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This research quantifies lake level variations in the Siling Co, Co’e and Bangor Co salt lakes in Central Tibet from 1976 to 2010, 
and most notably for the 2000–2010 periods. In particular, the effects of different water replenishment modes on the lakes have 
been analyzed. Here we have provided new evidences for climate warming and accelerated glacial ablation on the Central Tibetan 
Plateau from 2000 to 2010. Based on fieldwork involving Differential Global Positioning System (DGPS) surveying and Remote 
Sensing (RS) interpretations of the lake area, we have drawn the following conclusions. (1) From 1976 to 2010, the process of 
lake level variation in Siling Co can be divided into two stages. From 1976 to 2000, the lake level rose 4.3 m in a steady fashion 
(from 4530 to 4534.3 m); the rise rate was 0.18 m/a. From 2000 to 2010, the lake level rapidly rose 8.2 m (from 4534.3 to 4542.5 
m), with a dramatically higher rise rate of 0.82 m/a. Compared with the rapidly increasing lake level of Siling Co from 2000 to 
2010, the fluctuations observed at Co’e and Bangor Co were smooth and inconspicuous. (2) From 1976 to 2009, the lake area of 
Siling Co experienced a steady-rapid-steady expansion pattern. The lake area of Siling Co increased 656.64 km2 in the 34 years to 
2010, a proportional growth of 39.4%. This was particularly significant in the 2000–2010 period, when the lake area of Siling Co 
increased by 549.77 km2, a proportional growth of 30.6%. (3) According to correlation analysis, the rise in regional temperatures, 
which has led to the ablation of glaciers, is the main reason for the rapid rise in Siling Co lake levels in the 10 years to 2010. Dur-
ing this period, Siling Co rose approximately 8 m as the direct result of glacial melting. An increase in precipitation in the Siling 
Co catchment area is the secondary factor. This contrasts with Bangor Co, where the dominant factor in lake level change is the 
long-term increase in precipitation; here, the increasing temperature is the secondary factor.  
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In recent years, climate change has become one of the most 
topical issues in earth sciences because of its relevance to 
the survival and development of human society [1]. Many 
discussions have focused on glaciers, marine environments 
and inland lakes, which are very sensitive to the cli-
mate change [2]. As the third pole of the earth, Tibet, and 
especially the inland lakes distributed there, have been a 
focus of much earth science research [3–9]. Tibet is partic-
ularly relevant for such studies because of its many unique 
features including the sparse population and the well-pre- 

served natural environment. The inland lakes of Tibet have 
not been seriously influenced by human activities, but are 
more sensitive to regional climate change. Therefore, these 
lakes (such as Nam Co [4,6], Siling Co [3,10], Lungmu Co 
and Sumxi Co [11,12]) have become the most sensitive in-
dicators to climate change on the Tibetan Plateau. Previous 
significant and meaningful research has concentrated on the 
relationship between changes in the inland lakes with re-
gional climate change. However, most scholars have paid 
more attention to changes in individual lakes, rather than 
contrasting changes of various lakes with similar micro- 
climatic conditions. Obviously, this kind of contrastive   
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research is critical for understand the response mechanisms 
of various meteorological parameters on lake properties. 
Salt lakes Siling Co, Co’e and Bangor Co lie within 10 km 
of each other (Figure 1), and have similar climatic condi-
tions. They provide a convenient location for analyzing 
change in similar lakes. In particular, the internal links  
between lake change and modes of replenishment can be 
studied. 

1  Background  

The Tibetan Plateau is the highest and largest inland lake 
area on earth. The total area of the modern lakes there    
is about 37000 km2, which accounts for 52% of the total 
area of lakes in China [13]. There are more than 600 lakes 
with an area larger than 1 km2 in Tibet [14]. Northern   
Tibet is surrounded by extensive mountain ranges such as   

 
 

 

 
 

Figure 1  a, Tectonic and topographic map of Central Tibet. The grey box in the index map outlines the geographic location of the main map. b, Topogra-
phy and major rivers around Siling Co. ① Zhajiazangbu River, ② Zhagenzangbu River, ③ Boquzangbu River, ④ Daergewazangbu River, ⑤ Ali-
zangbu River. c, Topographical profile map. A-A′ profile is across Siling Co and Co’e and B-B′ profile is across Siling Co and Bangor Co. The DEM data 
are downloaded from the website (http://srtm.csi.cgiar.org). 
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Nyainqêntanglha, Tanggula, and Kunlun [5]. The glaciated 
ridges of these mountains exceed 5500 m. There are 36793 
modern glaciers mapped on the Tibetan Plateau, with a total 
area of 49874 km2, and an ice volume of circa 4560 km3 

[15]. 
Siling Co is 80 km away from Bangor, Nagqu. It is the 

lake boundary of Bangor, Xianza and the Shuanghu Special 
Administrative Region (Figure 1a). Siling Co recently has 
overtaken Nam Co as the largest lake in Tibet [10]. At the 
end of October 2010, the lake elevation of Siling Co was 
4542.5 m and the lake area was 2323.6 km2. Co’e is 1 km 
south of Siling Co. Its elevation is 4562.8 m and its lake 
area is 274.1 km2. Bangor Co is 8 km east of Siling Co. Its 
elevation is 4522.5 m and its lake area is 130.6 km2. The 
latter two lakes are actually lagoons of Siling Co, which are 
separated from Siling Co by sand barriers. 

The drainage area of Siling Co covers 45530 km2, which 
makes it the largest inland lake drainage system in Tibet 
[16]. As Figure 1b shows, Siling Co has three perennial 
replenishment rivers: the Zhajiazangbu River flows into 
Siling Co at Sanba’er from the north, the Boquzangbu River 
and the Zhagenzangbu River flow into the lake at Gariqiu 
from the east and at Yagula from the west, respectively. The 
Zhajiazangbu River is 409 km long and it is the longest in-
land river in Tibet. It originates from Mt. Tanggula (6205 
m), Mt. Geladaindong (6621 m) and Mt. Girigepa (6070 m) 
in Northern Tibetan. The Zhagenzangbu River originates 
from Mt. Gyagang (6444 m), which is close to Xianza 
County. The Boquzangbu River originates from Mt. Baburi 
(5654 m) [10]. The main supplementary rivers of Co’e are 
the Daergewazangbu and Xiagangzangbu rivers, which both 
flow into Co’e from the southeast. Neither originates from 
glacial mountains, but some small glaciers may be distrib-
uted within their drainage areas. A tributary of Bangor Co is 
the Kawazangbu River. It originates from Mt. Langqin 
(5506 m) in the south, and has no glacial input [5]. To 
summarize, the supplementary water of Siling Co is glacial 
melt water. However, Co’e and Bangor Co mainly depend 
on atmospheric precipitation. 

2  Methods and data sources 

2.1  Methods 

By comparing satellite images from 1976–2009, changes in 
Siling Co, Co’e and Bangor Co have been identified. Lake 
elevations in 2010 can be obtained by DGPS measurements. 
By analyzing changes in lake area and DEM images, we 
obtained a record of the lake elevations in different years. 
Finally, by comparing the meteorological data of neighbor-
ing regions, we have interpreted specific reasons for various 
effects on the three lakes. 

ENVI, ArcGIS, and ERDAS were used to process RS 
images, which have been processed by radiation correction. 
We used the geometric correction and ortho-rectification 

functions in ENVI to modify the images, which limited po-
sitional errors to within one pixel. All coordinate data are in 
the WGS-1984-UTM projection. The region of the lakes 
was extracted by ArcGIS and ERDAS software using the 
following steps: (1) The unsupervised classification func-
tion in ERDAS was used to classify the images based on the 
contrasting infrared spectrum absorption features of water 
bodies and other objects. In this step, image was divided 
into two categories of vector data. (2) The data transfer 
function in ERDAS was used to transfer the vector data into 
raster data. Then, visual investigation was used to amend 
the boundary of the lakes in ArcGIS to limit the calibration 
error to within one pixel. (3) The lake area was calculated 
based on the number of pixels and the real area of an indi-
vidual pixel. 

Measurements of DGPS lake level elevations followed 
the steps shown in Figure 2. (1) A stable reference point 
was selected as a GPS base station, which was accurately 
located using a long-period record over several days. The 
distance between elevation measurement points in the field 
and the base station was less than 20 km. (2) A known ter-
rain triangulation point in the Siling Co region was com-
pared to the DGPS measurement results to check the error 
between the actual elevation of the triangulated location and 
the actual correction elevation. (3) The elevations of lakes 
were then measured and corrected. The accuracy of DGPS 
for elevation measurement here is  0.1 m. 

Because of the scarcity of meteorological stations in Ti-
bet, we can only use limited data from four meteorological 
stations around Siling Co (i.e. the Bangor, Amdo, Nagqu, 
and Damxung stations; meteorological data from Xianza 
station from 1990 to 2000 were missed) for statistical anal-
ysis. Annual precipitation, percentage of annual precipita-
tion anomaly, annual average temperature and annual aver-
age temperature anomaly were calculated. In addition, 2- 
and 5-year moving average values were computed. Finally, 
we did some correlation analysis using the lake area and 
meteorological statistical data to find the main factors that 
dominated lake changes in the 40 years to 2010. 

2.2  Data sources 

The data used in this paper come from two sources: (1) RS 
data downloaded from the U. S. Geological Survey web site 
(http://glovis.usgs.gov), as shown in the following table 
(Table 1); and (2) regional meteorological data from 1976– 
2007 that were collected from meteorological stations in 
Bangor, Nagqu, Amdo, and Damxung. Glacial lake fluctua-
tions are likely to be affected by both the hot season and the 
rainy season over the course of a year, whereas changes in 
the lagoons are likely only to mainly relate to the rainy sea-
son. The hot season and the rainy season in Tibet usually 
last from June to September. The lake levels generally attain 
a maximum elevation in September or October. For this 
work, we measured lake elevations during September and  
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Figure 2  Flow chart of research methods. 

Table 1  RS data (LandSAT) summary  

Acquisition date Dataset Resolution (m) Path/Raw Data type 

1976-10-08 MSS 79 150/38 GeoTIFF 

1990-06-30 TM 30 139/38 GeoTIFF 

1999-09-19 ETM+ 30 139/38 GeoTIFF 

2002-10-29 TM 30 139/38 GeoTIFF 

2007-10-03 TM 30 139/38 GeoTIFF 

2009-11-25 TM 30 139/38 GeoTIFF 

 
October 2010. To reduce the errors caused by seasonal 
changes, we tried to select the available images that were 
acquired in September or October. 

3  Results 

3.1  Lake area changes 

As shown in Figures 3 and 4, changes happen at different 
rates and over different spans of time at Siling Co, Co’e and 
Bangor Co. From 1976 to 2009, the area of Siling Co grew 
consistently, but its growth rate changed over time. Over the 
same time period, the area of Co’e remained stable with the 
exception of some slight fluctuations in a few particular 
years. The area of Bangor Co grew consistently, but the 
growth increment was relatively small.  

In Figure 4, the changes in the level and extent of Siling 
Co can be divided into three stages over the period from 
1976 to 2009. During 1976–1999 and 2007–2009 the lake 

experienced stable growth, but in the intervening period 
from 1999–2007 the growth was rapid. The area of Siling 
Co was 1666.96 km2 in 1976 and 1722.39 km2 in 1990. By 
the end of 1999, the lake area had increased to 1798.95 km2. 
In comparison, the two consecutive phases experienced a 
growth in area of 55.43 km2 (3.32%) and 76.56 km2 
(4.44%), respectively. This corresponds to annual growth 
rates of 3.96 and 8.51 km2/a. From 1999 to 2007, the lake 
area significantly increased by 488.68 km2 (from 1798.95 to 
2287.63 km2), corresponding to a proportional growth of 
27.16% at an annual growth rate of 61.09 km2/a. After 2007, 
the growth rate of Siling Co stabilized. By the end of No-
vember 2009, the lake area had increased by only 35.97 km2 
compared with 2007, an annual growth rate of 18 km2/a. To 
summarize, the area of Siling Co has increased by 656.64 
km2 (39.39%) in the 10 years to 2009. The increase in the 
area of Siling Co from 1999 to 2009 was about four times 
that of the increment from 1976 to 1999. Based on the RS 
images, we found that as the water level continued to rise, 
Siling Co became connected to Yagedong Co, close to the 
Changdugang sand barrier, between 2003 and 2005. In the 
subsequent period, the lake gradually expanded to the west-
ern coast of Yagedong Co. 

The lake area of Co’e, in contrast, has remained relative-
ly stable, although slight fluctuations have been noted. 
Compared with the previous time phase, the areal increment 
of Co’e was 0.11 km2 in 1990, 4.24 km2 in 1999, 1.13 km2 
in 2002, 3.98 km2 in 2007 and 4.83 km2 in 2009. The ma-
jor growth region for Co’e has been in the village of Qilin  
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Figure 3  Lake area variation for 1976–2009 and DGPS measurement data (triangles) in 2010. Line A-B projects the topographic profile across those lakes 
(Figure 5). The background image (1990-06-30 LandSAT TM band 4) was downloaded from http://glovis.usgs.gov. 

 

Figure 4  Comparison of lake area variation for Siling Co, Co’e and Bangor Co during 1976–2009. 

on its southeastern shore. Near Qilin, the main supplemen-
tary river, the Daergewazangbu River and the Xiagang-
zangbu River flow in to Co’e (Figures 1b and 3), forming an 
alluvial fan with an area of about 30 km2. As a result, this 
region is more sensitive to lake level rise, because of its 

moderate topography. 
The lake area of Bangor Co increased overall from 1976 

to 2009, but with slight fluctuations in some years. Com-
pared with the previous time phase, the areal increment of 
Bangor Co was 41.92 km2 in 1990, 0.91 km2 in 1999, 
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13.26 km2 in 2002, 8.39 km2 in 2007, and 2.36 km2 in 2009. 
By the end of 2009, the lake area of Bangor Co had in-
creased by 92.62% in comparison to 1976. 

3.2  Lake level changes 

The topographical profile crossing the three lakes examined 
here can be compared to a ladder that gradually decreases 
from west to east (Figure 5). This figure identifies the ele-
vation of the lake as observed from a 1976 topographic map, 
2000 SRTM data and 2010 data measured with DGPS (this 
fieldwork). As shown in Table 2, the lake level of Siling Co 
rose 4.3 m from 1976 to 2000, with an average rate of in-
crease of 0.18 m/a. From 2000 to 2010, the lake level rose 
8.2 m, with an average increase rate of 0.82 m/a. This result 
is consistent with other remote sensing studies (0.8 m/a) 
[17,18]. Although the DEM has some errors, the lake eleva-
tion changes matched well with the changes in lake area 
before and after 2000 (Figures 4 and 5, and Table 2), and 
this results further supports the accuracy of the elevation 
changes. Compared over two periods, Siling Co had the 
greatest rate of lake level increase. However, the rate of 
elevation increase for Bangor Co has not resulted in signif-
icant changes over the two periods. The rate of elevation 
increase for Co’e grew to 0.45 m/a from 0.1 m/a. 

3.3  Meteorological data 

A comprehensive analysis of annual precipitation anomaly 
data from meteorological stations in the region has found 
that the annual precipitation in the Siling Co area in the 

1970s was significantly less than the historical average. 
This “dry period” lasted about 10 years. From 1980 to the 
mid-1990s, the annual precipitation in the region returned to 
historical levels. From 1997 to 2007, however, rainfall 
showed an overall increase, with a maximum annual precip-
itation (507.3 mm) occurring in 2003. During that period, 
the annual precipitation remained about 10% higher than 
normal (Figure 6). These results accentuate the overall in-
crease in magnitude and duration of precipitation over the 
40 years to 2009. 

In addition, by analyzing the annual average temperature 
anomaly data, we have found that the annual average tem-
peratures in the eastern part of Tibet decreased significantly 
from the late 1970s to the mid-1980s. This “cooling pro-
cess” can be matched to the “dry period” which was men-
tioned above. However, from the late 1990s, there has been 
a “warming process” that has lasted more than 10 years 
(Figure 7). The growth rate of annual average temperatures 
exceeds approximately 0.3°C, which is consistent with pre-
vious findings [15,19–21]. 

4  Discussion 

4.1  Main factors of lake change 

According to correlation analysis, we have found that 
changes in the area of Siling Co are significantly related to 
long-term temperature changes (Table 3), with a correlation 
coefficient of about 0.9 (Figure 8a,b). This indicates that the 
increase in the regional long-term temperature is the main 
factor contributing to the increased expanse and elevation of  

 

 

Figure 5  Lake level elevations of Siling Co, Co’e and Bangor Co in 1976, 2000 and 2010. The location of A-B profile line has been shown in Figure 3. 
The vertical axis has been exaggerated in this schema. 

Table 2  Lake level of Siling Co, Co’e and Bangor Co in 1976, 2000 and 2010 

 
Lake level 

in 1976 (m) 
Lake level 

in 2000 (m) 
Lake level 

in 2010 (m) 
Increment in 

1976–2000 (m) 
Growth rate in 

1976–2000 (m/a) 
Increment in 

2000–2010 (m) 
Growth rate in 

2000–2010 (m/a) 

Siling Co 4530 4534.3 4542.5 ↑4.3 0.18 ↑8.2 0.82 

Co’e 4556 4558.3 4562.8 ↑2.3 0.1 ↑4.5 0.45 

Bangor Co 4520.6 4522.3 4522.5 ↑1.7 0.07 ↑0.2 0.02 
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Figure 6  Percentage of precipitation anomaly statistics. 

 
Figure 7  Average temperature anomaly statistics. 

Table 3  Correlation coefficients of lake area and meteorological data 

  Siling Co Co’e Bangor Co 
Five-year moving average annual precipitation 0.4767 0.3907 0.8194 
Two-year moving average annual precipitation 0.0133 0.4415 0.4137 
Five-year moving average percentage of annual precipitation anomaly 0.2159 0.3518 0.6446 
Two-year moving average percentage of annual precipitation anomaly 0.0060 0.3339 0.3989 
Five-year moving average annual temperature 0.8844 0.0227 0.8995 
Two-year moving average annual temperature 0.6950 0.0217 0.6542 
Five-year moving average annual temperature anomaly 0.9821 0.0058 0.7233 
Two-year moving average annual temperature anomaly 0.7203 0.0070 0.5234 
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Figure 8  Linear fit of lake area and meteorological data. a, Area of Siling Co/Five-year moving average annual average temperature; b, area of Siling 
Co/five-year moving average annual average temperature anomaly; c, area of Siling Co/five-year moving average annual precipitation; d, area of Siling 
Co/five-year moving average percentage of annual precipitation anomaly; e, area of Bangor Co/five-year moving average annual average temperature; f, area 
of Bangor Co/five-year moving average annual average temperature anomaly; g, area of Bangor Co/five-year moving average annual precipitation; h, area of 
Bangor Co/five-year moving average percentage of annual precipitation anomaly. 

Siling Co, and the regional long-term precipitation is the 
secondary factor (Figure 8c,d). According to the research of 
Pu [15] and Yao [19], the temperature on the Tibetan Plat-
eau has increased rapidly from the 1980s, and this trend has 
resulted in accelerated glacial retreat. According to Lu and 

Yao [20,21], the area of Geladaindong Glacier decreased 
from 899.31 km2 in 1969 to 884.4 km2 in 2000 (a rate of 
decrease of 1.7%). During this time, the main lakes that are 
supplied by glacial melt water on the Tibetan Plateau (e.g. 
Nam Co and Siling Co) expanded significantly. According 
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to an ice-core δ18O survey of Geladaindong Glacier [22], the 
increasing rate of temperature change from the 1970s has 
been obviously faster than at other places in the northern 
hemisphere. The increasing rate of temperature change in 
the 1990s was about twice that observed in the 1970s. This 
phenomenon indicated that the trend in annual average 
temperature increases is accelerating and that high altitude 
regions are apparently more sensitive to global warming. 
The study further confirmed “continued warming in Central 
Eastern Tibet”, a view also held by previous researchers 
[15,19,20]. The specific impact of ongoing warming on 
Siling Co may be accelerated melting of upstream glaciers 
such as Geladaindong, and increased melt water flow 
through those rivers into the lake, eventually leading to sig-
nificant changes in the lake. 

Significantly, changes in Bangor Co have been correlated 
with the long-term changes of precipitation (Table 3, Figure 
8g,h). According to the field survey, we found no glacial 
melt water supply for Bangor Co. Therefore, changes in 
lake processes in Bangor Co over the past 10 years have 
been dominated by increases in the annual precipitation. 
Interestingly, we found that the changes in Bangor Co are 
also related to long-term temperature changes (Figure 8e,f). 
One possible explanation is that although both Siling Co 
and Bangor Co have shown a good correlation between lake 
area and long-term temperature change, the role of temper-
ature change in these two lakes is not the same. Tempera-
ture increases lead to the accelerated melting of glaciers, 
and the subsequent increase in melt water input directly into 
the lake. This effect occurs quickly and directly. With re-
gard to Bangor Co, the temperature increases of the 30 
years to 2009 have resulted in a decrease in the maximum 
depth of permafrost in Northern Tibet, at a rate of 0.15–1.9 
cm/a [10]. Although this melting of permafrost has a limited 
effect on Siling Co, even a small amount of permafrost melt 
water could affect Bangor Co because of its shallow lake 
basin (water depths < 2 m) [5]. However, a time lag would 
occur between the temperature increase and the expansion 
of the lake. This effect occurs slowly and indirectly, and the 
topography of the lake basin determines how the change of 
Bangor Co is related to long-term temperature changes. 

Other explanations have been proposed to explain the 
changes observed in Siling Co. For example, Lu considered 
that the area expansion of Siling Co, Co’e and Bangor Co is 
related to the tectonic uplift of the Tibetan Plateau. He pro-
posed that this area subsided relative to the rest of the up-
lifted plateau [23]. Additionally, Yang proposed that the 
central part of the Nujiang-Bangong Suture reached maxi-
mum deformation under N-S oriented compressive stress. It 
is very possible that the expansion of Siling Co is therefore 
the result of neo-tectonic movement in an E-W direction, 
related to the suture. Consequently, these kinds of stresses 
shorten the length of Siling Co in the N-S direction, but still 
result in a larger lake area [3]. However, we believe that 
because of the limitations of the short time-scale, it is diffi-

cult to consider the neo-tectonic effects as the main reason 
for the increase in lake area and elevation. Besides, as re-
ported elsewhere, there are many inland lakes in the drain-
age area of Siling Co, such as Wuru Co, Qiagui Co, and 
Geren Co. Among these many lakes, Siling Co has the low-
est catchment area in the region [3,10,13]. Moreover, alt-
hough Bangor Co was connected to Siling Co at the begin-
ning of the Holocene, they are now separated by sandy lake 
sediments that have better permeability to water. Therefore, 
an “entangled” relationship exists between them [5]. We 
believed that this interpretation is contrary to the terrain 
observed between the two lakes and the actual history of 
them. According to Zhao, from the 1970s to 1990s, the lake 
level of Bangor Co had minor fluctuations [5], and the lake 
level of Siling Co was higher than the lake level of Bangor 
Co from the 1970s. If there is an “entangled” relationship 
between the two lakes, according to the terrain and water 
pressure, the lake level of Bangor Co should continue to rise. 
However, the fact is the ongoing rise in the lake level of 
Bangor Co began in the 1980s, and an obvious lake level 
fluctuation appears in the late 1990s. These observations are 
all inconsistent with the “entangled” view. In addition, 
through field investigations, we have found that the lower 
level sediments around Siling Co are well cemented. 
Therefore, Siling Co could not possibly connect to Bangor 
Co through those sediments. 

4.2  Estimates of glacial melt water supply in Siling Co 

The balanced equation for lake level changes could be ex-
pressed as 

 ,    h P R E  (1) 

where ∆h is variation of lake level in unit time; P is the re-
gional precipitation in unit time; R is the river supplement in 
unit time (RB: river supplement of Bangor Co); E is the re-
gional evaporation in unit time; ε is the variation caused by 
the melting of permafrost, groundwater, and water infiltra-
tion in unit time [4]. 

Above all, after 2000, the change of lake level (∆hB) of 
Bangor Co is 0.2 m, and the water supplement of Bangor 
Co by runoff (RB) is negligible. Therefore, we can estimate 
the lake level as 

 B 0.2 .h P E m      (2) 

Because the weather conditions of these three lakes are sim-
ilar, the contributions of increasing precipitation and de-
clining evaporation to the change in lake level are the same. 
So, the (PE±ε) can be offset in the comparison of three 
lakes. Therefore, the river supplement of Siling Co (RS) is 

 S S ( )R h P E      , (3) 

 S S BR h h    , (4) 

 S 8.2 0.2 8 .R m m m    (5) 

This means that the river supplement made the lake level 
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of Siling Co increase by about 8 m. We can get the river 
supplement to Co’e at about 4.3 m in the same way. How-
ever, because the Alizangbu River intermittently connects 
the Sling Co and the Co’e, it may also affect the lake level 
changes of Siling Co and Co’e to some extent. Nevertheless, 
the clear rise of lake level and the expansion of lake area in 
Siling Co are definitely related to accelerated glacial melt-
ing in the 10 years to 2009. 

5  Summury 

(1) From 1976 to 2010, the lake level variation process un-
derway in Siling Co can be divided into two stages. From 
1976 to 2000, the lake level steadily rose 4.3 m (4530 to 
4534.3 m); the average growth rate was 0.18 m/a. From 
2000 to 2010, the lake level rapidly increased 8.2 m (4534.3 
to 4542.5 m); the average growth rate dramatically rose to 
0.82 m/a. Compared with the rapid increasing progress of 
Siling Co in the 10 years to 2009, the fluctuation of lake 
levels in Co’e and Bangor Co were smooth and inconspic-
uous. 

(2) From 1976 to 2009, the lake area of Siling Co expe-
rienced a “steady-rapid-steady” expansion process. The lake 
area of Siling Co has increased by 656.64 km2 in the 34 
years to 2009, with a growth proportion of 39.4%. Since 
1999 especially, the lake area of Siling Co has been signifi-
cantly increased by 549.77 km2, with a growth proportion of 
30.6%.  

(3) According to the correlation analysis, the rise in re-
gional temperature which has led to the ablation of glaciers, 
is the main contributor the rise in rapid change in Siling Co 
in the 10 years to 2009. In fact, the lake level of Siling Co 
has increased by about 8 m as a result of the glacier melting 
directly. The increase of precipitation in the Siling Co 
drainage area is the secondary factor. The dominant factor 
for Bangor Co is the increase of precipitation in the long 
term, whereas the rising temperature becomes the secondary 
factor. 
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