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Fig. 1 Correlation coefficients between cold surge frequency and its influencing factors
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BEKR R E LR R T AR A AR I — P4 B AL ] B RS 208 1L kR R AL P A
A B L LK, PR TR B A T 1] P b ) B8 £ DR B A2 B P AR AR 25 S S2 ), i
SRS SR B A DX, T RS L KA SR A LU 1 ik e SR A v dse /b, B R
WAz A S RRE, IR RE R R S AR AR E KIKE A, BIIR R 242 pa A 1L
B, — i H TR PER, B RCYR RS, SR SWh ., INmZEILRTE
RIEE A s S — 7 FRILOE R 2 dExE " BICSURSME R FRRAE , RN
TEBNGEE, MYANRRERBEIWRE, EEOEMAT, Bahuigiet, xR
SBT3, DI 42204 A4S R 9 L i 350 s DX A SE AT R 35/

5 ZigHihe

5.1 #ig

(1) 3T S34FE NSt Bl FE T B IR 2 R RS, B -0.51k/10a (-2.4~1.21k/10a), FF
HAA BB 00 Be AR e, b 1991 2 jir 2 B s/ b a8, FREhA-1.1k/10a (-3.3~2.5
W/10a); 1 1991 4F 2 5 SIS, 345358 0.451K/10a (-4.4~4.21K/10a), FZ=FEM@IHIR
ARG AR 8, BESENHEMEN BE; IR AR N AL RN
XU LERY, R AR AR 10-11 ARKAES A, B 11 A RESIRRZ .

(2) M) F, NS G IR R B AT B 3 02 M 22 S RRE, m R X ENSN I
JeERA IR, HALERE Tl AR R, 20 20 60-90 4 8] = 49 X I,
T FRIAE /L | AR X e P e 3G s T 21 H 20 A 0 e A X e B AT s, B X 32
RS AR E B N3, DU ERR T SEREID I ILAh, FEEIm A X SN
52T ARG A XA — 8, 23 [l B E A I as 235 2 b A BOl A= 77 i il ™
AU

(3) 3T 53 4 PN S FE AT IR S DR B DX AR T X 8 93.04% . 4 BEF 9T &
B, 1960-1991 i/ a4 3 R TR i B ke B, i 99% LA I 11 IX 3544 2 i /b
B, B AR T -1 /10a B X 5 70.82%, B35 2 TRAFIETBL R 12.67%; 1M
1991-2012 4 S /D A RN BG I 4 DX 0 31l o 23.72% 11 76.28%, ik 2 38 DX Jaf 3= %53
A FE BRI ) B R B M N S S BRI T S5 b

(4) FAEREM S, FEMFE2Z A0, NAO, CA. APVILHICQ¥EH, mifkZ1ikshH
RO, X295 A0, NAO, SHI, CA. TPI, APVII, CW Ml1Z ¥k %) i A%
KR, WA ZIEN 2 2R R R AL, BRI 22 CAFIM I ; 1 22T
5 CAMAPVII KR B E . WE N FEEI R A SR, 3 FE I A0k 2 PG hin 44
B, ST RET, Wm U B S50 —20.

5.2 itig

TERERSEAERT 5t T, RAIPFEHE . Wom S S R R 1 ke A T A8
b, TG EEOCTERGR X — U TR, M X o R AT OKY, FF B AR
HEBRFESBENENIRDE SR, SR R F NS EZEE N, — & A FE S
Uit (IR ZE A 2 25 R GE R A5 F AT R AR K T IR IZE 1) B2

TR, BEERVEYIEFAGEENHY, R B 58 52 6 SRR K F k4
WEE R, HIL, IREEEHFEERERN T TR A BA % R R ENE
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o Rl BRI ISEAIE ST A BRI 10 45 P4 S5 40 R Al g DA i A O 8 ot 2 0>
X AT 10 4R €00 A XA &, 26 UG FIEH) Je 1R A
i AU [N 2R 22— 2 — AP TR
T3, FERIR MO IR 5 2 i A, U T AR B i X €] ik T S
KoEF, TR B M AHOIL A A MU 0 e AN, R, DGR SR 2 A fE s
ik, i S ) IXUBS Pl A R R AR A& N RE T | 35 ZR G BT I U RE T 114 B BT
B, (afat—2 R0

S Z& 30k (References)

[1] Zheng Jingyun, Hao Zhixin, Fang Xiuqi et al. Changing characteristics of extreme climate events during past 2000
years in China. Progress in Geography, 2014, 33(1): 3-12. [¥R5 2, M08, JriEsr 46, hEE 2 2000 A% S o
PSR THRRIE. MhIRRbAE I, 2014, 33(1): 3-12.]

[2] Cui Linli, Shi Jun, Zhou Weidong. Characteristics of extreme temperature variations and their response to urbanization
in Shanghai. Scientia Geographica Sinica, 2009, 29(1): 93-97. [BAKWN, B %, JEME 4. Wl < IR AR TR RFAE A HLxt
WAL AR R, HbEERLE, 2009, 29(1): 93-97.]

[3] Easterling D R, Meehl G A, Parmesan C et al. Climate extremes: Observations, modeling, and impacts. Science, 2000,
289(5487): 2068-2074.

[4] Stocker D Q. Climate Change 2013: The Physical Science Basis. Working Group I Contribution to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change, Summary for Policymakers, IPCC, 2013.

[5] National Assessment Report on Climate Compiling Committee. Second National Assessment Report on Climate
Change. Beijing: Science Press, 2011. [ {53 — R UBEAL R ZIPAR IR ) 95 2 A 2. 55 R UR L AL IR KPP i
& dbat Bles b, 2011

[6] Zhai Panmao, Ren Fumin. On changes of China’ s maximum and minimum temperatures in the recent 40 years. Acta
Meteorologica Sinica, 1997, 55(4): 418-429. [#2# /%, T4 R, Hp =13 DY 4 f w S IR B AR b, R 28 40, 1997, 55
(4): 418-429.]

[7] Zhai P, Sun A, Ren F et al. Changes of climate extremes in China. Climatic Change, 1999, 42(1): 203-218.

[8] Li Xianzhi. The research of cold wave in East Asia//China Modern Science on the Election Issue, 1955. [22%E 2. ARl
JEMZZR MBI/ R AR AR5 T, 1955.]

[9] Tao Shiyan. A synoptic and aero logical study on a cold wave in the Far East during the period of the breakdown of the
blocking situation over Euroasia and Atlantic. Acta Meteorologica Sinica, 1957, 28(1): 63-74. [Fi 1 5. FHLIETE A M IR
W AR T —POTEI AR . R 74, 1957, 28(1): 63-74.]

[10] Wang Zunya, Ding Yihui. Climate change of the cold wave frequency of China in the last 53 years and the possible

reasons. Chinese Journal of Atmospheric Sciences, 2006, 30(6): 1068-1076. [ £, T —i. 3T 53 4= [E &34 1 48
ABFRIE AT RSN, KA B2, 2006, 30(6): 1068-1076.]

[11] Qian Weihong, Zhang Weiwei. Changes in cold wave events and warm winter in China during the last 46 years.
Chinese Journal of Atmospheric Sciences, 2007, 31(6): 1266-1278. [£k4E%, TkEiEE. FRIEIT 46 Hk (K FE I 25 A8 1k
A ZEHAR. KARE, 2007, 31(6): 1266-1278.]

[12] Zhou Y, Ren G. Change in extreme temperature event frequency over mainland China, 1961-2008. Climate Research,
2011, 50(2): 125-139.

[13] Chen Yeguo, He Dongyan, Nong Mengsong. Change of cold wave in the Nanning area under global warming.
Advances in Climate Change Research, 2008, 4(4): 245-249. [V [, fa &3, KT, EBRASE T 5 1 g 77 i X JE
TSR L. SRR FTHEE, 2008, 4(4): 245-249.]

[14] Wang Zhengwang, Zhao Guixiang, Zhang Ruiting et al. Characteristic analysis of cold wave weather in southeast area
of Shanxi Province during last 40 years. Journal of Natural Disasters, 2010, 19(6): 55-60. [ ¥ 1ERE, X, 7Kz,
S INTUAR R AR HLIKT 40 SETEMIUBAFAE/IAT. A ARKE 4R, 2010, 19(6): 55-60.]

[15] Mansur Sabit. Climatic characteristics of cold wave and its impact on agriculture in southern Xinjiang in recent 60
years. Journal of Natural Resources, 2012, 27(12): 2145-2152. [{#i75/K » YD I3, B8R 60a e JE ) A 4 Ak e HExof
AV AT, HAREEIE AR, 2012, 27(12): 2145-2152.]

[16] Guo Linghui, Wu Shaohong, Zhao Dongsheng et al. Change trends of growing season over Inner Mongolia in the past
50 years. Scientia Geographica Sinica, 2013, 33(4): 505-512. [$R3HE, Sgiut, WA TF, 45, 35 S04EN S K A K 2
A b, wEELE, 2013, 33(4): 505-512.]

[17] Wang Mingjiu, Zhang Cunhou. Climate change in Inner Mongolia grassland and the effects on pastoral animal



74 RERE 25 2 1T 53 AR A 5T FE NN 28 A8 AU RHAIE B LS P 2R 1023

husbandry. Inner Mongolia Prataculture, 2013, 25(1): 5-12. [FEHIFA, SKRAFIEE. P52 iy B S AR AR AR T X 7 HOl 19520
M. NSRBI, 2013, 25(1): 5-12.]

[18] Sun Yanling, Guo Peng, Yan Xiaodong et al. Dynamics of vegetation cover and its relationship with climate change
and human activities in Inner Mongolia. Journal of Natural Resources, 2010, 25(3): 407-414. [FM{F5, ZFMG, FEMELS,
S NSERERE AR R A . ANISIESIIOG R, HIRBEIRAAE, 2010, 25(3): 407-414.]

[19] Mu Shaojie, Li Jianlong, Chen Yizhao et al. Spatial differences of variations of vegetation coverage in Inner Mongolia
during 2001-2010. Acta Geographica Sinica, 2012, 67(9): 1255-1268. [B2/b7, 2580k, MRZEJK £, 2001-2010 4E M52
AR 25 BRI 2 AR AR . HUFTAAR, 2012, 67(9): 1255-1268.]

[20] John R, Chen J, Lu N et al. Predicting plant diversity based on remote sensing products in the semi-arid region of
Inner Mongolia. Remote Sensing of Environment, 2008, 112(5): 2018-2032.

[21] Sen P K. Estimates of the regression coefficient based on Kendall's tau. Journal of the American Statistical
Association, 1968, 63(324): 1379-1389.

[22] Kendall M G. Rank Correlation Methods. 1948.

[23] Tomé A R, Miranda P M A. Piecewise linear fitting and trend changing points of climate parameters. Geophysical
Research Letters, 2004, 31: L02207.

[24] Sun J, Wang X, Chen A et al. NDVI indicated characteristics of vegetation cover change in China's metropolises over
the last three decades. Environmental monitoring and assessment, 2011, 179(1-4): 1-14.

[25] Ding Yihui, Wen Shigeng, Li Yunjin. A study of dynamic structures of the Siberian high in winter. Acta Meteorologica
Sinica, 1991, 49(4): 430-439. [ 1 —IL, T #F, 225, & Z=0U AR & 8 I 25 IEoY. K244, 1991, 49(4):
430-439.]

[26] Wen C, Graf H F, Ronghui H. The interannual variability of East Asian winter monsoon and its relation to the summer
monsoon. Advances in Atmospheric Sciences, 2000, 17(1): 48-60.

[27] Yao Junqgiang, Liu Zhihui, Yang Qing et al. Temperature variability and its possible causes in the typical basins of the
arid Central Asia in recent 130 years. Acta Geographica Sinica, 2014, 69(3): 291-302. [Bk{R 5k, X|EHE, #H 4. T
130 AP Hp Il T 52 X S AR A A S i R 7. B2 412, 2014, 69(3): 291-302.]

[28] Chen Yuying, Chen Nan, Ma Jinren et al. Variety of Ningxia cold waves in the last 48 years and its possible reasons.
Journal of Natural Resources, 2010, 25(6): 939-951. [FEFE %, Bifl, Th4x(= 45, U 48 a 7° B JEWI 18 (L AE J 7T g
SO BRI ST, SR IEAAR, 2010, 25(6): 939-951.]

[29] Gong Daoyi, Wang Shaowu. Influence of Arctic Oscillation on winter climate over China. Acta Geographica Sinica,
2003, 58(4): 559-568. [F&if i, FAIR. T BRI G ST p A 22 SR sE . i BR2EH]E, 2003, 58(4): 559-568.]

[30] Huang Shoubo. Advance in the investigation of the topographical microclimate in China. Geographical Research,
1986, 5(2): 90-101. [# A7k, T ML NGNS ) 2. M BB ST, 1986, 5(2): 90-101.]

[31] Lv Jiong. Topograpical features and frost damage. Acta Geographica Sinica, 1956, 22(2): 149-158. [ & 4. HiTE 5 5
R, HIFRAAR, 1956, 22(2): 149-158.]

The spatial-temporal changes of cold surge in Inner Mongolia
during recent 53 years

LIU Xianfeng"?, ZHU Xiufang"?, PAN Yaozhong"?,

LI Shuangshuang"’, ZHANG Donghai"’, LIU Yanxu
(1. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University,
Beijing 100875, China;
2. College of Resources Science & Technology, Beijing Normal University, Beijing 100875, China;
3. Academy of Disaster Reduction and Emergency Management, Beijing Normal University, Beijing 100875, China,
4. College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract:Using the daily minimum temperature data of 121 meteorological stations in Inner
Mongolia and its surrounding areas, this paper analyzed the spatiotemporal variation of cold
surge and its possible influencing factors in Inner Mongolia during 1960- 2012, based on
piecewise regression model, Sen+Mann-Kendall model, and correlation analysis. The results
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show that, (1) The occurrence frequency of single-station cold surge presented a decreasing
trend in Inner Mongolia during recent 53 years, with a linear tendency of -0.5 times/10a (-2.4-
1.2 times/10a), of which a significant decreasing trend was detected before 1991, being -1.1
times/10a (-3.3-2.5 times/10a), while an increasing trend of 0.45 times/10a (-4.4-4.2 times/
10a) was found after 1991. On the seasonal scale, the trend of spring cold surge was
consistent with that of the annual value, and the most obvious change of cold surge also
occurred in spring. The frequency of monthly cold surge showed a bimodal structure, and
November witnessed the highest incidence of cold surge. (2) Spatially, the high incidence of
cold surge is mainly observed in the northern and central parts of Inner Mongolia, and higher
in the northern than the central part. The inter-decadal characteristic also detected that high
frequency and low frequency regions presented a decreasing trend and an increasing trend,
respectively, during 1960- 1990, while high frequency regions expanded after the 1990s,
regions with high frequency of cold surge were mainly distributed in Tol Gol, Xiao’ ergou,
and Xi Ujimqin Banner. (3) On annual scale, the cold surge was dominated by AO, NAO,
CA, APVIL, and CQ, while the difference in driving forces among seasons was detected.
Winter cold surge was significantly correlated with AO, NAO, SHI, CA, TPI, APVII, CW,
and IZ, indicating that cold surge in winter was caused multifactor. Autumn cold surge was
mainly affected by CA and IM, while spring cold surge was significantly correlated with CA
and APVIL

Key words: cold surge; piecewise regression; Sen+Mann-Kendall; spatiotemporal variations;
influencing factors; Inner Mongolia



