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Abstract: Lake is one of the important surface water resources in arid regions. They not only play an important role in
maintaining the regional ecosystem balance, but also as a sensitive indicator of climate and environmental changes. Mapping
and monitoring the lake area changes are essential to formulate the regulation policy on local water resources utilization.
According to the second National Lake Survey (2007—2011) , there are 108 lakes ( more than 1km®) in Xinjiang Uygur
Autonomous Region. Compared with the first National Lake Survey (1960s—1980s) , there are 62 Lakes ( more than 1km®)
disappeared in Xinjiang, which accounting for 87% of the total area of disappeared lakes in China. Disappeared lakes are
the main sources of saline dust storm which become a serious threat to regional ecological security and human health.
Spectral indices method was mostly conceived for water body identification on imagery from medium resolution, broad-band
multispectral sensors like Thematic Mapper (TM) , Enhanced Thematic Mapper Plus (ETM+) , SPOT-5, etc. Thus, this
study proposed a water body extraction method based on dynamic threshold of multiple remote sensing spectral indices.
Based on the remote sensing cloud computing platform-Google Earth Engine ( GEE) , this study has analyzed the spatio-

temporal characteristics of the lake numbers and areas in Xinjiang from 1986 to 2019 based on Landsat images. The main
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reasons for the lake changes were preliminarily discussed in aspects such as climate change and human activities. The results
were as follows: 1) The water body extraction method based on multiple spectral indices proposed in this study has a better
identification result in different types of lakes in arid region. 2) The number of lakes in Xinjiang ( more than 0.5km’) has
been increasing overall since 1986. Especially in the past 10 years, the lake number has shown a sharp increase, mainly in
the area around Tianshan Mountains. And in the northern part of the Qinghai-Tibet Plateau, the number of lakes (less than
5km”) has increased significantly. 3) During the study period, the area of main lakes (more than 10km®) showed a
significant expansion trend, and lakes with significant expansion were mainly concentrated in the northern part of the
Qinghai-Tibet Plateau. Ayakum Lake had the most significant expansion trend ( +16.52km*/a., P<0.01) in the study area.
However, lakes around Tianshan Mountains have a frequent inter-annual fluctuation in recent years. 4 ) Under the
background of global warming, plateau lakes continued to expand steadily after 1997 due to the supply of abundant snow
and ice melt water and minor human disturbances. On the contrary, the lakes around the Tianshan Mountain were
simultaneously affected by accelerated retreat of glaciers and human activities. Therefore, the lakes have been fluctuating

violently in recent years.

Key Words: lake; Xinjiang; water body extraction; Google Earth Engine; time series analysis
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Fig.2 Work flow of the water body mapping method based on GEE platform and Landsat remote sensing imagery
TM: &8I 4L Thematic Mapper; ETM+ . 34587 L 26| K4 Enhanced Thematic Mapper Plus; OLI: Fifiith /%1 Operational Land Imager;
NDSI: H— LB #4641 Normalized Difference Snow Index; MNDWT . f& 1EIH—{b/K & %L Modified Normalized Difference Water Index; MBWI.
2k BOKARTE S Multi-Band Water Index; NDWI.; JH—1k /KK $E 5% Normalized Difference Water Index; NDVI: I — 4k #% 5 %0 Normalized
Difference Vegetation Index; DEM: {5 @ #2## Digital Elevation Model; Slope: 3%
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Table 1 Types of lake change trend

bR e =R B HFE S p
Types of lake change trend Slopes of trend

% B 4 K Extremely significant expansion (0, + ) (=%, 0.01]
293K Significant expansion (0, +) [0.01, 0.1)
AR A 5.2 Not significant (-, +) (0.1, +x)
e 0 LS Extremely significant shrinkage (-, 0) (=, 0.01]
B ILAE Significant shrinkage (-, 0) [0.01, 0.1)
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Table 2 Confusion matrix of water body extraction

S| Reference

SCEIEH . . . .

Classification KRGT E[V/ LT At HEAMR2E
Water pixel Non-Water pixel Total pixel Commission errors

KRG TG Water pixel 13998193 890098 14888291 5.98%

7k 1A% 7T Non-Water pixel 4370188 2394896462 2399266650 0.18%

&1} Total pixel 18368381 2395786560 2414154941 —

4312 2% Omission errors 23.79% 0.04% — —
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Fig.3 Water body extraction results of different lake types by different method
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Fig.4 Comparisons between the lake extraction results in this study and the lake extraction results in previous research
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Table 3 Basic conditions and change rates of major lakes in Xinjiang

b RIE] SRR TR km? R/ m LA/ (km?/a) AL E P
Lake name Average area Elevation Change rate Trend

TR I8 951.71 1037 1.16 BEYk <0.1
N Rl 842.76 469 0.40 A B >0.1
B 5 P A I8 765.89 3867 16.52 ETE SIS <0.01
gLl 580.06 182 -0.55 A >0.1
FEHAM 459.40 2069 0.17 ETE SIS <0.01
oy G B 2 0y 8 423.30 4239 8.20 TR IS <0.01
5121 18 287.44 4696 3.70 TR IS <0.01
o 5 FEA ) 199.99 4832 3.64 TR IS <0.01
W1 168.25 466 0.02 AN 3 >0.1
B AR 117.64 878 12.68 TR ZIN S <0.01
4 45y 4R 100.72 244 2.85 A 3 >0.01

3.3.2 OR[RDA IR T AR AL REE

FREE 1.25 7“9 AR AR  WF5E X 430 11 AN a3 X PRI I AR SO0 0 358 P 83 T
FUBACRAESEAT 08T . NI AR AL R B i 28 () 40 A LG, S I sk S 0ilin 32 B4 v e 5 s SR L LA 2
B R ZE I AR (B 7) o R LLAbIE DL JEK P Sy 32 B0 52 B0 o e i a3 (HAR ARy, 3 BRI i
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Fig.5 The number change of different area lakes in Xinjiang during 1986—2019
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Fig.6 Changes in the number of lakes in different regions of Xinjiang during 1986—2019
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Fig.7 The spatial distribution of the change trend of lake areas during 1986—2019
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Fig.8 The change trend of total lake areas in different basins during 1986—2019
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Fig.9 The spatial distribution of different lake types during 1986—2019
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Fig.10 The area changes of different lake types during 1986—2019 ( Solid line: Area change, Dashed line: Linear trend)
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Fig.11 Changes in annual average temperature and precipitation in Xinjiang from 1986 to 2019
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