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ABSTRACT: During the past five decades, fluctuations of glaciers were reconstructed from historical 

documents, aerial photographs, and remote sensing data. From 1956 to 2003, 910 glaciers investigated 

had reduced in area by 21.7% of the 1956 value, with a mean reduction for the individual glacier of 

0.10 km2. The relative area reductions of small glaciers were usually higher than those of large ones, 

which exhibited larger absolute loss, indicating that the small glaciers were more sensitive to climate 

change than large ones. Over the past ~50 years, glacier area decreased by 29.6% in the Heihe (黑河) 

River basin and 18.7% in the Beidahe (北大河) River basin, which were the two regions investigated in 

the Middle Qilian (祁连) Mountain region. Compared with other areas of the Qilian Mountain region, 

the most dramatic glacier shrinkage had occurred in the Middle Qilian Mountain region, mainly re-

sulting from rapid rising temperatures. Regional differences in glacier area changes are related to local 

climate conditions, the relative proportion of glaciers in different size classes, and other factors. 
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INTRODUCTION 
Mountain glaciers are sensitive climate indicators 

and thus subject to monitoring of environmental and 
climate changes (Oerlemans, 2005, 1994). As a tem-
perate country at low latitudes, China has the most 
abundant mountain glacier resources, with 46 298 
glaciers having a total estimated volume of 5 590 km3 
(Shi, 2000). Glacier runoff is the major contributor to 
water resources that are used to support the sustain-
able development of the environment, industry, and 
agriculture in arid and semiarid regions, especially in 
Northwest China (Yao et al., 2004). Recent evidence 
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suggests an acceleration of glacier mass loss in several 
key regions in China with the climatic warming, such 
as Tibetan plateau, Tianshan, and Kunlun Shan (Li Z 
X et al., 2010; Shangguan et al., 2007; Li B L et al., 
2006; Ye et al., 2006; Jin et al., 2005; Yang et al., 
2003; Fujita et al., 2000), which has attracted wide at-
tention. 

Research on large-scale and long-time glacier 
fluctuations in the Qilian Mountain region is limited 
despite the fact that the glaciers in this region provide 
important water resources for local economic devel-
opment. There has been some research work in the 
Qilian Mountains. From the late 1950s to the late 
1980s, scientists from the Chinese Academy of Sci-
ences (CAS) conducted some glacier expeditions in 
this region (Liu et al., 1992; Xie et al., 1985; Acade-
mia Sinica, 1959). Liu et al. (2003) analyzed fluctua-
tions of glaciers in the western Qilian Mountains from 
the Little Ice Age to 1990. However, glaciers in the 
Qilian Mountain region have experienced mass loss 
prominently owing to an increase in temperature of 
0.5±0.2 ℃ over the past 50 years in Northwest China 
(Li et al., 2003). Therefore, it is necessary and urgent 
to do further research on recent glacier changes in the 
other parts of the Qilian Mountain region. 

Taking this into account, this article concentrates 
on the glacier changes in the Middle Qilian Mountain 
region. Glaciers, acting as a huge alpine reservoir that 
regulates annual runoffs, are a reliable water source 
for oases and for the sustainable development of the 
ecological environment, industry, and agriculture in 
this region (Shen et al., 2001; Shi, 2001; Yang, 1991). 
According to the image interpretation method pro-
vided by World Glacier Monitoring Service (WGMS), 
historical data (topographic maps and aerial photo-
graphs) are available for comparison with advanced 
spaceborne thermal emission and reflection radiome-
ter (ASTER) images in order to estimate changes of 
glaciers in the Middle Qilian Mountain region. 
 
STUDY AREA 

The Qilian Mountains (36.5ºN–39.5ºN, 93.5ºE– 
103ºE) are located on the northeastern edge of the Ti-
betan plateau. Their northern part is the Hexi corridor 
of Gansu Province, and the southern part includes the 
Qaidam basin and the Qinghai Lake of Qinghai Prov-

ince. The region of interest lies in the middle part of 
the Qilian Mountains, in the head water of rivers such 
as the Heihe and Beidahe (Fig. 1). The Heihe is the 
second largest inland river in the arid area of North-
west China, with the main stream extending 821 km in 
length. The drainage area, south of the Yingluo gorge, 
has catchments accounting for about 10 009 km2 with 
an elevation ranging from 1 700 to 4 823 m a.s.l., 
characterized by high precipitation, low evaporation, 
and low temperature (Chen et al., 2005; Lan et al., 
2005; Gao and Li, 1991). 
 

 

Figure 1. Sketch map showing the study area and 
distribution of glaciers. 
 

According to the Glacier Inventory of China I 
(Qilian Mountains) (Wang et al., 1981), 1 078 glaciers 
were listed with a total estimated area and volume of 
420.55 and 13.67 km3, respectively, including 428 
glaciers of the Heihe and 650 glaciers of the Beidahe. 
These data were compiled in 1979 on the basis of ae-
rial photographs acquired largely in 1956, but partly in 
1957 and 1966, and topographic maps based on the 
aerial photographs. 
 
DATA AND METHODS 
Data Processing and Uncertainty Assessment 

To compare recent changes in glacier area over 
the past ~50 years, 10 ASTER images taken from June 
to September 2003 and 2004 (9 in 2003 and 1 in 2004) 
with the resolution of 15 m and 50 topographic maps 
(1 : 50 000) derived from aerial photographs acquired 
during 1956 to 1978 (40 in 1956, 3 in 1957, 5 in 1966, 
and 2 in 1978) by the Chinese Military Geodetic Ser-
vice were analyzed. Therefore, the study period can be 
considered to be approximately from 1956 to 2003. 
All images were obtained for the (nearly) cloud-free 
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conditions and for the ablation period when the extent 
of snow cover was minimal to reduce potential uncer-
tainty in glacier boundary delineation due to snow 
cover, which were the best choices since 2000. A 
digital elevation model (DEM) with resolution of 30 
m, provided by the Environmental and Ecological 
Science Data Center for West China, National Natural 
Science Foundation of China, was used for the 
orthorectification of ASTER images using method-
ologies described by Toutin (2002) and Kääb (2004) 
and PCI Geomatica 9.1 Orthoengine software. Geo-
correction and co-registration were established using 
ERDAS Imagine 9.0 software. The clearly distin-
guishable terrain features were selected from topog-
raphic maps that could be identified on each image. 
On average, 30 to 50 GCPs have been collected with 
the root mean square error (RMSE) value <1.0 pixel 
(15 m) in both x and y directions. All images and 
maps were presented in a Universal Transverse Mer-
cator (UTM) coordinate system referenced to the 
World Geodetic System of 1984 (WGS84). 
 
Glacier Outline Extraction 

The glacier outlines are mapped manually with 
the DEM by commercial GIS software (ARCVIEW), 
using the topographic maps and ASTER images (Fig. 
2), which is a useful tool for extracting detailed in 
formation from satellite imagery for glaciers (Raup et 
al., 2007a), particularly when mapping is conducted 
by the same person using a combination of different 
types of imagery (e.g., aerial photographs and 

 

 

Figure 2. Example of the glacier outlines extraction 
from ASTER images and topographic maps. Red 
glacier outlines are of 2003 and blue outlines of 
1956. 

ASTER) (Paul et al., 2002). Area and other parame-
ters of the glaciers in different periods can be com-
puted from the extracted glacier polygons, resulting in 
a total sample of 910 glaciers. For some images and 
sections containing clouds or fresh snow cover, the 
outlines of some glaciers were not validated accu-
rately, which were omitted. Supra-glacial debris cover 
is a factor reducing the accuracy of mapping as it con-
tributes to the overall accuracy of the glacier outline. 
However, glaciers are debris-free in this particular 
case. 
 
RESULTS 
Characteristics of Glacier Distribution 

The characteristics of glacier distribution in the 
study region are investigated by analyzing statistically 
the relations between topographic parameters (Fig. 3) 
and the glaciers using the extracted glacier polygon 
data in 2003. The relationship between area and num-
ber of glaciers and aspect shows clearly regional 
characteristics of glacier distribution. Thus, 721 gla-
ciers with areas of 245.79 km2 that account for 79.0% 
of the total area are located in the three sectors, 
northwest, north, and northeast, similar to other re-
gions of the Northern Hemisphere (Evans, 2006). The 
number of glaciers smaller than 1.0 km2 in the three 
aspects occupies 93.1% of the total value in 2003. 

Figure 4 presents the distribution of glacier cov-
erage in the Middle Qilian Mountain region, Heihe 
 

 

Figure 3. Distribution of glacial number and area 
with different aspects in 2003/2004. 
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Figure 4. Glacier area, number, and area loss by 
glacier size class for 1956 to 2003 in the Middle 
Qilian Mountain region (a), including the Beidahe 
River basin (b) and the Heihe River basin (c). 1. 
Glacier area loss; 2. glacier area in 2003; 3. num-
ber of glaciers. 
 
River basin, and Beidahe River basin from approxi-
mately 1956 to 2003 according to the glacier size class 
(0.01–0.1, 0.1–0.5, 0.5–1.0, 1.0–5.0, and >5.0 km2). In 
the Middle Qilian Mountain region, about 90.4% of 
all glaciers in 2003 are smaller than 1.0 km2 with a 
contribution of about 57.6% to the total area, while 
only two glaciers in this sample are larger than 5.0 
km2 with a total area of 10.92 km2. Moreover, about 
9.3% of the glaciers with the area of 1.0–5.0 km2 ac-
count for 39.0% of the total area. Glaciers with the 

area of 0.01–0.1, 0.1–0.5, and 0.5–1.0 km2 account for 
15.6%, 56.9%, and 18.0% of the total numbers, re-
spectively, and the summation of their areas contrib-
utes more than half of the total areas. Therefore, small 
glaciers (<1.0 km2) form a remarkable part of the 
number and area cover in this region. In the Heihe 
River basin, about 97.2% of all glaciers are smaller 
than 1.0 km2 with a contribution of about 82.5% to the 
total area, while only 2.8% in this sample are larger 
than 1.0 km2 and contribute 17.5% to the total area. 
No glaciers are larger than 5.0 km2. In the Beidahe 
River basin, small glaciers with area <1.0 km2 occupy 
57.2% of the total area and glaciers in 1.0–5.0 km2 
size class have largest proportion of the total area 
(42.5%). 
 
Changes in Glacier Area from 1956 to 2003 

The glacier areas determined from the ASTER 
images allowed for an analysis of the change in area 
between 1956 and 2003 (Table 1). The results show 
that the total area of the 910 studied glaciers had de-
creased by 21.7% of the 1956 value from 397.41 to 
311.02 km2 with the area reduction of 0.10 km2 for an 
individual glacier. Three glaciers, which enlarged their 
areas, with the largest increasing rate <5%, were 
smaller than 1.0 km2 and located on the lee side of the 
ridges. Accumulation on such glaciers depends pri-
marily on snow drift and their behavior is determined 
by local conditions rather than climatic variations. All 
the glaciers in Colorado are of the same type (Raup et 
al., 2007b). The overriding importance of local condi-
tions for the behavior of small glaciers has also been 
noted by Surazakov et al. (2007) for the Altai. The 
rates of glacier shrinkage were 29.6% and 18.7% for 
the Heihe River basin and the Beidahe River basin, 
respectively. Thirty-one glaciers at lower elevations 
with area <1.0 km2, which were present on the topog-
raphic maps, had disappeared completely by 2003, 16 
of which were smaller than 0.1 km2, 12 in 0.1–0.5 km2 
and the others in 0.5–1.0 km2. Thirteen of the 31 dis-
appeared glaciers were located in the Heihe River ba-
sin and the others in the Beidahe River basin. The av-
erage terminus retreat was 189 m with the reduction 
rate of 20.6%. The glacier shrinkage shows obvious 
regional differences, which was strongly affected by 
the obvious differences in climatic conditions, due to 
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the long distance from east to west of the Middle   
Qilian Mountain region. The annual temperature for 
the Middle Qilian Mountain region, including Beidahe 
River basin and Heihe River basin, showed increases 
with the range of 0.54–0.92 ℃ from 1950s to the 
present. The precipitation of the west was mainly af-
fected by vapor transport of the Atlantic Ocean 
brought by the West Circulation, showing increased 
tendency, while the east was affected by the vapor 
transport of the Indian Ocean and Pacific Ocean 
brought by the Southeast and Southwest monsoons, 
showing decreased tendency in the recent decades 
(Lan et al., 2004). The precipitation determines glacier 
accumulation, because the Beidahe River basin was 
larger than the Heihe River basin, directly affecting 
the regional differences of the glacier shrinkage for 

the Middle Qilian Mountain region. Moreover, the 
proportion of glaciers smaller than 1.0 km2 in the 
Heihe River basin was higher (94.3%) than the   
Beidahe River basin (88.7%). 

The rate of shrinkage varied between glaciers of 
different size. The pattern of relative changes in gla-
cier area between 1956 and 2003 is illustrated by Fig. 
5. In 1956, 90.8% of glaciers were smaller than 1.0 
km2 and occupied 62.0% of the glacierized area. 
These glaciers accounted for 78.4% of the total loss. 
This is a larger contribution than that observed in the 
Swiss Alps, where small glaciers accounted for 44% 
of the total loss between 1973 and 1999 occupying 
18% of the glaciated area (Paul et al., 2004). Glaciers 
in the size class of 0.01–0.1 km2 had lost 44.5% of 
their total areas with the average area reduction of 

 
Table 1  Glacier area changes between 1956 and 2003 in the Middle Qilian Mountain region 

1956 2003 Glacier changes Basin 

Number Area (km2) Number Area (km2) Number Area (km2) Percentage (%)

Heihe River basin 335 109.35 322 76.94 -13 -32.41 -29.6 

Beidahe River basin 575 288.06 557 234.08 -18 -53.98 -18.7 

Total 910 397.41 879 311.02 -31 -86.39 -21.7 
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Figure 5. Relative changes in glacier area of different sizes in the Middle Qilian Mountain region from 1956 
to 2003. Mean values of glacier area change (horizontal line) together with standard deviation (vertical bars) 
are given for four area classes (0.01–0.1, 0.1–0.5, 0.5–1.0, 1.0–5.0, and >5.0 km2). 
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0.03 km2. Glaciers larger than 1.0 km2 had only lost 
12.3% of their areas. However, the average area re-
duction reached to 0.22 km2. In addition, the area re-
duction rates were 31.2% (0.08 km2) for 0.1–0.5 km2, 
21.7% (0.15 km2) for 0.5–1.0 km2, 12.7% (0.22 km2) 
for 1.0–5.0 km2, and 8.3% (0.49 km2) for >5.0 km2, 
respectively. As for the area changes of glaciers in 
different size, the relative changes of small glaciers 
were usually higher than those of large ones, which 
exhibit larger absolute loss. This indicated that the 
small glaciers were more sensitive to climate change 
than large glaciers (Nesje and Dahl, 2000; Knight, 
1998; Jóhannesson et al., 1989). The standard devia-
tions of glacier area changes for glaciers in 0.01–0.1, 
0.1–0.5, 0.5–1.0, 1.0–5.0, and >5.0 km2 were 29.80, 
22.35, 16.90, 9.22, and 4.66, respectively. The scatter 
of individual changes was strongly increasing towards 
smaller glaciers, which further demonstrated the par-
ticularly sensitive of small glaciers to climate change. 
 
DISCUSSION 
Recent Glacier Shrinkage Related to Local Climate 
Change 

The evolution of temperature and precipitation 
during the periods of the year that better represented 
the glacial mass balance was analyzed to show the re-
lation between climatic trends and glacier shrinkage. 
Changes of the glaciers in the study area were pre-
dominantly influenced by summer temperature 
(June–August) and annual precipitation. Therefore, 
daily air temperature and precipitation data from five 
high altitude meteorological stations in the Middle 
Qilian Mountain region (Table 2, Fig. 1) with a long 
period of observations were used. All the data we used 
were from 1960 to 2005.  

An average of the summer temperature anomalies 

from the 46 years means (1960–2005) as well as an-
nual precipitation was analyzed over the same time 
period from the five closest stations in the study area. 
Figure 6 shows the trends in summer temperature and 
annual precipitation over the period 1960 to 2005. The 
linear trend analysis of mean temperatures indicated 
that the average rate of summer temperature increase 
was 0.27 ℃/10a. During the corresponding period, 
the records at the five stations displayed a gradual in-
crease in annual precipitation, with the average rate of 
12.56 mm/10a. Increasing summer temperature leads 
to (1) an increased amount energy available for ice 
and snow melt, (2) decreased snow accumulation (and 
increased proportion of liquid precipitation), and (3) 
lower albedo of the glacier surface (Hagg and Braun, 
2005; Dikich and Hagg, 2004; Fujita and Ageta, 2000; 
Ageta and Kadota, 1992). The increase of precipita-
tion has provided good conditions for the glacier ac-
cumulation. However, the increase of summer tem-
perature caused the increase of liquid precipitation in-
stead of solid precipitation in the high-altitude glaci-
erized area for the glaciers with summer accumulation, 
leading to the reduction of accumulation and the ac-
celeration of ablation. Moreover, the linear trend 
analysis indicated that the average increase rate of 
winter precipitation (0.28 mm/10a) was less, which 
cannot make up the mass loss of glaciers, resulting in 
the accelerated melting. It is consistent with the re-
search results of the Qiyi glacier of this region (Sakai 
et al., 2006). Although the annual precipitation in-
creased slightly from 1960 to 2005, generally increas-
ing summer temperature leads to significant glacier 
melt, which seems to be the most significant factor for 
recent glacier shrinkage in the Middle Qilian Moun-
tain region. 

 
Table 2  Meteorological stations used in this study (locations are shown in Fig. 1) 

Meteorological station Lat. (N) Lon. (E) Altitude (m) Observation period 
Minle 38.45º 100.82º 2 272 1958–2005 
Sunan 38.83º 99.62º 2 311 1957–2005 
Qilian 38.18º 100.25º 2 789 1957–2005 
Tuole 38.80º 98.42º 3 368 1957–2005 
Yeniugou 38.62º 99.35º 3 180 1960–2005 

Lat.. latitude; Lon.. longitude. 
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Figure 6. (a) Summer temperature (June–August) and (b) annual and winter precipitation (November– 
March) for 1960 to 2005 in the five meteorological stations in the study area. 
 
Regional Differences in Glacier Area Changes in 
the Qilian Mountain Region 

While using remote sensing data and geographi-
cal information systems is informative for under-
standing glacier changes over large regions, compari-
son was made with other glaciers in the Qilian Moun-
tains of Northwest China. Two points emerged from 
the comparison studies: (1) glaciers in the Qilian 
Mountain region are shrinking and (2) the rates of 
shrinkage vary in different regions as illustrated by 
Table 3. The largest shrinkage rate was in the Middle 
Qilian Mountain region, where glacierized area had 
declined by 21.7% during the past ~50 years, accord-
ing to this study. The second was Lenglongling, east-
ern Qilian Mountain region, with the shrinkage rate of 
28.97% from 1960s/1970s to 2002 (Zhao, 2009). The 
smallest decrease in glacier area was in the western 
Qilian Mountain region (12%) (Liu et al., 2003). 
Study of glacier changes in the western Qilian Moun-
tain region was limited from 1956 to 1990 and the re-
duction rate would probably change with the rapid 
temperature increasing, which can cause the compari-
son of results to be misleading; however, due to the 
lack of data, there may be no better way than to com-
pare the area reduction rate for time periods that are as 
close as possible. 

Furthermore, the shrinkage rate of glaciers in the 
Qilian Mountain region appears to be faster than the 
other glaciers in the Middle Chinese Tien Shan (13% 
in 1963–2000), West Kunlun Shan (0.4% in 
1970–2001), Tarim Interior River basin (3.3% in 
1960s/1970s–1999/2001), and Xinjiang Uyger 
Autonomous region (11.7% in 1960s/1970s–2002/ 

2006) in western China (Li Z Q et al., 2010; Shang-
guan et al., 2009, 2007; Li B L et al., 2006). Mass 
balance observation of the Qiyi Glacier in the Middle 
Qilian Mountains had further demonstrated this result. 
The Qiyi Glacier experienced positive mass balance of 
about 360 mm/a in the 1970s and 4 mm/a in the 1980s. 
However, the recent observation shows that mass bal-
ances of the glacier were -810 mm in 2001/2002 and 
-316 mm in 2002/2003, respectively, suggesting that 
the glacier was thinning dramatically (Pu et al., 2005). 
In the last 2 to 3 years, the glacier has been character-
ized by strong negative mass balance and its snow line 
has gone up steadily. Now, the equilibrium line of the 
glacier has reached the highest altitude since the gla-
cier has been observed. The intensive mass loss of the 
glacier in the recent years represents the sensitive re-
sponse to the climatic warming. Against the back-
ground of global warming, it is expected that the gla-
cier will experience negative mass balance, thinning, 
shrinking, and rising snow line. 

Glacier variation is driven by climate change, 
especially temperature and precipitation. It shows a 
significant temperature increase in the Qilian Moun-
tain region in the late 1980s, especially after 1990s, 
which basically agrees with the climate change in 
Northwest China, indicating obvious response to 
global warming (Jia et al., 2008). According to the 
study of Jia et al. (2008), the regional differences of 
climate changes in the Qilian Mountains were ana-
lyzed using the monthly temperature and precipitation 
data of the selected eight stations in the study area. 
The annual and summer temperature in the eastern, 
middle, and western Qilian Mountain region both 
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Table 3  Comparison of glacier changes in the eastern, middle, and western Qilian Mountain region 

Area change Qilian Mountain 

region 

Study area Period Number of 

glaciers km2 % 
Source 

Eastern Lenglongling 1960s/1970s–2002 244 -29.85 -28.97 Zhao, 2009 

Middle Middle Qilian Mountain 1956–2003 335 -86.39 -21.7 This study 

Western Western Qilian Mountain 1956–1990 1 731 -151.9 -12 Liu et al., 2003

 

showed a significant upward trend with a mean trend 
of 0.30, 0.33, and 0.27 ℃/10a for the annual tem-
perature and 0.27, 0.27, and 0.23 ℃ /10a for the 
summer temperature. The growth rates of the annual 
and summer temperature for the middle and eastern 
Qilian Mountain region are relatively large, especially 
in the middle. The annual precipitation fluctuated with 
the mean rate of 10.0, 12.6, and 12.2 mm/10a. In con-
trast, while the precipitation was almost fluctuating, 
the comparative rapid increase in temperature was an 
important factor that resulted in the more intensive 
ablation of glaciers in the middle than the other areas 
of the Qilian Mountain region. 

Moreover, taking into account of the influence of 
the glacier size distribution, the average areas of gla-
ciers in the Lenglongling, Middle Qilian Mountain re-
gion, and western Qilian Mountain region were 0.41 
km2 (2002), 0.35 km2 (2003), and 0.62 km2 (1990), 
respectively. In contrast, glaciers in the Middle Qilian 
Mountain region were comparatively small and about 
90.4% of all glaciers are smaller than 1.0 km2. Small 
glaciers in particular respond quickly and sensitively 
to the temperature increasing by retreating, which is 
another important reason for the strong glacier melt in 
the Middle Qilian Mountain region. 

The strong ablation of the glaciers in the Middle 
Qilian Mountain region was also influenced by the 
location of the glaciers, elevation, length, orientation, 
type, configuration, velocity, and other indexes (Evans 
and Cox, 2010; Hodgkins et al., 2007). Debris cover 
(produced by englacial material brought to the ice 
surface or from falling rocks), a factor that can con-
siderably reduce the ablation processes on a glacial 
surface, is nonexistent in the Middle Qilian Mountain 
region and does not require consideration in this study. 
Cia et al. (2005) pointed out that there seems to be a 
minimum response time (of very few years) between 
temperature and precipitation changes and the shrink-
age of glaciers in the Maladeta massif (Central Pyre-

nees). As the lag time for a glacier to react to climatic 
fluctuations depends mainly on its size and its latitu-
dinal location, climate changes, even if subdued, are 
felt faster and more precisely by smaller glaciers lo-
cated in warmer settings than by larger glaciers in 
higher latitudes. As for the small elevation span for 
the glaciers in this study, the equilibrium line altitude 
will continue to rise with the climatic warming, and 
most of the glaciers will be in the ablation area. It is 
estimated that glaciers in the Middle Qilian Mountain 
region will experience more intensive shrinkage in the 
future. 
 
CONCLUSIONS 

Glaciers in the Middle Qilian Mountain region 
decreased significantly in area from 1956 to 2003 and 
21.7% of the area had been lost, including 29.6% in 
the Heihe River basin and 18.7% in the Beidahe River 
basin, primarily due to increasing summer tempera-
tures. The shrinkage of the glaciers shows differences 
between glaciers of different sizes. The relative area 
reductions of small glaciers were usually higher than 
those of large ones, which exhibit larger absolute loss. 
This indicated that the small glaciers were more sensi-
tive to climate change than large glaciers. Compared 
with the other glaciers in the Qilian Mountain region, 
the shrinkage of the glaciers in the Middle Qilian 
Mountain region was the largest. The regional differ-
ences of the glacier changes in both Middle Qilian 
Mountain region and the Qilian Mountain region were 
mainly influenced by the regional climate conditions, 
initial glacier area, elevation span, terminus elevation, 
and other factors. 
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