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Fig. 1 The elevation (a) and land use (b) in study area
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Fig.2 Spatial distribution of annual averaged maximum (a) and minimum (b)

ground surface temperature in northern piedmont of Tianshan Mountains during 1963 —2010

3.2 MURRIEIST
3.2.1 MR AYAR PR SAFARPREFAE

P 3 I 1963 ~ 2010 4F K 1l AL 7 £ g 5 FR AR
AR, Al LI T 48 a ok, Kl b i
5 B MR I B AR 4 B 1 2 D B R R A,
MR35k 0.46 °C/10 a,0.87 C/10 a(3@ S T 0.

3.
314 ()

30 |
29 |

. \
28 {u 4 " Jos — -.
%— gg /\ ! /. \V/./j\ ! "‘.f - -./ " -\l- -l/ -/ v ‘\./.7 . \

1963 1969 1975 1981 1987 1993 1999 2005 2011

& 3

01 Py PERTIS ) , C T [ 30 DX IS 1 A< U ) 34
IR (0.26 C/10 a) . M He fe e 3R A9 28 1L
S AR H IR A AE PR S T A R ZL, KB D1 17 3 B
B 21970 AR LAHT A R B , 1970 4548 2 2005 45
] Y S8 R I BE, DA B2 2006 4E DL 1 2 ] 4

Bris.

3.
(b) uy
24 A
|\
] y=0.0874 x—4.4916 g
1 |
& 07 |
E@ _1 T ] \‘ ’
2 ]! b
= \/-\ . AP oty W
LRV ' B L VA YAV
‘\ n l\l/’\\’ ,/ e /- »
-4 \j’//‘\;' \l.l \ ./
LI "
-5

1963 1969 1975 1981 1987 1993 1999 2005 2011

1963 ~2010 4FK LA fre i i () Al AL (b) AO4EAE 1L

Fig.3 Annual changes of the maximum (a) and minimum (b) ground surface

temperature in northern piedmont of Tianshan Mountains during 1963 —-2010



590 + 2

X % 3 %

AR R A OE S R (R 1) BRSE
ARGl Ah , HAtbl i 5 o i 4 R A IR (5
LRSI BER W) A0 AT & 4 il w2
AP UL, FULALREAS 7] M X f o 3t 3t 19728 i A 2
— o M F AR IR A 2B F e — 8, KRB
H A R TR B, L % S ) SR R ey,
1.33 C/10 a,

11963 ~2010 F£R I B R ik R
FEHMBRSEBEE (B C/10 a)
Tab.1 The linear climatic tendency rate of

ground surface temperature in different

meteorological stations in northern piedmont of

Tianshan Mountains during 1963 —2010 ( Unit;:°C/10 a)

il a5 o i AR bR
B[4z 0.46 ** 1.06**
B 0.50** 1.33%*
IR 0.62** 0.56**
gt 0.19 0.80"*
ara 0.47** 0.88**
JER=F i -0.18 0.84*
1335 0.18 0.65"*

3l 10,05 R EVERLE, « « il 1 0.01 B E MG

AU A AFFCPR AR AT 75 (% 2) , 1980 4EALLL
iy g e Mt A A QP DA 6, 1990 44X LAUR b IE BT
F, B HERZAFEAT RIS Ak, 1990
AEARLLRITEEF- 2 971, 2000 4R AR BE - 1E, Hedr 1970
AR R R, B B SE R AR 3 A 4R A P A

Pk T, d e il -5 B AR it ) 2 A AR A
S
F2 RLALEEMIBAFKBREEF (B °C)
Tab.2 Decadal anomaly of ground surface temperature

in northern piedmont of Tianshan Mountains ( Unit;°C )

B TR I f b
1963 ~ 1970 -1.02 -0.86
1971 ~ 1980 -0.40 -1.10
1981 ~ 1990 -0.10 -0.65
1991 ~2000 0.38 -0.33
2001 ~2010 0.94 2.77

3.2.2 MR MZTHERRE

T 48 a o, Kb RE RS 2 Hh il R4 5 gk 2l P 3
K Brh B s tiiah, & iR KR T
0.01 /B &KL, MIRBERA B E NEREL
25, B e ML 1) A ) R AR YR 0..09 0. 44 0.
43.0.68 C/10 a, fefRHb i 4 AR 4K A 0.
53.0.32.0.64 2.0 °C/10 a, X Z 5 m 5 KR
R A (1l 4) o Bk A2 b IR 14 VR et U 4 o3 T
HZ SRR a8 . BREF,
Aty 25T e bk P s 1 2 e v b TR, 3K S R T
(iR T S SRS N R 92 N S U B 3 I8

PR G EARTTAN, ARl iR 5 2 TR AR L
LR 4% 3k 28 2 S I b 3 A i [ 6 TS SE 2o T 0. 01
PR E RS (R 3) . B8 AFH . EFHIR D7
HRONF e MR IRIA S T -0.84, -0.62 C/
10 a @1 1 0.05 f o & R .

®3 KRB SEFHRASEMEZE (LA C/10 a)

Tab.3 The linear climatic tendency rate of ground surface temperature in four seasons in different

meteorological stations in northern piedmont of Tianshan Mountains during 1963 —2010 ( Unit:°C/10 a)

BiipiH 3l 4 B " k %
B[&:310] 0.27 0.99 ** 0.56 ** 0.04
ZEFR M 0.53 0.42* 0.47* 3.51**
KU 1.21** 0.92** 0.80* 0.38*
Tt e M 3 i) 0.91 0.86** 0.36 0.43
=) 0.19 0.41 0.72** 0.58
L&A -0.84" -0.62* -0.05 0.80
5 0.19 0.08 0.25 0.30
B[ #= 310 0.87 ** 0.37** 0.89** 2.10%*
BRI 0.90** 0.77** 1.10** 2.56%*
IRR 0.39** 0.57** 0.62* 0.68 **
S Al b R it 0.48** 0.54** 0.63** 1.56 "
AE 0.57 ** 0.10 0.50 ** 2.35%"
[ER Y S 3 0.24 -0.17 0.39 2.89
[=XN 0.27 0.10 0.37* 1.85**

TE: +3lid 1 0.05 B R FMERRTS, + = ifid 7 0.01 B2 MR



54 10 AL T % RN 1963 ~2010 4F 0 om fieh 5 5 (T 2 6 FE A (LR A 591

40 3,
381 FF ¥=0.0001 x+31.082 . e L
g 34 | . /* / . /\ . . / /-\ .*\/ -\ = 0l - \\ . /'\ . —/_\_ x |-
2 | Ll T VINIFARS R ;.-«ﬁLi~ﬂ//u/
'IHE 30 4 \)1 /-_ -/\- . / Wt N /\/ / ( é -1 :\— _/_!\_- \’/ \. ll\ i .\/.- l
i 0T W MR Y ] .q./\ v
8 / e ' Vv \/ V" y=0.053 x-1.8113
26 - | =31 I
. T
1963 1969 1975 1981 1987 1993 1999 2005 2011 1963 1969 1975 1981 1987 1993 1999 2005 2011
58 16
| B i HE ]
1 y=0.0436 x+50.561 N y=0.0324 x+12.087 .
2 LIA S A [ \/
Eg 52 N | .\ .\ . [ L T _7/<\/—‘. g - __./—-i ‘."- —--.
’E-E\ 1 '/— -'\:/ ) /. _'_\.Z\R _/._';.{\-/L\. -.;'/- l\— -./\;/' V\./.,l \/. ! g \. . ;/_\‘ /-\_.__/\._._ _.-.T ’./'-/\ /.../. w
mag 50 / L) ! "/ -\/ v I]I}% 121 --- /-..- \_ \_\ \_/ L] /_
48] I/
46 1, : : : : - ; - ' 10+ x . . . x ; ; .
1963 1969 1975 1981 1987 1993 1999 2005 2011 1963 1969 1975 1981 1987 1993 1999 2005 2011
324 3;
" o] B
304 ¥=0.043 x+24.606 . i ¥=0.0324 x+12.087 1
P . . L P21 .
,13}1\5 281 i \- n -/‘ [ ] -\l ] -/\-/\'/ E\E 0 [} / \./
ﬂ 26 .\l‘-\. Z\ \ \ ___._/[-\—- _/.-\-—-/‘\.'/"_- ﬁ_l.. [ u . " \-_/—“'
I ki _\\_../_;»/.._ A /\ T = \/.\ / .f\_‘ %; ___x.\;—_/ iy,
3N VAR R TR A AL \_/ / i SRR N \/ !
/ =31 LA [a i
221 \\ ' . -4 4 \,-/\-/ \'\./ A | \./ \. -
20 7 . (O,
1963 1969 1975 1981 1987 1993 1999 2005 2011 1963 1969 1975 1981 1987 1993 1999 2005 2011
44 -6
2| 5% P
0 \ . f e u A -104 / \/'/.
& /] \ Ad |V A e 12 y=0.1998 x—24.58 -
Dl\a =2 PR BTRY VAL { ./.\/\- g ~141
B 4] '\ JARE: TS -
ﬁ ‘6'W\- '\-/ A ‘ ' §3§3' A aTa o/
i3 81 \\/ il -22 \/.,l\'.\ .:'\r/—\\_ /._"/ \./ \../. e ./ \\/ "
-101 v ) =0.0682 x-3.8617 = -"‘-*\_/ e /
-12] 1 28] :
= -30

1963 1969 1975 1981 1987 1993 1999 2005 2011

1963 1969 1975 1981 1987 1993 1999 2005 2011

K4 1963 ~2010 4FR INALRER T midtifi (72) (At (£7) A94FAe 1
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Variation Characteristics of Ground Surface Temperature in Northern
Piedmont of Tianshan Mountains During 1963 —2010

GUAN Yanlong, WANG Ranghui, LI Cheng, YAO Jian

(College of Environmental Science and Technology, Nanjing University of

Information Science and Technology, Nanjing 210044, China)

Abstract : Based on the monthly maximum and minimum ground surface temperature on O cm soil layer at 7 meteorological stations in

northern piedmont of Tianshan Mountains during 1963 —2010, the spatial and temporal distributions were analyzed by using the linear

trend analysis, Mann — Kendall test and Morlet wavelets. The results showed that the spatial distribution of the maximum ground sur-

face temperature decreased from west to east generally, the high value center was in Jinghe of Xinjiang. Meanwhile, the minimum

ground surface temperature in central and western regions around Usu and Urumqi was higher than that in other places. In the past 48

years, the ground surface temperature showed a significantly increasing trend in the whole, and the linear climatic tendency rates of the

minimum and maximum temperature was respectively 0. 87 °C/10 a and 0.46 “C/10 a, but the fluctuation of the minimum ground sur-

face temperature was much more than that of the maximum. In addition, the changes of seasonal ground surface temperature increased

significantly during 1963 —2010, and the warming trends in winter and autumn were holistically greater than in other seasons. The mu-

tation of the minimum ground surface temperature occurred in 2002, while that of the maximum ground surface temperature didn’ t pass

the significance test. Meanwhile, the ground surface temperature being anomalous warmer occurred since 2006.

Key words: climate change; ground surface temperature ; northern piedmont of Tianshan Mountains



