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Fig.1 Schematic of the study area and glacier distribution
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1

Table 1 Remote sensing image datum used in this study
1% /m
Path Row
147 28 2013 -09 -09 Landsat8 OLI/TIRS 0 30
147 29 2013 -09 -09 Landsat8 OLI/TIRS 1 30
148 29 2013 -07 -30 Landsat8 OLI/TIRS 0 30
147 28 2006 -08 - 12 Landsat7 TM/ETM + 0 30
147 29 2006 -08 - 21 Landsat7 TM/ETM + 0 30
148 29 2006 —08 - 12 Landsat7 TM/ETM + 0 30
147 28 1999 - 08 - 26 Landsat7 ™ 0 30
147 29 1999 -08 -26 Landsat7 ™ 0 30
148 29 1999 -09 - 18 Landsat7 ™ 0 30
147 28 1990 -09 - 10 Landsat7 ™ 0 30
147 29 1990 -09 - 10 Landsat7 ™ 0 30
148 29 1989 -09 - 14 Landsat7 ™ 0 30
2 m) +1.8%.
Table 2 Introduction of the weather stations 2 .
/°E /°N /m 2.3
51330 82.57 45.18 1357.8 ( annual percentages of are—
51463 88.01 44.96 336.1 a changes APAC)
to APAC:AATSOXIOO% (1)
TM/ETM + TM3 /TM5 AS (k) ; S,
OLI/TIRS TM4 /TM6 (km’) ; A (a) .
2.4
2.3, ’ Landsat >
. Morlet
Google Earth Y1) =e exp —(27/k®) 7 1t1? (2)
. TM/ETM +
5.4.3 OLI/TIRS &1 a) =a”?[fl1) W (t/a-t/a)dt (3)
654 ArcGIS (1 a) fe) v
' 2
Albers o
Land- 3
sat 01 Paul
Spot ™ 3.1
<1%. 3.1.1
2011 8  Google Earth ( 9.5
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Fig.2 Example for a comparison of glacier outlines of different periods

1990—2013 680. 73 km® <0.02 km’.0. 02 ~0. 05
539.28 km’ 141. 45 km’ km>.0.05 ~0.1 km*.0.1 ~0.5 km*.0.5 ~1 km’.1
1990 20. 78% ~5 km*.5 ~10 km®> =10 km’ 8
0.87% 5.89 km’ ( 4
0.12 km’. . 1990 <1 km’
( 3) 1 042 87. 78%
32.66% - >1 km’ 145
. 12.22% 67.34% . > 10
o 1990—  km’ 6 0.5%;
1999  .1999—2006 2006—2013 18. 6% » 4 1990—1999 .
“©—- = o 1999—2006  .2006—2013
1999 <0.1 km’
3.1.2
3 1990—2013
Table 3 Glacier area variation of Alatau regions from 1990 to 2013
/km? / /a /km? 1% /%
1990 680.73 1187 — — — —
1999 628.21 1216 1990—1999 52.52 7.72 0.77
2006 575.59 1226 1999—2006 52.62 8.38 1.05
2013 539.28 1234 2006—2013 36.31 6.31 0.79

— — 1990—2013 141.45 20.78 0.87
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4
Table 4  Glacier changes in different sizes
1990 1999 2006 2013
/kem? /km? / Jkm? / Tkm? / Tkm? /
<0.02 1.70 115 2.35 183 2.65 224 3.15 248
0.02 ~0.05 6.46 197 7.04 212 6.59 217 7.14 220
0.05~0.1 11.64 158 10.99 150 11.03 148 11.12 158
0.1~0.5 109.78 442 100. 38 415 95.76 389 91.16 378
0.5~1 92.73 130 84.14 119 78.67 113 73.07 108
1-5 233.05 124 214.33 118 199.62 116 190.25 107
5~10 98.65 15 84.12 13 77.83 12 72.18 11
>10 126.73 6 124.86 6 103. 44 6 91.21 4
3.2 mm/( 10 a) o
3.2.1 )
3 1980—2013 3.2.2
9.14°C  4.08%C 1980—2013
1984 0. 14°C/( 10 a) 4,2
0.28°C /(10 a) 8 a
o 1980—1990 4 a
" 50 a 1990 21 2~3a
3 2000 . 1990  .2000
21 2008 o 2
o 1980—2013 1980—1990 8 a
6.32 mm/( 10 a) 6. 38 o 1990 21 2~3a
3 1980—2013 .

Fig.3  Average annual precipitation and annual temperature from 1980 to 2013
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4 1980—2013 N
Fig.4 Period changes of annual precipitation and annual temperature during 1980 to 2013
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5
Table 5 Shape index of glaciers
(1990) (2013)
/km?
0.1~0.5 km? 2.922 1.422 2.997 1.469 0.047
0.5 ~1 km? 2.788 1.288 2.867 1.342 0.054
1 ~5 km? 2.547 1.047 2.578 1.104 0.057
5~10 km? 2.557 1.057 2.618 1.129 0.072
>10 km? 2.489 0.989 2.573 1.073 0.084
2.517 1.017 2.584 1.136 0.119
6
Table 6  Statistics of glaciers of Tien Shan in china
1%
1990—2010 6.4 0.64 TM/ETM + Osmonov 2!
1964—2004 14.7 0.40 SPOT. ASTER Wang %
1989—2011 14.93 0.64 TM/ETM + 5
1989—2011 17.13 0.74 TM/ETM + 3
1989—2011 12.76 0.56 TM/ETM + »
1962—2006 21.6 0.49 \SPOT.ASTER 6
1990—2013 20.78 0.87 TM/ETM + . OLI/TIRS
3.5
( 6).
10 a
1990—2013 0.87% /
a 2000 Oer-
lemans " 0 21
4
1. o
1990—2013 680. 73 km’
539. 28 km’ 20. 78%
0.87% 0.12 km’
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cma. gov. cn)

. The TPCCS fifth assessment report ( ARS)

( http: //cde.
USGS( U.S. Ge-

ological Survey http: // www. usgs. gov )

Landsat TM/ETM +  OLI/TIRS

o
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Glacier Variation and Motivation Based on Remote Sensing

Data in the Central Asia Alatau Regions
HE Yi YANG Taibao JI Qin

( College of Earth and Environmental Sciences Institution of Glaciology and Ecogeography Lanzhou 730000 China)

Abstract: In this paper TM /ETM + and OLI / TIRS remote sensing datum from 1990 1999 2006 and 2011
were used as the data source. Through integrated computer semi-automatic interpretation and visual interpretation
methods glacier outlines were obtained in the Central Asia Alatau regions from 1990 to 2013. Meanwhile we ana—
lyzed the surrounding study area temperature and precipitation trends and period and we used GIS technology to
analyze glacier variation characteristics and its response to climate change process in the past nearly 24a. The re—
sults showed that: (DBetween 1990 and 2013 the Alatau region glaciers experienced an evident retreat trend the
total area of glaciers was from 680.73 km’ to 539.28 km” the total area reduced 141.45 km” shrinking at a rate
of 20.78% with the average single glacier area decrease was 0. 12 km®. @The average annual retreat rate experi—
enced a "slowHfast-slow" process in 1990—1999 1999—2006 and 2006—2013 three times. However after two
periods were faster than the previous period the glacier showed had entered a new phase of accelerated retreat
since 1999 in Alatau region; (3)Massive glacier decomposition made that a total area and the number of small-scale
glaciers had increased; (4)At the high temperatures and rainfall period of the study area regional warming was a
major factor glacial retreat; (5)At the same time the distribution characteristics of spatial structure for the glaciers
were analyzed in Finally based on the fractal theory it showed that the melting rate of glaciers in the study area
will remain high but they will remain stable. (©Compared with China Tien Shan region glaciers the Alatau region

glaciers retreat exhibit rapid trend.

Key words: glacier changes; Shrinkage; GIS and RS; cycle analysis; Alatau Region



