAR, 2005, 28(5): 640-648.]

[7] Gao Feng, Sui Bo, Sun Hongyan, et al. Variation characteristics of winter air temperature and circulation field from
1951 to 2008 in the Northeast China. Journal of Meteorology and Environment, 2011, 27(4): 12-16. [ =&, F& i, #h
JHE, 5. 1951-2008 4 AR AL Hb X 4 22U A8 fb SR A RRIE. 4 SR EF4], 2011, 27(4): 12-16.]

[ 8] Wang Hongyu, Gong Qiang, Sun Fenghua, et al. Temperature anomaly features in Northeast China and east of North
China and primarily analysis of its mechanism. Plateau Meteorology, 2005, 24(6): 1024-1033. [T %25, ZE5ik, #hX1E,
S5 RAC AR U AR L R IE B R R 2L 20T <4, 2005, 24(6): 1024-1033.]

[9] Pang Ziqin, Guo Pinwen. Interdecadal variation of relationship between AO and winter temperature interannual
variability in Northeast China. Transactions of Atmospheric Sciences, 2010, 33(4): 469-476. [J&F 3¢, F i 3. N F4FE
FRBRTTST A0 54T PRI UR M KA. KRR, 2010, 33(4): 469-476.]

[10] Liu Shi, Sui Bo, Li Ji, et al. Influence of East Asian winter monsoon on winter air temperature in Northeast China.
Scientia Geographica Sinica, 2015, 35(4): 507-514. [R5, FEI, 254, 5. R4 Z WUkl AR 4 2 AR AR5
M. M IR, 2015, 35(4): 507-514.]

[11] Fang Yihe, Zhang Yunfu, Shao Pengcheng, et al. Variation characteristics of winter air temperature in Liaoning province
and its relations with East Asia winter monsoon. Journal of Meteorology and Environment, 2014, 30(1): 57-63. [ /5 —
R, skis ki, ARMGEE, 55, 1L T A TR ERIE S 5 R A TR G R, AR HHETFH, 2014, 30(1): 57-63.]

[12] Zhu Yanfeng. An index of East Asian winter monsoon applied to description the Chinese mainland winter temperature
changes. Acta Meteorologica Sinica, 2008, 66(5): 781-788. [A<Hld. — >3t F i A v [ Bl 4 AR AL 19 2R W1
L BFEEL. GFR, 2008, 66(5): 781-788.]

[13] Zhu Weiju, Li Ying. Inter- decadal variation characteristics of winter North Pacific storm tracks and its possible
influencing mechanism. Acta Meteorologica Sinica, 2010, 68(4): 477-486. [ R4, 224%. & Z b K1 T A 4EAL
PR AR AE ST RESEIRAILE. AL, 2010, 68(4): 477-486.]

[14] Li Ying, Zhu Weijun, Wei Jiansu. Reappraisal and improvement of winter storm track indices in the North Pacific.
Chinese Journal of Atmospheric Sciences, 2010, 34(5): 1001-1010. [2=%%, &A%, E 5. & Z AU AR X Bl 5L
HIPEAS B Het. KRR, 2010, 34(5): 1001-1010.]

[15] Deng Xingxiu, Sun Zhaobo. Characteristics of temporal evolution of northern storm tracks. Journal of Nanjing Institute
of Meteorology, 1994, 17(2): 165-170. [X%75, ) B ). 2= ER XGRSl 04 IR B] A8 FRAF . R BTG4 BE 2441, 1994,
17(2): 165-170.]

[16] Ding Yefeng, Ren Xuejuan, Han Bo. Primiary analysis of the climatic characteristics and variability of the north pacific



1172 M BL O OIR 724

storm track. Scientia Meteorologica Sinica, 2006, 26(3): 237-243. [ T M- X\, ATZ 48, S Jb A1 Rl 1) AR
FHASORIRIEEIE. LG R, 2006, 26(3): 237-243.]

[17] Zhu Weijun, Sun Zhaobo. Interannual variability of northern winter pacific storm track and its association with 500 hPa
height and tropical and northern pacific sea surface temperature. Acta Meteorologica Sinica, 2000, 58(3): 309-320. [4&
%, VIR, 4 T T KR il 1 AR B8 Ak S 5 500 hPa i 5 DA S G R AT 1R I IR R . R 24 31,
2000, 58(3): 309-320.]

[18] Chang E K M, Fu Y. Interdecadal variations in Northern Hemisphere winter storm track intensity. J. Climate, 2002, 15:
642-658.

[19] Gu Peushu, Zhu Weijun, Liu Mingyan, et al. Storm track anomaly over the North Pacific in winter and its relation with
atmospheric circulation over East Asia. Journal of the Meteorological Sciences, 2013, 33(6): 610-618. [JFiiliig, 4fH %7,
XN EE, 25, A AU KRR 8 L SRR AT KR, LGB, 2013, 33(6): 610-618.]

[20] Mu Mingquan, Li Chongyin. Interdecadal variations of atmospheric circulation (I): Observation analyses. Climatic and
Environmental Research, 2000, 5(3): 233-241. [FRHIAL, 25440, KA FAVAFARPRAS IR @): SRR 8. A s
HEEHIFSE, 2000, 5(3): 233-241.]

[21] Gong Daoyi, Zhu Jinhong, Wang Shaowu. The influence of Siberian High on large-scale climate over continental Asia.
Plateau Meteorology, 2002, 21(1): 8-14. [ZEiE i, RERLL, T 5. PEAAR) TV 125 e Xk SV R ok 4 A0 A 2w - A 7o Dot
54,2002, 21(1): 8-14.]

[22] Trenberth K E, Hurrell J W. Decadal atmosphere-ocean variations in the Pacific. Climate Dyn., 1994, 9: 303-319.

The North Pacific storm track anomaly and its relationship with
winter minimum temperature in Liaoning Province

LIU Mingyan, HOU Yiling, ZHOU Xiaoyu, YI Xue, ZHAO Chunyu,

GONG Qiang, CUI Yan
(Regional Climate Center of Shenyang, Shenyang 110166, China)

Abstract: Based on the daily minimum temperature data from 52 observational stations in
Liaoning Province and the NCEP/NCAR reanalysis data from 1975 to 2015, with composite
analysis and correlation analysis, the spatial and temporal features of the winter minimum
temperature in Liaoning and North Pacific storm track are analyzed, and the North Pacific
storm track anomaly and its relationship with winter minimum temperature are studied. Some
conclusions are drawn as follows. The winter minimum temperature in Liaoning had an
obvious abrupt change around 1986, then the temperature continued to rise. The North Pacific
storm track and the winter minimum temperature had synchronous consistent variation. In the
years when North Pacific storm track was stronger, the winter minimum temperature was
affected by the southwestern flow; at the same time, the Aleutian Low and Siberian High were
at lower level, and the East Asia Trough weakened as it moved to north, the East Asian westerly
jet stream at 500 hPa also moved to north. All these led to the weaker East Asian winter
monsoon circulation, which was not conducive to the southward movement of cold air, leading
to a higher winter temperature in Liaoning. In the years when North Pacific storm track was
weaker, lower air temperature was observed in Liaoning. The main reason for the change of
relationship with North Pacific storm track intensity and winter minimum temperature is
anomalous change of atmospheric circulation at middle and high latitudes.

Keywords: North Pacific storm track; minimum temperature in winter; atmospheric circulation
anomaly; Liaoning Province



