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Abstract: Background, aim, and scope The Northern Xinjiang is one of the most important industrial and agricultural
production area in northwest China, which belongs to arid and semi-arid regions. However, as a result of extremely
fragile ecological environment and sensitive to climate change, lots of researchers focus on its environment change.
The occurrence of extreme weather events showed more frequency and intensity in the background of global climate
change, the loss of life and property of people will be greater than before. But the existing researches on extreme climate
change in this region mainly focus on the temporal and spatial variation characteristics of extreme weather events, less
researches on the influence factors of extreme weather events especially the influence of atmospheric circulation index,
that disadvantage to accurately predict the occurrence of extreme weather events. Materials and methods Based on
meteorological stations in Northern Xinjiang, 1960 — 2012 calendar year, daily air temperature data downloaded from
National Climate Center, China Meteorological Administration, and atmospheric circulation index (including Arctic
Oscillation index, North Atlantic Oscillation index, El Nifio and the Southern Oscillation) from National Oceanic and
Atmospheric Administration Earth System Research Laboratory—Physical Sciences Division (NOAA-ESRL: PSD),
using linear regression analysis, moving average, principal component analysis, correlation analysis and Inverse Distance
Weighted to analyze the spatiotemporal variation characteristics of extreme temperature changes in Northern Xinjiang
and investigate the relationship between the extreme temperature index and atmospheric circulation index. Results The
results showed that annual mean minimum temperature and annual mean maximum temperature displayed significant
positive trend at rate of 0.49°C-(10a) ', 0.22°C-(10a) ', respectively, while diurnal temperature range displayed negative
trend at rates of 0.27°C-(10a) '; indices of warm temperature extremes growing season length, warm nights, highest
of the daily minimum temperature and tropical nights displayed significant positive trend at rate of 2.52 d-(10a) ',
3.18°C-(10a) ', 0.45°C-(10a) ' and 1.14 d-(10a) ', respectively; while warm days, summer days and highest of the daily
maximum temperature showed non-significant positive trend at rate of 1.24 d-(10a) ', 1.58 d-(10a) ' and 0.09°C-(10a) ',
respectively. The cold temperature extremes frost days, ice days, cold nights and cold days displayed negative trend
at rate of —3.70 d-(10a) ', —1.46 d-(10a) ', —3.41 d-(10a) ' and —1.26 d-(10a) "', while lowest temperature of the daily
minimum and lowest temperature of the daily maximum showed non-significant positive trend at rate of 0.57°C-(10a) '
and 0.26°C-(10a) . The results of Inverse Distance Weighted method showed, the indices of diurnal temperature range,
all the cold extremes and mostly warm extremes have larger trend magnitudes in regional of southeastern of Altai
Mountains and Yili Valley area. Discussion The trend magnitudes in cold extremes (cold nights, lowest temperature of
the daily maximum, lowest temperature of the daily minimum) are obviously larger than those of warm extremes (warm
nights, highest temperature of the daily maximum and highest temperature of the daily minimum), and this characteristic
are most obviously in regional of piedmont and valley area. Arctic Oscillation index (AO) has the strongest correlated
with temperature extreme, in particular, the correlated with cold temperature extremes are obviously. North Atlantic
Oscillation index (NAO) has significant positive correlated with lowest temperature of the daily minimum and highest
temperature of the daily minimum while displayed non-significant correlated with warm temperature extremes. El Nifio
and the Southern Oscillation (ENSO) has non-significant correlated with each extreme temperature. Conclusions The
occurrence of extreme cold indices have a more magnitude trend than warm indices, indicated the daily low temperature
have a trend of increasing, and the occurrence of warm winter will be more frequency. Correlation analysis indicated
the occurrence of extreme weather events especially extreme cold indices are mainly affected by Arctic Oscillation
index, followed by North Atlantic Oscillation index, while the El Nifio and the Southern Oscillation has little effect
to the extreme weather events in Northern Xinjiang. Recommendations and perspectives Analysis on the variation
characteristics of extreme weather events in Northern Xinjiang, not only provide reference for development of industries
and agriculture in this region, can contribute to have a deep understanding the forecast of the future occurrence of extreme
weather events and its response to atmospheric circulation index in Northern Xinjiang.

Key words: Northern Xinjiang; indices of temperature extremes; principal component analysis; index of

atmospheric circulation
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Alexander et al, 2006) ; JLEEIT 60 ELISK, S
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HEE /R Z i, JEsE O TR TRIX, 2497
SIRZY 8°C, ZAFHFK &N 100—200 mm.
2 HERESAE
2.1 HHEKRIR

AR SR G B R R T b E R R 5L
P 5 ik 55 W (http://cde.cma.gov.en ) , £ 1{H
G 5 S [B] — SCHEAS 30 A5 BT i X 31 A~
S U 1 1960—2012 4F (1 312 H il fe e 18 1 H i
RAEHEAT /AT, KA TFEEL AO F54k. NAO 5§
O ENSO #6803% H . 3% H B0 408 05 1 55 [
FASAGE T L W (Chitp:/www.cpe.noaa.gov/
products/precip/CWlink/ ) , H: H ENSO 45 ¥4k H
Nino3.4 [X (5°S—5°N, 170°W—120°W ) & i I

DOI: 10.7515/JEE182012



162 HOERIRIE 24

HEF (SSTA ) HFR,

Z| @ v i
2o Meteorological stations
®
Lh ik
Mountains /, ¢ >

45°N

0
81°F 84°F 87°F 90° E

1|50 3(|)0 km

[ = e Sy v
Fig.1 Distribution of meteorological stations in Northern
Xinjiang

2.2 WIHIEHAEEBUR HE X

Wit SR AS £ ORI R R 24180 “R
fige A% fk K I 0 38 A5 7 (http://ccema.seos.uvic.ca/
ETCCDI ) #fi: 7 fiff FH 4 i i A 8 4% ( Keggenhoff
etal, 2014) , PEHCHA 14 AN 2 FH AR
FEECRAE B . BfRIRTIE R, S RIREL
HoE SCINEE 1 Fis . 16 AR B TR 28
i RClimDex ( Wang et al, 2013b ) Z{4FHE1T ™ 4%
FR s, I A T AG I [RIAH 213 s A e Sk
PR, K ABRAGER, ANABRAHEI AL EE, b
J&i K H RClimDex AR A4-E4 74k i IFE £ 15
23 WARAE

FKH—Io R (y=st+b, s T <R
AR R R, s>0 F£m ETHAE, s<0 FoR N
HAH ) XA S IR R A IR ) AR A R AR A T 2R
14 (Tianetal, 2016) , JHARfREESR B 2R
A ¢ SR SIAS i y 2 [A] AHDC R B TR (21
R, 1999) . 1E Arcgis 10.3 B4 bR R R
BRI £t IR AR B8 ) R 1 23 8] 43 A
KIFEATH6{E (Lietal, 2010) . FRArHre—Fh
W Z AR DR AT S A AR SE T4
Mk, BEA AU BFR PR AL 2 1 =8, I
FRAE PR 2 BU LA 28 A H b R T RE L b
JWLEARAERE R (FHEARAUEST, 1998)

3 RS540
31 EFMEE. HIKKEMDTR MR =T
b s X AESE Y i @ AR (TXam ) o A5F

DOI: 10.7515/JEE182012

H9%

PIHARAIRE (TNam ) FIH# 22 (DTR) HHFH]
AL B A ZS 6] 43 A W] 2a—c TR . AT AR Y,
TNam ., TXam ¥J 2 1 LI (P<0.001 ),
TXam B T AR AL KA, S B4 )N
TNam 28 fE R 5 TXam ML, 1H 30
{5l TXam K3 TNam 9 _ETF# R 2 TXam 1
2.2 %, AFEPR LT 2R 5 5k 0.49°C - (10a) !
M1 0.22°C-(10a) ', 3T 53 4E3k, DTR Y722 1k #4
#5 TXam, TNam i & AR[H, Ll 0.27°C-(10a) "
) A o 051 o) 36 5t W 2 T A A (P <0.001) , M
1960 4 2 1978 A8 fL /N, 1978 4 Z J5 il il
TR

TEZ5 A RBE |, TXam F1 TNam [ 25 ] 45 1k
BB, PTAERE A B (1F 2d.
Kl 2e) , HARLIR R 2S | 7346 25 F A, Horfr,
TXam A7 42% WG 0l R T 0.05 Rk
FEAA FACEARILER . PUILF A R A Hu X
i TNam 4 96% AU/ 40 il 17 0.01 B &Mk
5, ISR, I AR R A R
BT AR AL PG AL SR X, A48 0L T iR R 4
AN 0 T RE R M IX . DTR H AR & A R i 2%
TR CE2f) , (ARG 8% Myulh i A i
FETHER, FEAFR/RZE I ARILEB AL AR
FAFRHLIX s DTR T [ 4 R A i IX 5 TXam F
TNam ZF A X A 25 (A4 F 3 —3
3.2 WRSIREIEH
321 WRAREUI A AS AL

T 53 AF ok db 8 M X A v B2 45 %% (GSL.,
TN90p. TX90p, SU., TNx, TXx, TR) Y i [d]
AT H AN 3a—g Fion. W LAE Y, WomBg e
#GSL, TN90p, TNx Fll TR #J & g & | T} it4 3
(P<0.001) , 4EBRm 2455 2.52 d-(10a) ",
3.18d-(10a) ', 0.45°C-(10a)" 1 1.14d-(10a) '; ifij
TX90p. SU Ml TXx ¥HH NA BH LI, 4
o 50 1] 3% 4% ) Sk 1.24 d-(10a) ', 1.58 d-(10a)™"
0.09°C-(10a)', H r, GSL. TN90p. TX90p Fil
SU B fbfashAfil, ¥ “W”7 Ak a8 fk; TNx
BURVA R B BB, HAER SR, TXx
7E 20 Hh22 90 4EARZ A SE BTG TRE, BshEoK,
20 4 90 4EINZ G R 1B WP h I EH; TR
TE 1960—1980 4F[H] 22 I T PR bt — T Y #
$asfe, 20 22 80 AR E 90 AR AR BN,
20 2 90 AR JE G BT, kSR,



Tz5, . dtsr 53 AP RS 0F LR N R i

1 HUm RIS R E L

Tab.1 The definitions of extreme temperature indices

ETREIE 5 ¢ TREA TR TRBUE X Hf
NO. Indices Indices name Definition Unit
L 4P TX T .
Annual mean TX Arithmetic mean of monthly mean value of TX
5 TNam AR IR £ TN [P 21E -
Annual mean TN Arithmetic mean of monthly mean value of TN
s o SO 4 F G O RO .
Diurnal temperature range Mean difference between TX and TN
H P30 >5C 19 H AL
4 GSL A K2 Annual count between first span of at least 6 days with
Growing season length  TG>5°C and first span in second half of the year of at least
6 days with TG<5°C
5 SU HHHE Higm A (TX) > 25°C i H L d
Summer days Annual count when TX (daily maximum)>25°C
. m SUCE P HREUR (TN) > 20CHI A ;
TR L SR Tropical nights Annual count when TN (daily minimum)>20°C
Indices of warm - TNx H SARSIRR KA AR H BRI (TN) BR(E €
temperature Highest T, Monthly highest TN
extremes ¢ Txa B SEP HRE AR (TX) B9BR(E .
Highest T, Monthly highest TX
e H AR (TN) KF 1960—2012 955 90 4~ F 434
B 1 H £ " "
9  TN90p . BB H %L d
Warm nights

Count of days when TN > 90th percentile of 1960—2012
H e i (TX) KT 1960—2012 B4 90 ST 4Mir

10 TX90P \%jiif&s BUER H %L d
o Count of days when TX > 90th percentile of 1960—2012
1 D FaUR H 2 AEN HEARSIE (TN) <0 °C i1 H4L d
Frost days Annual count of days when TN <0 °C
- D URUNEE ¢ AEN H R (TX) <0°C [ H % d
Ice days Annual count of days when TX <0 °C
13  TNo g ARl BAH H B (TN) #8IME €
AR A=Y Lowest Tmin Monthly lowest TN
Indices of cold __  HEWTHIH/ME A R OR (TX) BB/ ME .
temperature Lowest Tmax Monthly lowest TX
extremes - HARIESCR (TN) /NF 1960—2012 (15 10 B 4Hi
15 TNI10p C:l dnichis KA B % d
& Count of days when TN < 10th percentile of 1960—2012
e s HRFIACR (TX) /hF 1960—2012 B55 10 AN F 504
’EHE " )
16  TX10p BUE H AL d
Cold days

Count of days when TX < 10th percentile of 1960—2012

TE: TX: Hfos Ui, TN: HhfRi.
Note: TX: daily maximum temperature, TN: daily minimum temperature.
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MM A8 B s W Aok B (Bl 4 a—  IRAEHIX, (H GSL AL i B2 1925 18] 73 A 22 57 55
g) » GSL FI TX90p =5 [l A {4 — 20, ALl K, AEPRMR R KM A5 4.71 d-(10a) ', H
FERR B B LB T ARALBT /R B IN XCRIE  /NE{R 0.26 d-(10a) ", 1 TX90p 22 I Y 2 1] 43
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Tab.2 Number and proportion of individual stations where the trend magnitudes between warm and cold temperature extremes

SIRFEHO L i i L 11 HeB A SIRFEECT L 3l a5 L B RIS
Indices comparison ~ Percentage Comparison basis Indices comparison ~ Percentage Comparison basis
FD>TR 92% #a%H{H  Absolute value TNn>TNx 54% #a X Absolute value
ID>SU 25% #a%HEH  Absolute value TXn>TXx 45% %% Absolute value
TN10p>TX10p 96% #iXHE  Absolute value TNn>TNx 50% H5Z{H  Real value
TN90p>TX90p 92% #a%H{H Absolute value TNn>TXn 92% HSZ{H  Real value
TN10p>TN90p 50% % %{EH  Absolute value TNx>TXx 96% HS2H Real value
TX10p>TX90p 54% #iXHE  Absolute value TXx>TXn 29% HASZ{H  Real value
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M 2.2 4%; M TNx Fl TXx X LR FH, B 96% [F)
i A TNx KT TXx, H TNx 4728 1k g i & TXx
M) 5.0 f5 . 456 25 M i 18 E50A8 fb e B2 179 255 [] 43 A1
KT, KT8 B 3R DI T 1L HE
A, anpr R ZE i X BR AL 25 DL S L
A v A IX b Al DX A% L 2 FR ] PE b X
VKUt e e o 32 5 B X 22—, A iR T ) S e
A A4 132 DX B K ) 1 25 40 T R T e, I 1k
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SU. TN90p. TNx., TR, TX90p. TXx H Z% fif (&
HJTE 0.60 LA L, TieF5% FD . 1D 45844 a8 fif ,
FRPE P HT R (R 4) , SBRIGEURIY R B
IEAHK (P<0.01) , [AlE} 5445 % (FD, ID,
TN10p 55 ) BIE A, 5 = F s A7 rh 2 fif
£ E5H945 FD. ID. TN10p. TNn. TX10p. TXn,
Hi 7 22 DUBRAR 1 28.9%; H, FD| ID, TNI10p,

DOI: 10.7515/JEE182012



168

TX10p ¥ Jy 7 2 fF, TNn F1 TXn ¥ Hy iF 2 47,
AT S 3R 0.91 F10.92, 323 AT%0, GSL 7
5 R AT (A A 0.53, TESR—F s
A R 0.66;5 HH O 4 At i 7 GSL 5 Bz 48 44
(SU, TN90p., TNx, TR, TX90p) & & 2 1FE #H

3 v XS

Mo ERFREE-A 4

* (P<001), 5% 4§ % (FD, ID, TN10p.
TX10p) S B FEAAME (P<0.01) , ZEEWRIX
T 53 AR RS B fL b, RETEI L b
X GSL #2137 B AR AR s, BIFY X i
AR T GSL $ehniy F 2K

K E N EAE S

Tab.3 Results of factor loadings perceptual explained variance in temperature extremes
Ijﬁiis DTR FD GSL ID SU TN10p TN90p TNn TNx TR TXI0p TX90p TXn TXx E:‘Zlﬁvie szfce
1 001068 0.66 —0.340.88 —043 0.69 —0.09 073 0.88 048 0.74 —0.16 0.69 7.2 36.1%
Ciiﬁmz—o.os —-0.46 0.53 —0.72 0.03 —0.62 042 091 0.11 0.01 -0.74 049 092 -0.05 25  28.9%
3 098 031 0.00 0.110.12 0.55 —048 —0.18 —0.52-0.27 0.01 0.01 -0.01 —0.03 1.5 14.4%
x4 WoOmIRIREOH LS
Tab.4 The Pearson correlation matrix of temperature extremes
Ijﬁiis Xam TNam DTR FD GSL ID  SU TNIOp TN90Op TNn TNx TR TXI10p TX90p TXn
TNam 0.86"
DTR -0.04 -0.55"
FD -0.78" —0.83" 0.35
GSL 0.78" 0.68" —0.06 —0.87"
ID —0.797 —0.73" 0.13 052" —0.54"
SU 0597 0447 010 -059" 0.577 -0.15
TN10p —0.75" —0.92" 0.58™ 0.74" —0.59" 0.62" —0.41"
TN9Op 0.78" 0.927 —0.50" —0.83" 0.68" —0.61" 0.54" —0.75"
TNn 0577 0587 -020 -034" 035 -0.55" -0.05 -0.58" 0.39”
TNx 0557 0697 —045" —0.60" 043" -043" 0517 -0.63" 0.74" 0.22
TR 058" 0617 —024 —0.617 0537 —-026 079" —0.54" 071" 0.04 0.80"
TX10p —0.88" —0.76" 0.05 0.66" —0.67" 0.70" —0.51" 0.81" —0.56" —0.56" —0.38" —0.44"
TX90p 0.87° 0.737 0.00 —0.70" 0.70" —0.65" 0.617 —0.53" 0.83" 0417 0.60" 0.63" —0.58"
TXn 0527 0467 -0.04 —026 031" 049" —0.08 —047" 027 095" 0.06 —0.07 —0.54" 036"
TXx 042. 034 002 -030° 026 —033" 044" -025 0427 -001 0.70" 0.56" —027 049" —0.07

TE: * 4 7R 0.05 KF (BURKLER ) LWFRDC; ** A7E 0.01 AT (MUK ) WFMK.

Note: * is 0.05 confidence level, ** is 0.01 confidence level.
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Tab. 5 The Pearson correlation matrix of atmospheric circulation versus temperature extremes

EiEE 3
X TXam TNam DTR FD GSL D SU
Indices

TNI1Op TN90p TNn  TNx

TR  TX10p TX90p TXn TXx

-0.17 —031" 023 -028 0.15
-0.03 -0.14 0.13 -0.11  0.08
-020 -023 011 -0.17 -0.06

AO 037" 040"
NAO 022 0.9
ENSO 0.14  0.23

-0427 027 034" 0.06
-0.23 0.09 036" -0.01 -0.04 -0.25 0.06 035" 0.10
-0.19 022 0.19

0.09 —0.417 017 033 0.1

0.11 -0.09 -0.05 021 0.11  0.01

TE: * O97E 0.05 K (RUBKE ) EWAEFDE; ** O47E 0.01 KF (SRR ) WAEHK.

Note: * is 0.05 confidence level, ** is 0.01 confidence level.
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