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Changes of Extreme Temperature Events in the Chinese Tianshan

Mountains During the Perod from 1960 to 2012

ZHAO Peipei, ZHANG Mingjun, WANG Shengjie, ZHOU Panpan, LIU Xuemei, WANG Jie

(College of Geography and Environmental Science , Northwest Normal University, Lanzhou 730070, China)

Abstract ;: Based on daily maximum and minimum temperature at 8 meteorological stations above 1 500 m in
the Chinese Tianshan Mountains observed by the China Meteorological Administration from 1960 to 2012,
the spatial and temporal variation characteristics of extreme temperature events were analyzed by the methods
of linear regression, Mann-Kendall, Morlet wavelet, factor analysis and correlation analysis. Nine indices of
extreme temperature were studied. The results are as follows. (1) The occurrence of cold days, cold nights,
ice days, frost days and extreme cold days have significantly decreased by —0.70, —2.36, —1.00, —5. 14,
—1. 12 days/decade, respectively. Meanwhile, the occurrence of warm days, warm nights and growing season
length show significant increase at rates of 0. 87, 2. 70, 4. 03 days/decade, respectively; the tendency rate of diurnal
temperature range is —0. 34 days/decade, respectively. (2) The warming trend of warm night is significantly larger
than cold night, and the warming trend of warm (cold) night days are obviously larger than the warm (cold)
days. (3) From the point of spatial distribution, the increase or decrease trend of extreme temperature shows
obvious difference. (4) Each extreme temperature index in Tianshan Mountain from 53 a shows significantly
different periodicity change in certain time series. (5) The factor analysis demonstrates that the extreme
temperature indices are closely correlated with each other except diurnal temperature range.

Keywords: extreme temperature; spatial and temporal distribution; variation tendency; Chinese Tianshan

Mountains
s s -4l 1PCC ,
’ ’ ’
[5]
b ’
:2014-10-29 :2015-01-11
: “ . ”(41161012);
”(2013CBA01801)
(1991—), . s ., E-mail:13369313960@163. com

1974—>, s , , . E-mail: mjzhang2004(@163. com



6 :1960—2012 191
[6-10] 3 , Alexan— ”’ .
der [
. 50 a 70% 1) ’
o 77J A} Lg’ Y L‘(JJ Y o ’
(10] ,Choi '™ (so32) | 1960—2012
32 :
. . 2000 [l 1951—1997 , 0. 33°C/10 a7,
12-15 y 50 a y
b b 1
, 1.1
, 1 500 m 8
fie-24l , 1960—2012 .
’ ’ s (http: //
(2528] Www. nmic. gov. cn) .
1.2
. 1 700 km, (WMO-CCD) .
2/3 , 250~350 km, (CLNAR) .
4 000 m, , 7 435.3 m*7, (JCOMM) “ 73435
, “ C D,
1
TX90 1960—2012 90 d
TX10 1960—2012 10 d
TN90 1960—2012 90 d
TN10 1960—2012 10 d
FD 0°C d
D 0°C d
, 6 5 7 1 6
GSL d
5°C
CSDI 1960—2012 10 6 d d
DTR C
s (GSL) s
( ) , ’ (DTR),
(TX10), (TN10) . , t
(TX90) . (TN90) ; . ArcGIS 9. 3
(ID) . (FD); y Morlet R ,
. (CSDD) SPSS 19 .



192 22

0.87,2.70 d/10 a, TN90

2
2.1 10 a , TX10 20
1 y 1960—2012 70 , 70—90
s s (TX10) ( .90 . TNI10 21
1b) (TN1IO)C  1d) s . TX90 TN90
. —0.70 —2.36 d/10 a, 2006 \ .
(TX90) ( 10 ('TN90) ( TX90 , TN90 (p<<0.0001),
1h) ’ 2010 , 23d,
75°E 80°E 85°E 90°E 95°E
z T ;
<
g )0 km ]
& o
18 14 %/ (d/10 a) v-1.1~—0.8 v -0.5~-0.2 0
. 1960 1970 1980 1990 2000 2001
V -0s~0s [ Bzuwa S
75°F 80°F 85°E 90°F 95°F 25
Zz T 3 S ] dTN10
2| ¢TNIO . 20
N [)
E B15F
=
z 10
> - K=-0.2361
= A st R-08387
P<<0.0001
@rﬁlﬁ/ (d/10 a) v -4.0~-2.5 Y —15~-08 0 1 1 1 1 1
1960 1970 1980 1990 2000 2001
vV 2s5~—15 [ Bz 4 B
75°E 80°E 85°E 90°E 95°E 25
& ' g £TX90
@[ eTx90 S e 20
215
=
z 10
>
~ _ RS 5 R=0.4702
P=0.0004
E %/ (d/108) 4 _0.4~-0.6 A -1.1~-1.4 0 1 L L 1 I
A . N 1960 1970 1980 1990 2000 2001
-0.6~-1.1 BEWA & B
75°E 80°E 85°E 90°E 95°E
z L\V\R ] hTNS0O u‘
~ Q
— » A"f‘.-
z i o 00 & — R Y K=0.2698
¥ ’ - LRANSBELET O R=0.8479
N .‘.p:); P<0.0001
fiii 17 3/ (4/10 a) al~2 44~ 0 . . . . .
N 1960 1970 1980 1990 2000 2001
A2 P EEus &
1 1960—2012
, TX10C 1la) 0. 05 s —4~0d/10 a
s , . TX90
,62.5% 0. 05 TX10,TN10 ( 1e),TX90
., TN10  TXI10 . . 62.5%

( 1C)’ ’ .



6 :1960—2012 193
. , ) . (IDC  2b)
,LITN9OC  1g)  TX90 ) (FD)C  2d) —1.00
, 0. 05 —5.14 d/10 a, 10 a , 1D
s . , 20 70
2.2 , 70 90 ,
2 , 1960—2012 90 ,2005 . FD
75°E 80°E 85°E 90°E 95°E 110
z RE B e—— T ]
“ 100 3
< N
\
. = 90
~ [e
=
- = 80
2 300, 600 km] K=-0.1004
s _ 70 | R=0.1707
il = - ! L P=0.2216
{8 ) 28/ (d/ 10 a) Y 30~-15 4 0~08 60 : . . ' .
1960 1970 1980 1990 2000 2001
V -1.5~0 | RS #
75°E 80°E 85°E 90°E 95°E 230
Z T i T R e — ] FD
o oo " 220 . :
N o 210 FoRpia o o oqa s
B0t O U EEE—RRefl
z : E 190 K=-0.5144 \ PR~ d
=4 T R=0.8687 d ogese
= 5 . e 180 P<0.0001 O
] d/10 8 O~— 2 e 170 1 I 1 1 1
Fii%/(@/102) v 8.0~=3.8 Y ~3.7~"2.0 1960 1970 1980 1990 2000 2001
vV ss~37 [ EEms #
2 1960—2012
1D, , . J75% 0. 05
( 2a), o
0. 05 s FD( 2.4
2b) , —8~—2d/10a 2.4.1
s 0. 05 , . Morlet
2.3 ; ,
3 , 1960—2012 ,GSL » Morlet
¢ 3b, 4.03 d/10 a; CSDI « D
( 3d DTRC 3D s ., TX10C 4a)
—1.12 —0.34d/10a, 10a ,GSL 4a,13a 20a 4 a
20 60—70 90 21 1987 .13a 20 a ) 13
, 20 80—90 2000 a , 13a s
;sDTR 20 60 21 TX10 “$ - = = = = —
,2005 ; 10 a _ = =7 , 6 6
,GSDI  DTR , . , 4b ,
9GSL ( 38)9 ] 4 3.913.5 a
, 8.20 d/10 a,87.5% 1 . 20a 1
0.05 ;GSDIC  3¢) o TN10 C 4o (
87.5% ,50% 4d), TN10 4a,13.5a ,13.5a
0.05 s . TX90 TX10 )
s 0.07 d/10 a3  3e DTR TN90 TN10 , TX90 TN90

b b

0~0.8 d/10 a

o



194

22

75°E 85°E

90°E

45°N

£
(=]
2
. ALY P o LT P
W Z/(d/10a) 4 1~3.2
A32~47
75°E 80°E

85°E

A 4783
| EET
90°E 95°E

45°N

OZ i
<
e
%/ /100 Y -3~1.1 v -0.8~0
BEsss W -11~08 4 0~00
75 80°E 85 90°E
T T | T %

45°N

e DTR

40°N

W%/ (d/10a) YW -0.8~-0.5 ¥ -0.1~0
v -o5~-01 [ Ezus
3 1960—2012
2.4.2 1D
( 5a 4 a,13 a .4 a
1960—1970  ,2000 ,13 a
) ¢ 5b)
, 4a,13a 1 sFDC - 50)
6 a,16 a .6 a
, ,16 a .
6 a 16 a o
2.4.3 GSL
( 6a) 5a,8a,13a .8 a
1980 L1995 ,13 a
, ( 6b)
, 13.5 a;CSDIC  6¢)
5a,13a,20 a ,5 a
1980—1990 ,13 a 1977
.20 a ,1970—2000
( 6d , 4.7 a,13.5 a,
20 a 1 , 10 a,26 a
;DTRC  6e) 4 a,12 a,27 a
,12 a 1970—1990
90 a,2000 .27 a

B 18]/ d

I 6]/ d

15.0
14.5
14.0

T35

[y

7 13.0

1
1

11

4
2.5

, DITR ,

GSL,

0.01

K=0.4031
R=0.5921
P<0.0001

1 1
1980 1990
E

1 1
2000 2001

1970

K=-0.1116
R=0.3875

1960 1970 1980 1990 2000 2001

K=-0.0340

R=0.8791

P<0.0001
1 1 1 1

1970 1980 1990 2000
F®

25
20

S5
1960 2001

a ,12 a 27 a .

88. 3%,
) 3 ,

62.2%,
. TNI10,TN90,FD . 3
0. 05
. DTR .
17.4%,
, CSDI, TX90,
0.505,0. 409,0. 398,



6 :1960—2012 195

3 4
2 3
o : pu
J 0 x 2k
= -1 z
) 1Lr
: ) 8 ) -3
1960 1970 1980 1990 2000 2010 0 5 10 15 20 25
F it iE)/a
5 —
3 d TN10
2
1
N
= 0
= -1
-2
1960 1970 1980 1990 2000 2010 3 .
3.0
25 3 25 L
2
20 4 2.0 F
1 I
215 ISRER
z 0 <10}
= 10 1 < 1.
05 F
5 -2 0|/'l\|||||||||||||||||||||||||
N /| A 3 0 5 10 15 20 25
1960 1970 1980 1990 2000 2010 HY fE)/a
7 -
25 3 6 |
| L
= 15 it
m\ I
£ 10 N 2r
1 -
5 \U s ”‘ 2
0
-3
1960 1970 1980 1990 2000 2010
£ f
4 1960—2012
v 10 50
a.ID
s ) 40 |
\w = 30
l ' ‘ ('
=3 ’ 2y
-5
10
5 I‘N‘dw ¥, “"‘ ¥ \' «‘“N
_10 [ Vet NS S TN T T TN TN TN NN TN NN NN N NN N N N TN N SO T s
1960 1970 1980 1990 2000 2010 0 5 10 H‘f‘]}s 20 25
| IE' a
10 50 r
25
40
20 5 "
s =30
= 15 ‘ 0 5
28T ’ ’ z0r
-5
5 ' I ) . - 10 |
-10 [N V2 T N R A TN T NN T T T T N N NN NN TR NN TR TN Y T NN MO M |
1960 1970 1980 1990 2000 2010 0 5 10 ‘ 15 20 25
F e iE)/a

S 1960—2012



196 22
) 8 50 ¢
) : 40
20 4
< 2 # 30 +
> 15 ' 0 R
E 2
281 " ‘ -2 s 207
-4
10 |
, Wip e M‘" " P
-8
1960 1970 1980 1990 2000 2010 0 5 10 15 20 25
B B/ a
258 3 N T dCSDI
3 6
U 6 ' ' 8 ™ WS
~ 15 0 i 4
= -1 K
= \ 2 %
2
-3
Wil .\N)v' 4 1
-5
1960 1970 1980 1990 2000 2010
0.6
25 a
0.4
20 0.2
2
= 15 I 0
= 10 0.2
; a\l
N - - -0.6
1960 1970 1980 1990 2000 2010
o
6 1960—2012
2 1960—2012
TX10 TN10 TX90 TN90 D FD CSDI GSL DTR /%
1 0.779 0.936  —0.81 —0.901  0.637 0. 906 0.7 —0.765  0.588 62.2
2 0.495  —0.102 —0.194  0.295 0.614  —0.342 0,407 0.177 —0.7 17. 4
3 0.02 0.276 0. 409 0.13  —0.015 —0.061  0.505 0.398 0.326 8.7
3 1960—2012
TX10 TN10 TX90 TN90 D FD CSDI GSL DTR
TX10 1. 00
TN10 0. 705%* 1. 00
TX90  —0.624**  —0.610°*  1.00
TNYO  —0.507**  —0.804**  0.789**  1.00
D 0. 684%* 0.522%* —0.685** —0.446**  1.00
FD 0.579%* 0.863** —0.658** —0.904**  0,318* 1. 00
CSDI 0.746%* 0.729%* —0.446** —0.432**  0.601**  0.473**  1.00
GSL  —0.575**  —0.645**  0.614**  0.686** —0.283*% —0.793** —0,325* 1. 00
DTR 0.063 0.707** —0.247  —0.724**  0.039 0.712**  0.250  —0.385**  1.00
k% 001 () Sk 0.05 ()
3 s TX90, TN90, GSL 0. 866,
2.698,4.031 d/10 a .
9 . ,DTR —0. 340 d/10 a,
1960—2012 s 2) s ( N
) s ( \
(D s ) .
s , 0.05 o ,
TX10,TN10,ID,FD,CSDI,DTR —0. 702, o
—2.361,—1.004,—5. 144, —1. 116, —0. 340 d/10 a (3)



:1960—2012

197

., TX10,TN10,TX90,TN90,ID,FD,GSL,CSDI,

DTR

13 a,13.5a,14 a,16.5 a,

13 a,16 a,13.5 a,20 a,27 a,

[1]

(2]

(3]

(4]

(5]

L6]

7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

4a,8a,13 a,16 a,25 a o

4)
, 88.3%,
, , . 2008 ,
(. ,2009,5(1) :56-60.
(. ,2005,20(1);119-125.
(1] ,2011,

256(10) :122-125.

[Jl. ,2010,33(3),67-77.

, Stocker T,259 TSU(
). IPCC
(7. ,2014,10(1) ; 1-6.

Alexander 1. V, Zhang X, Peterson T C, et al. Global ob-
served changes in daily climate extremes of temperature and
precipitation[ J]. Journal of Geophysical Research: Atmos-
pheres,2006,111(D5). doi:10. 1029/2005JD006290.
Choi G, Collins D, Ren G, et al. Changes in means and
extreme events of temperature and precipitation in the
Asia-Pacific Network region, 1955—2007[J]. Interna-
tional Journal of Climatology,2009,29(13):1906-1925.
Klein Tank A M G, Kénnen G P. Trends in indices of daily
temperature and precipitation extremes in Europe, 1946-99
[J]. Journal of Climate,2003,16(22) :3665-3680.
New M, Hewitson B, Stephenson D B. et al. Evidence
of trends in daily climate extremes over southern and
west Africa [ ] ].
Atmospheres (1984—2013),2006,111(D14).
Aguilar E, Peterson T C, Obando P R, et al. Changes in
precipitation and temperature extremes in Central America
and northern South America. 1961—2003[J]. Journal of

Journal of Geophysical Research:

Geophysical Research: Atmospheres, (1984—2012),
2005,110(D23).
; . [1].
,2000,5(3) :267-272.
. . , .21
LI ,2008,30(7):1084-1092.
. . 1956—2008
[1]. ,2010,15(4) .
105-417.
[1l. , 2006, 22
(6):618-624

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[D].
,2007.
Li Z, He Y, Theakstone W H, et al. Altitude depend-
ency of trends of daily climate extremes in southwest-
ern China, 1961—2008 [J]. Journal of Geographical
Sciences,2012,22(3) :416-430.
, ) . . 1961—2005
[JJ. »2010,32(1) :43-51.
Su B D, Jiang T, Jin W B. Recent trends in observed
temperature and precipitation extremes in the Yangtze
River basin, China[J]. Theoretical and Applied Clima-
tology.2006,83(1-4) : 139-151.

, , s . 45a
[J. ,2009,64(5) :592-600
. . 19612009
[yl ,2011,7(2) .
110-115.
.Declan C, ., .1961—2004
[J. , 2008, 4
(2).73-77.
. . . .1960—2009
[yl ,2012,33(1);
41-47.
. 46a
[D]. ,2008.
[yl ,2000,45(1):98-106.
, , B 40a
[1]. ,
2009,16(3) ;24-26.
, , s . 30a
[JJ. ,2005,60(1) ;3-11.
. 40a (1] ,
2001,56(6) :682-690
s s . 40a
(1. ,2012,19(5) :34-38
. [M].
,2004,
s . 40a
[J]. .2006,23(1):115-118.
s s s 50a
(7. ,2011,66(1) :38-46.
, s y . 235a
L. ,2008,28(5) :803-808.
, . .1960—2010
(1. ,2012,31

(11):1475-1484.

Karl T R, Nicholls N, Ghazi A. CLIV AR/GCOS/WMO
workshop on indices and indicators for climate extremes:
workshop summary[ J]. Climatic Change,1999,42:3-7.
Peterson T C. Report on the activities of the working group

on climate change detection and related rapporteurs1998—
2001[R]. Switzerland: WMO. Geneve,2001.



