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ABSTRACT: Two field surveys on the thickness of Hei Valley No. 8 Glacier (H8) on the southern slope 

of Mount Bogda in the Tianshan (天山) Mountains using ground-penetration radar (GPR) were carried 

out in August 2008 and September 2009. Comparisons of the observed change in glacier thickness using 

GPR and ablation stakes suggest that GPR observations have high accuracy. Thus, the thickness 

change for H8 during 2008–2009 was estimated using GPR data. Digital elevation models obtained 

from topographic maps and the Shuttle Radar Topography Mission were used to analyze ice-elevation 

changes of H8 between 1 969 and 2 000 m a.s.l.. The results show that H8 has continually thinned, and 

the thinning rate has increased gradually. The thinning of ablation areas of H8 increased from 

0.42±0.56 m/a in 1969–2000 to 1.47±0.79 m/a in 2000–2008, and then accelerated to 1.92±0.98 m/a in 

2008–2009. The retreat of the glacier terminus has had a similar pattern. The distribution of the    

temperate-ice zone of H8 as determined from GPR data also implies that H8 has experienced strong 

melting from 2008 to 2009, which indicates that temperature rises have not only enhanced glacial sur-

face melting and prolonged melting periods, but also changed the englacial structure and increased the 

water content of glacier, both of which probably lead to the acceleration of glacial thinning.  

KEY WORDS: Hei Valley No. 8 Glacier (H8), ground-penetrating radar, ice-elevation change, thinning 

retreat, Tianshan. 

 

INTRODUCTION 
Glaciers are considered to be both a product and 

indicator of climatic change (Meier et al., 2007). 
Global warming since the Little Ice Age (LIA) has  
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greatly reduced glacier coverage worldwide, and 
raised the equilibrium line altitudes of many glaciers 
(Aizen et al., 2007; Lioubimtseva and Cole, 2005; Liu 
et al., 2003; Su and Shi, 2002). The melting of polar 
and mountain glaciers is considered to be a main 
cause of the sea-level rise (Meier et al., 2007; Kaser et 
al., 2006; Braithwaite, 2002; Su and Shi, 2002), so it 
is important to understand the responses of glaciers to 
climate generally so as to be able to assess regional 
climate change (Annina et al., 2012; Liu et al., 2010; 
Christoph et al., 2007). Meanwhile, meltwater is re-
garded as an important water source in arid and se-
miarid regions, and plays a vital role in daily life, 
agricultural development, the raising of livestock and 
industrial development (Ding et al., 2006; Yao et al., 
2004). To predict the future glacial response to climate, 
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it is necessary to understand the variation trends of the 
glacier length, area, retreat rate, thickness and other 
parameters in different periods (Meier et al., 2007; 
Oerlemans, 2005). 

Remote sensing techniques have been applied to 
the Tianshan Mountains of Central Asia. Changes in 
the extent of 335 glaciers among the end of the LIA 
(mid-19th century), 1990 and 2003 have been esti-
mated through the delineation of glacier outlines and 
LIA moraine positions in Landsat Thematic Mapper 

(TM) and Advanced Spaceborne Thermal Emission 
and Reflection Radiometer (ASTER) imagery for 
1990 and 2003, respectively. By 2003, the glacier sur-
face area had decreased by 19% from the LIA value, 
which constitutes a 76 km2 reduction in the glacier 
surface area. The mapping of 109 glaciers using     
1 : 25 000 maps for 1965 revealed that the glacier 
surface area decreased by 12.6% between 1965 and 
2003 (Kutuzov and Shahgedanova, 2009). In addition, 
global positioning system (GPS) (Shangguan et al.,  
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Figure 1. (a) Location of the No. 8 Glacier in the Hei Valley; (b) location of the No. 8 Glacier extracted from 
an Enhanced Thematic Mapper image; (c) schematic diagram of the track line of the GPR in August and 
September; (d) a picture of the termination of the glacier (taken on September 14th, 2009). 
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2010, 2009), ground-penetrating radar (GPR) (Jevre-
jeva et al., 2008; Bhosle et al., 2007; Al-Qadi and 
Lahouar, 2005), mass balance, and degree-day model 
(Zhang et al., 2010; Zhang et al., 2005; Bamber, 1987) 
studies have shown that there has been a significant 
effect of climate warming on glaciers in the Tianshan 
region in recent years. 

In previous study, the mass balance has been re-
garded as the most important parameter in glacial var-
iation and climate change (Vincent et al., 2002; Et-
zelmüller et al., 1993). In China, however, only 
Urumqi Glacier No. 1 has been subjected to systemat-
ic mass-balance measurements for nearly 50 years 
(Wang et al., 2011; Anderson et al., 2006; Braithwaite, 
2002). Ice surface-elevation change is also an effec-
tive parameter for estimating the mass balance of a 
glacier for which there is a lack of observations 
through comparing a current digital elevation model 
(DEM) and an older DEM or topographic map 
(Shangguan et al., 2010, 2009). In addition, the mass 
loss can be extracted from thickness data for two pe-
riods (Andrea, 2009). In this study, we use GPR data 
for two periods to acquire the glacial mass loss, and 
compare with data recorded using ablation stakes to 
verify accuracy. The geological uses of GPR include 
the mapping of englacial structures and ice thickness 
(Bennett et al., 2009; Binder et al., 2009; Rippin et al., 
2003; Gogineni et al., 2001; Moorman and Michel, 
2000; Welch et al., 1998; Moore et al., 1989). The 
development of GPR technology has increased its ac-
curacy, which in turn has allowed the determination of 
the change in thickness over a short time scale. 

Not only does a glacier thin during the ablation 
season, but there is also meltwater infiltration through 
crevasses and moulins on the surface of the glacier. 
The englacial hydrological condition also changes. 
For instance, meltwater is channeled to temperate ice 
beneath the cold surface ice layer through surface 
crevasses and moulins (Murray et al., 2000; Moore et 
al., 1999; Macheret and Zhuavlev, 1993). A pure-ice 
body has a smooth representation in GPR, whereas the 
presence of water introduces noise. The comparison of 
ice-core data with radar image data has demonstrated 
that that GPR effectively distinguishes cold ice from 
temperate ice (Dowdeswell and Evans, 2004; Petters-
son et al., 2003; Moore et al., 1999). Therefore, the 

extent of temperate ice can be regarded as a reference 
index of englacial ablation. 

The thickness of Urumqi Glacier No. 1 and that 
of the Koxkar Glacier in the Tianshan Mountains have 
been investigated several times between 1970 to 2000, 
but comparison of the results is difficult because of 
the differences in survey locations and GPR instru-
ments. In this study, we use the same Pulse Ekko-Pro 
GPR system to record data once in 2008 and once in 
2009 on two measurement tracks that correspond to 
basically the same positions and have good compara-
bility. Additionally, we use ablation stakes for the 
same period to verify the thickness data. This allows 
the accurate acquisition of the variation in ice thick-
ness and englacial structure. 
 
STUDY AREA AND METHOD  
Site Description 

The No. 8 Glacier in the Hei Valley (H8) 
(43°44'N–43°47'N, 88°19'E–88°22'E) (Fig. 1b) is lo-
cated on the southern slope of Bogda Peak in the 
Tianshan Mountains. The glacier is regarded as a con-
tinental glacier (Hu and Li, 1989) and has a wide ac-
cumulation region with firn snow. H8 terminates at an 
altitude of 3 350 m a.s.l., has a high point at approx-
imately 5 400 m a.s.l.. and has an area of 13.07 km2. A 
field survey found that there are a great number of 
seracs above an altitude of 3 700 m a.s.l., there are 
irregularities of the glacial surface over most of the 
ablation area, and there are many supraglacial rivers 
and melting caves. 
 
Equipment and Method 

This study conducted two repeat investigations of 
H8 on August 3rd and 4th, 2008, and on September 
14th and 15th, 2009, using the Pulse Ekko-Pro GPR 
manufactured by Sensors & Software Inc., Canada. 
The transmitting-receiving antennae were arranged in 
parallel at a distance of 4 m and transverse to the pro-
file direction. The glacier’s complex surface relief 
made working with GPR difficult and the handheld 
approach was the most effective method for survey-
ing. 

The GPR profiling was run in a common offset 
mode and traces were triggered artificially. Data were 
obtained over approximately 10 km between altitudes 
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of 3 480 and 3 690 m a.s.l.. The profiles were record-
ed at one trace per meter, and each trace was resolved 
using 32-bit samples, which ensured the horizontal 
resolution of the section of measurement. Data for the 
two measurement tracks correspond to basically the 
same positions and have good comparability. Consi-
dering the different aiming depths and glacial loca-
tions, various time windows of 2 800–3 200 ns were 
adopted. A GPS device manufactured by Beijing Un-
iStrong Science & Technology Co. Ltd. was used to 
position each profile. The standard error of the GPS 
device was 0.01 m±1 ppm (horizontal error) and 0.02 
m±1 ppm (vertical error) under the conditions of the 
survey and signal reception. However, surveys of sur-
faces with geodetic-quality GPS receivers in real-time 
kinematic differential mode typically lead to horizon-
tal and vertical survey errors (Rivera et al., 2005), 
which meets GPR data processing and analysis. 

Radiowave velocities were calculated on the ba-
sis of the travel time to a point diffractor observed in 
the radar records. Only symmetric diffraction hyper-
bolae, which correspond either to point or horizontal 
linear diffractors crossed by the radar profile, were 
used. Features such as water-filled channels were de-
tected and measured using multiple profiles to esti-
mate the radiowave velocity correctly. This study 
adopted a radar wave velocity of 0.167 m/ns. 

 
Error in GPR Measurement  

There are two main aspects to GPR measurement 
error: the antenna distance and antenna resolution. In 
terms of antenna distance, the transmitter and receiver 
antennas are placed parallel. The glacier’s complex 
undulating surface terrain affects the antenna distance 
in the measurement. Assuming the greatest change in 
antenna distance is 2 m, there is ±0.2 m error per 100 
m ice thickness. Since the maximum ice thickness 
obtained from GPR in this study is 250 m, the maxi-
mum error is ±0.5 m. In terms of antenna resolution, 
we use a 50 MHz bistatic antenna. There is a ±0.6 m 
error in identifying the bedrock interface. The total 
error is thus 

erro r ×0 .2 + 0 .6
100

= H
E P  

Topographic, SRTM DEM and TM Image 
The data used in this study include 1 : 50 000 to-

pographic Chinese Military Geodetic Service maps for 
1969. The vertical error in glacier extent is ±19 m for 
slopes less than 15° and ±11 m for slopes greater than 
15° (Kaab, 2005). We extracted topographic contour 
data to interpolate to get the 1969 DEM data, and 
represent values that have been orthorectified to the 
Universal Transverse Mercator (UTM) coordinate 
system and referenced to the World Geodetic System 
1984 (WGS84). 

Radar topology mapping data recorded by the 
Shuttle Radar Topography Mission (SRTM) 
(http://srtm.csi.cgiar.org/index.asp) in 2000 (National 
Imagery and Mapping Agency in cooperation with the 
National Aeronautics and Space Agency (NASA)) 
were also used (Table 1). We selected 80 random 
points in surrounding non-glacierized areas at eleva-
tions below 4 400 m a.s.l. and with slope less than 15°, 
and compared the DEMs. The results revealed a mean 
difference of 6.24 m. However, we did not calculate 
systematic errors because we lacked sufficient infor-
mation to quantify their magnitudes. Instead, we used 
the maximum errors for the SRTM data in 2000. We 
also acquired Aerialphotographs (1970), Landsat Mul-
tispectral Scanner TM (1997), and Enhanced Thematic 
Mapper (2010, 2007) images (dataset provided by the 
International Scientific Data Service Platform, Com-
puter Network Information Center, Chinese Academy 
of Sciences (http://datamirror.csdb.cn)). Error estima-
tion for TM is quantified based on the image spatial 
resolution or map scale (1 : 100 000 and 1 : 50 000) 
are equated respectively to spatial resolutions of 30 
and 15 m in pixel size). To calculate changes between 
two images, an average spatial resolution of these two 
maps is assumed for error determination. 
 
RESULTS 
Comparison of Ablation Stake and GPR 

Because GPR data can reflect the thickness 
change on survey regions, we extracted ablation-stake 
data for the same period to compare with GPR data 
(Fig. 2c) and provide a reference for GPR data accu-
racy. It should be noted, due to the location of ablation  
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Table 1  Topographic maps and satellite remote-sensing data 

Data Satellite sensor/map Source Spatial resolution/ 

map scale 

Sep. 1966 

 

Dec. 2000 

Aug. 1970 

Sep. 1997 

Oct. 2007 

Aug. 2010 

Topographic map 

 

SRTM3 DEM 

Aerialphotographs

Landsat TM 

Landsat TM 

Landsat TM 

Chinese military geodetic 

service 

USGS/NASA 

USGS/NASA 

USGS/NASA 

USGS/NASA 

USGS/NASA 

1 : 50 000 

 

30 m 

28.5 m 

28.5 m 

15 m 

15 m 

stake may move along with ice flow processes, in this 
study, we compared the glacier thickness change mo-
nitored by GPR survey with that observed by ablation 
stakes at the same positions as these stakes located in 
2009. The ablation results were 1.5±0.96 m and 3.32 
m for the GPR and ablation stake except at the posi-
tion with altitude of 3 629 m a.s.l., where there had 
been large ablation. At altitudes of 3 504, 3 549 and 3 
596 m a.s.l., GPR measurements were 2.87±0.91, 
1.91±0.87, 1.65±0.84 m and ablation stake measure-
ments were 3.35, 1.36 and 1.53 m, respectively, 
showing good agreement (the magnitudes of melting 
recorded with ablation stakes are all within the range 
of GPR errors). To analyze the sources of error, we 
extracted the supraglacial slope at four locations. The 
supraglacial slope is only greater at the position with 
altitude of 3 629 m a.s.l. in Fig. 2, which suggests that 
the local terrain is likely to dominate the characteris-
tics of the ice surface ablation; e.g., there is  
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Figure 2. Comparison of the GPR survey (includ-
ing errors) and ablation stake survey, and the slope 
at difference positions. 

fast supraglacial flow for steep slopes, and the slope 
affects the amount of solar radiation received. In this 
paper, we consider that measurements made with an 
ablation stake contain large errors for steep slopes, and 
GPR data are relatively accurate. 
 
Thickness Changes from 2008 to 2009 

As the location surveyed did not extend to the 
glacial boundary, interpolation borders cannot be set 
to zero. Only a limited part of the ablation area of the 
glacier was analyzed for ice-elevation change so we 
only interpolate ice thickness in the surveyed area. 
Ice-thickness distribution maps (Figs. 3a and 3b) were 
obtained by interpolating the GPR thickness data ob-
tained in 2008 and 2009 employing ordinary kriging. 
From comparison of the two survey results (Fig. 3c), it 
is seen that the ice thickness in the measurement re-
gion decreased between 1 and 3 m, with annual thin-
ning of 1.92±0.98 m. It is seen from the spatial distri-
bution of the ice thickness that the higher the altitude, 
the less the decrease in ice thickness. For instance, the 
ice thickness decreased less than 1.5 m above an alti-
tude of 3 600 m a.s.l. but decreased 2 m below that 
altitude. 
 
Thickness Change from 1969 to 2009 

Due to the difference of resolution between 1969 
topographic map, 2000 DEM and GPR, we interpolate 
the topographic map and DEM to make them get a 
uniform 10 m resolution with GPR data. Table 2 
presents the annual change in elevation for H8 from 
1969 to 2009. The table reveals that H8 has been thin-
ning since 1969, the average annual thinning in the  
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Figure 3. Map of the calculated ice thickness in 2008 (a) and 2009 (b); (c) showing the difference in ice 
thickness between a and b. 
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Figure 4. (a) Map of the difference in elevation at entire glacier area between topographic maps for 1969 
and 2000 SRTM data; The interpolated DEM at GPR survey location extracted from map (a), which have a 
uniform 10 m resolution with GPR data (b). 
 
surveyed area was 0.42±0.56 m/a from 1969 to 2000 
(Fig. 4), 1.47±0.79 m/a from 2000 to 2008 and 
1.92±0.98 m/a from 2008 to 2009, the annual change 
of thickness from 2008 to 2009 was 4.6 times that of 
1969–2000 and 1.3 times that in 2000–2008, and this 
change in elevation accelerated remarkably after 2000. 
 
 

Variation in the Distribution of Ice Temperate 
Figure 5 presents a dense chaotic return zone. 

Generally, when electromagnetic waves meet mate-
rials with particle size less than the radar resolution, 
the electromagnetic wave is not reflected. According 
to the theory of Kotlyakov and Plewes, (1) water is 
known to cause such perturbations in the wave profile 
(Kotlyakov and Macheret, 1987); (2) during an 
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Table 2  Thickness changes during different periods (change in elevation (m·a-1 )) 

Time period The position of ablation stake (m a.s.l.) 

3 504  3 549 3 596  3 629 

1969–2000  

2000–2008  

2008–2009  

0.58±0.55 

1.84±0.796

2.87±0.91 

0.54±0.55

1.31±0.786

1.91±0.87

0.45±0.55

1.49±0.792

1.65±0.84

0.32±0.55 

1.16±0.785 

1.5±0.96 
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Figure 5. Comparison between 2008 (a) and 2009 (b) indicating a change in the temperate-ice thickness; the 
location of the section is position 1 in Fig. 1c. 
 
ablation season, electromagnetic pulses can be scat-
tered owing to enhanced melting and/or refreezing 
leading to englacial heterogeneities (Irvine-Fynn et al., 
2006; Plewes and Hubbard., 2001). It is concluded 
that the dense chaotic return zone is a product of an 
ice body containing water, which is similar to the 
findings of Irvine-Fynn et al. (2006), Pettersson et al. 
(2003), and Björnsson et al. (1996). Because the sur-
face melt water usually have a positive temperature 
and vary between 0.1 and 4.0 ℃ in the rapid ablation 
period, with the increasing of supraglacial melt water, 

meltwater will transfers more heat to englacial 
ice-body. Moore et al. (1999) even estimate the tem-
perate ice to have 1%–2% water content. Maximum 
concentrations of approximately 4% water content 
were associated with ice beneath surface crevassing 
and moulins that allow water to be channeled to the 
temperate-ice aquifer beneath the surface cold ice 
layer (Moore et al., 1999), which shows change in 
spatial distribution of temperate ice can reflect the 
glacial ablation condition. Maps of the approximate 
two-dimensional spatial distribution of temperate ice 
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were constructed for each GPR survey (Fig. 6). The 
extent of the temperate-ice distribution in September 
2009 was greater than that in August 2008, and the 
region uplifted by temperate ice was mainly at 
high-altitude locations in the surveyed area, that is 
probably because the ablation of supraglacial ice-body 
in high-altitude position have intensified for climate 
warming, which lead that more melt water permeate 
into ice-body through crevasses or moulins, increasing 
englacial water content at the same high-altitude posi-
tion, which indicates that the ice body in high-altitude 
position of surveyed area is in a phase of increasing 
ablation. 

 
CLIMATE CHANGES AND GLACIER CHANGE 

The average air temperatures in September and 
October from 1952 to 2007 recorded at the Urumqi 
Weather Station near H8 have rapidly increased, at 
rates of 0.09°/10 years and 0.34°/10 years, respective-
ly, whereas the average temperature in August has 
decreased slightly at a rate of 0.015°/10 years (Fig. 7), 
indicating that the glacial ablation period for H8 may 
have been prolonged in the context of climate warm-
ing. 

The altitude of the terminus was 3 373, 3 380, 
 

0 500 m

GPR survey in 2009

GPR survey in 2008

Temperate ice zone

N

 

Figure 6. Variation in the temperate-ice distribu-
tion between 2008 and 2009. 

3 385, 3 401 and 3 409 m a.s.l. in 1970, 1989, 1997, 
2007 and 2010, respectively (Table 3). The annual rate 
of retreat of the terminus was 0.36, 0.625, 1.6, and 
2.66 m/a between these years. Comparison of the ter-
minal positions reveals that the rate of terminal retreat 
has had a tendency to increase. Particularly, during 
1997–2007 and 2007–2010, the rate of terminal retreat 
compared with the rate for the previous period in-
creased by 1 m·a-1, which indicates that the amount of 
H8 glacial meltwater is increasing. 

Research in the 1980s on H8 found that the end 
of the ablation period was September 19 and the 
amount of glacial drainage decreased after this day 
(Hu et al., 1990; Hu and Li, 1989). The GPR survey 
results show that the range of the temperate-ice dis-
tribution in September 2009 was greater than that in 
August 2008, indicating that there was much meltwa-
ter intermingling with the ice body through crevasses 
and moulins. At the same time, the greater abundance 
of englacial cavities and the development of channels 
offer much more reserve space for glacial meltwater, 
and complex englacial conflux paths increasing the 
conflux time may also result in meltwater diffusing in 
the ice body and accelerating englacial ablation (Ir-
vine-Fynn et al., 2006). The areal distribution of the 
temperate ice zone of H8 Glacier, and change in its 
radar characteristics over time indicated variable water 
content in response to an evolving hydrological drai-
nage system within the glacier. The increase in water 
stored within the temperate zone has potentially 
significant connotations, in particular relating 
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from 1952 to 2007 as recorded at the Urumqi 
Weather Station near H8 Glacier.
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Table 3  Variation in the terminal position of H8 since 1970 

Time Altitude of ter-

minus (m a.s.l.) 

Source Period Annual Variation of terminus 

position (m/a) 

1970 

1989 

1997 

2007 

2010 

3 373 

3 380 

3 385 

3 401 

3 409 

TM image 

Wang (1991) 

TM image 

TM image 

TM image 

1970–1989 

1989–1997 

1997–2007 

2007–2010 

0.360±1.70 

0.625±2.40 

1.600±1.30 

2.660±3.75 

 
to the hydrological dynamics and water released from 
high latitude glaciers subject to retreat and 
projected climatic change. 

Comparisons are made with other glaciers in the 
Tianshan Mountains in Table 4. The thinning of H8 is 
greater than that of the Koxkar Glacier and Urumqi 
Glacier No. 1. Besides the above mentioned regional 
climate warming, glacier change also is subject to 
some non-climate factors, as for the difference of ab-
lation in adjacent glaciers, the thinning of H8 is great-
er than Urumqi Glacier No. 1, for instance, flat ice 
surface keep melt-water putaside, and steep terrain 
make melt-water drain, at the same time, difference 
slope will also affect the ice surface solar radiation, 
which shows glacial topographic factors can effect 
surface ablation and dynamic characteristics. 

The distribution patterns and area of a glacier is a 
key factor influencing the glacier response to climate 
change (Genthon et al., 2009; Cannone et al., 2008), 
such as the larger the glacier area, the slower the ab-
sorbed heat can be transferred into the ice center 
(Wang et al., 2010; Li et al., 2007). H8 Glacier is 
longer, has a lingering tongue, and neither side of the 
ice body is close to bilateral bedrock, which would 
transfer much solar energy to the ice body. And a 
clean surface can absorb little sunlight on its surface 
due to its high albedo (Wang et al., 2011). 

Furthermore, the thickness of debris-cover also 
has a difference effects among glacier ablation. Ob-
servations of ice ablation under a debris layer suggest 
that a very thin debris cover may accelerate melting, 
but when surface debris thickness is more than 3 cm it 
acts as an insulator against external temperature varia-
tions on the ice body (Han et al., 2010; Xie et al., 2007; 
Goodsell et al., 2005) there are very thin debris layers 
distributed on local location of H8 glacial surface, and 
this kind of status of debris cover may accelerate 
melting. 
 
CONCLUSION  

Through GPR investigation, we can conclude as 
following. 

(1) The ice thickness in the measurement region 
of H8 decreased between 1 and 3 m, with annual thin-
ning of 1.92±0.98 m, from 2008 to 2009. The annual 
change of thickness from 2008 to 2009 was 4.6 times 
that of 1969–2000 and 1.3 times that in 2000–2008. 
This change in elevation accelerated remarkably after 
2000. We recorded GPR data twice, obtaining ice vo-
lumes in the surveyed area of 67.53×10-3 km3 in 2008 
and 66.84×10-3 km3 in 2009. From 2008 to 2009, the 
change in ice volume in the surveyed area was 0.000 
69±0.000 395 3 km3 or 1.02%±0.58%. 

(2) The range of the temperate-ice distribution in  

Table 4  Comparison of changes for typical monitored glaciers in western China in recent years 

Glacier Period Annual change (m) Source 

H8 Glacier 

 

Koxkar Glacier 

Urumqi Glacier 

No.1 

2008–2009 

1969–2009 

2000–2009 

1981–2006 

1981–2006 

1.92±0.98 (surveyed area) 

1.13±0.30 (surveyed area) 

1.50±0.73 (surveyed area) 

1.00±0.50(ice tongue) 

0.56±0.16 (main streamline in east branch）

This study 

This study 

This study 

Xie et al., 2006 

Li et al., 2007 
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high-altitude in the surveyed area, indicating that the 
ice body in the surveyed area is in a phase of increas-
ing ablation. 

(3) Comparison of TM images for different years 
showed that there was greater change in the altitude of 
the terminus around 2009, indicating an escalating rate 
of glacial retreat. 

(4) Comparison of changes of H8 with other 
glaciers by field measurement over eastern Tianshan 
indicated that the ablation area is most serious for 
glaciers in the middle of eastern Tianshan, followed 
by the west, and then the east. The climatic sensitivity 
of these glaciers not only depends on regional climate 
variability but also on local topographic effects. 
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