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Fig. 1 Study area and meteorological stations in Xinjiang
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Table 2  Definition of extreme cold indices
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Fig. 2 Variation trend of average extreme cold indices and large-scale driving factors in Xinjiang during 1961 to 2016
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Fig. 3 Spatial distribution trend of extreme cold indices and time-series significance test
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Fig. 4 Cross wavelet analysis between large-scale driving factors and frost days (FD)

UKl R 75 1D 7 /& B & X2 B i A 2~3 4
IR [ E 5(a)~5(c) |, 7F 1~2 a(1965—1970 4 )
AR FW P, AO .NAO FIENSO 4 5 ID £ E A 5656
£ ;8~10 a(1976—1994 4F ) JL 4R JE 01 4 , AO i AH Hb
ID ¥t J5 90°; 7E 9~11 a(1985—1992 4F ) I % Ji 4 4
NAO v # Fb ID #if J5 90° ., 7E 2~6 a(1979—1989 4 )
AR JEI N, ENSO 5 ID 2 i F A A Kk R . KAE
X[ ES(d)~5(f) ], 7F 8~10 a(1972—1977 4)

LR JE N, AO 7 4 E ID ¥ 5 90°, H 1~3 a
(1965—1975 4F ) AR J& 1 N NAO 15 ID £ 1EAHSC ¢
% ;ENSO 5 IDfE E 4D B H 4R M, £ 2~4 a
(1995—2003 4F) &I HHA P ENSO (i AH#E i ID v 4 90°,
P T e LA AR R SRS IR 5 R R H (FD)
KR H (ID) B A B[] J7 1 19 58 SL/NE XWT 5
CWT i, KA g5 R UL K 3~FK 4, AO 5 6 MR
BAE S R RE i X A AE 21 4R D, AO 5 TNn,



53 =N A IR IR Sl R oy A i v R A B — SR A R 1545
8
4
2
1
12
1/4
: : 1/8
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
4y i
(b) XWT: NAO-ID (¢) XWT: ENSO-ID
AT & 10
0.8
0.6
0.4
0.2
P 0
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
4y 4y Hoy
(d) WTIC: AO-ID (e) WTC: NAO-ID (f) WTC: ENSO-ID
K5 BRBhIAF5 ID 38 SN BT
Fig. 5 Cross wavelet analysis between large-scale driving factors and ice days(ID)
#3 ZTNNERERIE(XWT) 458
Table 3 Results of cross wavelat power spectrum(XWT)
BHEEL AO MR NAO MR ENSO PSS
1-2a AO BARHEIF 90 ta
- o _
(2007—20104F) S (2005—20104F) 2~5a . .
TNn ENSO {3 fH#8 11T 90°
2~4a —_— 2~4a —_— (1980—19894F)
(1980—19904F) (1980—19884F)
ta AO B AR I 90° ta
(2008—20104F) . a (2007—20104F)
2~4 a 2~5a o
TXn IEAHSE ENSO {3 #Hi#A 1ij 90°
(1981—19904F) 2~4a . (1980—19904F)
IEAEE
8~10a (1981—19894F)
(1973—19874E)
2~3a 1~2a 1~2a
(1965—1969 4F) (1965—19734) (1970—19734F)
3~5a 2a
TN10p — —
(1983—1994 4 ) 2~4a (2009—20114)
2~4 (1983—19904E) 3~6
‘ (RGeS y —
(2009—20124E) (1981—1994 4F)
1-2a AO BAR T 90° I-2a
), 1] —
(1965—1969 4F) . " (1970—19724F)
TX10 34 AO (AT 90 I-2a
)y l {e] —
P (1988—1993 4F) . " (1965—19714F) 1~2a o
ENSO il 7 90°
8~9a . (1970—19724F)
UiViEES
(1984—1991 4F)
TXn FITN1Op fE B & X 2 W IEA COC R, 5 CR, M7EIMKAER X ,NAO 5 TX10p I %1

TX10p 75 5 AR AE & X ¥ R B R B 35 09 A ¢ .
NAO 5 TNn , TXn 7£ & KRS 2 X 52 8 3 A0 1EAH 2

FAI G . ENSO 5448 $8 R e A5 [ AE AR RE
15X 5 TN10p F1 TX10p 5 i #1654 £ ,{H ENSO 5



1546 7K | 7R + 44 45
F4 TNEEERELS R WTC
Table 4 Results of cross wavelet coherence spectrum(WTC)
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Fig. 6 Significant difference in extreme cold indices for AO positive-AO negative phase

TNnA77E 1 22 5 (IR i 90% & PEAG %, TXn
[ & 8(d) ] #5545 5 5 TNn #H {8l EI Nifio-La Nifia
FE N TN10p B 8(e) | . TX10p[ Bl 8(f) JFEAAF
e 22 5, 4t 3 10 25 S/ Wl A 53i h 2.3% Fi
9. 5% ; £7 7 1E 25 5 19 3 A5 3 oKl 1 90% & 3 1
AVAS VS
2.5 KRERzEFBESESTLIEHAFME
2.5.1 ENSO-AOMZ

EI Nifio-AO FR A1 T 6 i v 18 B i 57
FEAR K I B M 22 RN 9 i . 78 AO IE{ M
F,FD[ K 9(a) | .ID[ K 9(b) [fF1EIE 2 F A 5 £

F 27U 5 AO T A R, TN10p[ &1 9(e) 147 7E
125 5 0ol RUBCR TR 225 SLAVR PR BROE 1 2% S AR
SRR FARBURARIE I . X 5B EI Nifio 5 AO 1E
AR TE B 25 B 2 5998 H H %, 5 AO f {7 4
Bt 5 Ao V4 7 o LB 2 5 (R AR i (I TR 7E AO A3 4 11 22
SRR AY R 5B AO BK 3 25 AL
LL, B TN10p SN ¢ 46 B0 25 R 35 & A e L iX 136 E
Nifio-AO #5 G LA B Al i /2 F8 U R IA —E
AR FE A

La Nifia-AO f A BT 6 e i $5 55 0 i 57
FEAS ¢ K 06 . 22 R 10 firs . S8 — S



1548 K JI

44 %

oP>0.1

>z

oP>0.1

oP>0.1

©P<0.1 ©P<0.1

° 0.04~0.24 > 0.06~0.20

0 0.25~0.47 0 0.21~0.50

O 0.48~1.00 0 0.51~1.10

0 250 500km 01.01~2.12 0 250 500km O1.11~1.65
_— (02.13~2.80 _— O166~1146

(2) B H(FD) (b) BHEAUD)
A A

®P<0.1 ©P<0.1

o 0.11~041 o 0.03~0.45

o 0.42~0.87 o 0.46~0.98

O 0.88~1.35 O 0.99~1.48

0 250 500km O 1.36~2.05 0 250 500km O 1.49~2.01
— (0)2.06~2.93 [ — (0)2.02~2.98

P>0.1

() BRI/ ME(TNn)

(d) H BRI AR/ME(TXn)

N
A

P>0.1
©P<0.1
o 0.01~0.20
0 0.21~0.50
0 0.51~0.94
00.95~1.35
(01.36~2.07

0 250 500km
| |

N
A

o P>0.1
®P<0.1
° 0.03~0.22
0 0.23~0.56
0 0.57~0.92
0 0.93~1.50
O1.51~-221

0 250 500km
L S |

(e) %H(TN10p)

(f) #B(TX10p)

I IE () ZRdoshe () GRE; iwE CRiiid) 90% REVERE R RFR pgin (Z0) BHE;
IR A5 5 PR 43 SR ik 90%% Yt 35 1 AGH 36l e et
K7 W@ e ATE . — NAO KBS T I i 22 5

Fig. 7 Significant difference in extreme cold indices for NAO positive-NAO negative phase
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Fig. 8 Significant difference in extreme cold indices for EI Nifio-La Nifla episodes
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Fig. 9 Significant difference in extreme cold indices for positive AO-negative AO phase in EI Nifio years
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Fig. 10 Significant difference in extreme cold indices for positive AO-negative AO phase in La Nifia years
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Fig. 12 Significant difference in extreme cold indices for positive NAO-negative NAO phase in La Nifla years
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Individual and coupled influences of large-scale driving factors on
extreme cold events in Xinjiang

YAN Xiaoyue'*?, JIANG Fengqing'’, LIU Chao’, WANG Dagang'*’
(1. Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi 830011, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of
Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China)

Abstract: The extreme cold events that occur occasionally ought to be valued under the trend of global warm-
ing. Meanwhile, exploring the influences of large-scale driving factors on extreme cold events in Xinjiang is of
great significance to predict and cope with disasters caused by climate change. Based on extreme cold indices
which are calculated by daily air surface temperature data from 53 meteorological stations covering the period
from 1961 to 2016. Temporal and spatial characteristics of extreme cold events in Xinjiang have been analyzed
using linear regression analysis and Inverse Distance Weighted, it is found that the average extreme cold indices
have a significant change in spatial point, this means the temperature of Xinjiang has a increasing trend. In the
spatial-scale, the variation range of cold indices in northern Xinjiang, eastern Xinjiang and Ili River Valley have
dramatic change rather than other region. Cross wavelet transform are used in order to analyze the relationship
between extreme cold indices, including frost days(FD), ice days(ID), daily minimum air tempreture (TNn),
maximum of daily maximum tempreture (TXn), cold nights(TN10p), cold days(TX10p), and large-scale driv-
ing factors [ Arctic Oscillation (AO) , North Atlantic Oscillation (NAO) , EI Nifio and the Southern Oscillation
(ENSO) |, the result shows that AO and NAO have strong relevance with extreme cold indices, the overall influ-
ence of large-scale driving factors on extreme cold indices is AO>NAO>ENSO. Using parametric hypothesis
tests verify statistically significant changes in the cold indices characteristics from one phase to another of each
oscillation and also in coupled phases. During the individual factor driving modes, the extreme cold events have
occurred easier on AO negative phase, NAO negative phase, and La Nifa event. During the coupled factors
driving modes, the number of cold days are more on EI Nifio-AO positive phase and EI Nifio-NAO positive
phase, and the lower temperature values of extreme cold events would be smaller on EI Niflo-NAO negative
phase. Extreme cold events are more likely to occur during the La Nifia-AO negative phase and La Nifia-NAO
positive phase. The EI Nifio (La Nifia) event has a modulating effect on the AO (NAO). To explore the mecha-
nism for the coupled modes, the atmospheric circulation systems are discussed via anomalies composite analysis
by using National Centers for Environmental Prediction (NCEP) reanalysis data. The extreme cold events in Xin-
jiang are more likely to occur during the La Nifia-AO negative phase and La Nifia-NAO positive phase, and the
causes are related to the westward path of cold air due to the anomalous mid and high latitude potential in Eur-
asia, the strengthening of Ural blocking, and the northerly airflow affecting Xinjiang.

Key words: large-scale driving factors; extreme cold events; parametric hypothesis tests; individual/coupled in-

fluences; Xinjiang
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