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Abstract: Glacial lakes are not only the important refresh water resources in alpine region, but
also act as a trigger of many glacial hazards such as glacial lake outburst flood (GLOF) and
debris flow. Therefore, glacial lakes play an important role on the cryosphere, climate change
and alpine hazards. In this paper, the issues of glacial lake were systematically discussed, then
from the view of glacial lake inventory and glacial lake hazards study, the glacial lake was defined
as natural water mainly supplied by modern glacial meltwater or formed in glacier moraine’s
depression. Furthermore, a complete classification system of glacial lake was proposed based on
its formation mechanism, topographic feature and geographical position. Glacial lakes were
classified as 6 classes and 8 subclasses, i.e., glacial erosion lake (including cirque lake, gla-
cial valley lake and other glacial erosion lake), moraine-dammed lake (including end mo-
raine-dammed lake, lateral moraine-dammed lake and moraine thaw lake), ice-blocked lake
(including advancing glacier-blocked lake and other glacier-blocked lake), supraglacial lake,
subglacial lake and other glacial lake. Meanwhile, some corresponding features exhibiting on
remote sensing image and quantitative indices for identifying different glacial lake types were
proposed in order to build a universal and operational classification system of glacial lake.
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1 Introduction

Lakes refer to water bodies which are formed in land surface basin or waterlogged depres-
sion, having certain water area and water exchange being relatively slow (Ma et al., 2011).
Lakes are not only the important component of the Earth’s hydrosphere, but also can faith-
fully record the regional climate change in different time scales and human activities around
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lake. So lake is often considered as an important information carrier to reveal global climate
change and the regional response (Cenderelli and Wohl, 2001; Ding et al., 2006; Yao et al.,
2014; Liu et al., 2014). Glacial lakes, as one of the lake types, are precious fresh water re-
sources and the natural landscape in alpine region, and yet act as a trigger of many glacial
hazards (Richardson and Reynolds, 2000; Wang et al., 2010). Under the background of
global warming, glacier-related hazards such as glacial lake outburst flood (GLOF) and de-
bris flow presented an increase tendency in amount and harmful intensity (Cui et al., 2014).
In the Tibetan Plateau, for example, there had been at least 28 GLOF events since the 1930s
(Sun et al., 2014; Yao et al., 2014), and had characteristics of frequency increase and tem-
poral extension after 2000. Therefore, glacial lakes have attracted widespread attention from
the academia and local government (Cui et al., 2014).

Globally, glacial lakes are mainly located in North America (e.g. Rocky Mountains and
Coastal Mountains of Alaska, USA) (O’Connor and Costa, 1993; Clague and Evans, 2000),
South America (e.g. Andes Mountains) (Carey, 2005), Europe (e.g. Iceland, the Alps and
Caucasus) (Huggel et al., 2002; Bjornsson, 2003; Stokes et al., 2007; Emmer et al., 2015),
and Asia (e.g. Altay Mountains, Tianshan Mountains, Karakoram Range, the Himalayas)
(Fujita et al., 2008; Chen et al., 2010; Jansky et al., 2010; Li et al., 2011; Engel et al., 2012;
Wang et al., 2012; Wang et al., 2013; Wang et al., 2016; Song et al., 2016; Song et al., 2017).
The interest area of glacial lakes in China was mainly concentrated in the Himalayas (Gao et
al., 2015; Liao et al., 2015), Tianshan Mountains (Wang et al., 2013), Karakoram Range
(Wortmann et al., 2014), Altay Mountains (Chen et al., 2015) and southeastern Tibet (Wang
et al.,2012; Song et al., 2016). And these studies focused on the change of glacial lakes (Liu
et al., 2011; Wang et al., 2013; Gao et al., 2015; Song et al., 2016; Wang et al., 2016), the
identification of potential dangerous glacial lakes (Cao et al., 2016; Liu et al., 2016), and the
simulation of GLOFs (Le et al., 2014). In recent years, the inventory of glacial lakes in some
mountainous regions had been carried out based on multi-source remote sensing images by
scholars and institutions. For instance, Wang et al. (2010) and Pradeep et al. (2001) digital-
ized the glacial lakes in the Hindu Kush-Himalaya Range, respectively. These datasets had
been an important basis for recognizing the spatial-temporal characteristics of glacial lakes
change and understanding the response of glacial lakes to the climate change in this region.
However, there is still great controversy about the definition and classification system of
glacial lakes, which will directly lead to some difficulties for comparing the result from dif-
ferent researches. Some conclusions of glacial lakes change were even opposite. For exam-
ple, Gao et al. (2015) and Wang et al. (2014) analyzed the glacial lakes change in the Koshi
River basin from 2000 to 2010, the former believed that both number and area of glacial
lakes were increasing, but the latter thought that the number was decreasing and yet the area
was increasing. Even more puzzling was the fact that, the remote sensing images in 2000
used in the two studies above were the same, with the number of glacial lakes being 1228
and 1680, respectively. Therefore, it is necessary and urgent to accurately define glacial
lakes, to build a complete classification system of glacial lakes and to provide corresponding
features for remote sensing identification.

2 Glacial lake
In the Glossary of Cryospheric Science (Qin et al., 2016), glacial lake is defined as lake
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formed by glaciation. In the Wikipedia Encyclopedia (https://en.wikipedia.org), a glacial
lake is a lake with origins in a melted glacier. They are formed when a glacier erodes the
land, and then melts, filling the hole or space that it has created. Lii et al. (1999) thought that
a glacial lake was a natural water body similar to artificial reservoir formed by ancient or
modern glaciers. Additionally, there are many similar definitions of glacial lake: (1) glacial
lake is one kind of lake formed by glaciation or supplied by glacial meltwater (Cao et al.,
2016); (2) glacial lake is plateau lake located at the terminus or the lateral part of one glacier
and glacier provides water resource when it retreats or melts (Tang et al., 2014); (3) glacial
lakes were located in a basin formed by alpine glacier movement since the Last Glaciation
Maximum (LGM), and their water were mainly from modern glacial meltwater or atmos-
pheric precipitation (Chen et al., 2015). In these definitions of glacial lake above, it is em-
phasized that glacial lakes are formed by glaciation. The main differences are whether the
time information being given or not and the material source of glacial lakes. The discrep-
ancy of accepted concept of glacial lake caused that it was difficult to separate glacial lakes
from natural lakes, which was particularly obvious in the inventory of glacial lakes and the
change researches afterwards. Instead, the lakes in a specified distance of glaciers were
treated as glacial lakes by scholars. For instance, Wang et al. (2013) and Zhang et al. (2015)
selected lakes in a 10 km buffer of glaciers as glacial lakes in the Tianshan Mountains and
Tibetan Plateau. However, it is debatable that these lakes selected are whether supplied by
glacial meltwater or there are other lakes formed by glaciation beyond the specified extent.
Undoubtedly, glacial meltwater is the main material source of glacial lakes as these defini-
tions above mentioned. But it is very difficult to quantify the glacial meltwater and calculate
its proportion in lake water volume in reality. If one lake receives glacial meltwater but is
distant from the glacier, or the glacier supplied lake disappears, it is also one problem to
judge whether these lakes are glacial lakes or not. These challenges had been causing that
some research results of glacial lakes were not comparable; meanwhile, it was also difficult
to share dataset of glacial lakes among different organizations.

From the mechanism of glacial lake formation, glacial lakes are generated in erosion de-
pressions caused by glaciers advance and retreat, and then receive glacial meltwater and
precipitation. That is to say, glaciation is the dominant factor in the formation of glacial
lakes. The LGM is the latest glaciation period when glacier coverage was the largest on the
Earth. Theoretically, a glacial lake can be defined as the natural water body formed in the
depression by glaciation since the LGM. However, there are still many problems and con-
troversies in this definition of glacial lake. One thorny issue is the determination of the cov-
erage extent of glaciers in the LGM. The other is whether the great lakes over the Tibetan
Plateau such as Namco, Yamzho Yumco Lake are glacial lakes or not. Recently, the studies
of glacial lake were mainly focused on the following fields: the inventory of glacial lakes
based on remote sensing images, the response of glacial lakes to modern climate change, the
coupling relationship between glacier variation and glacial lake evolution, the identification
of dangerous glacial lakes and glacial lake outburst flood/debris flow disasters, etc. On the
one hand, the focus of these studies is modern evolution processes of glacial lakes in the
temporal dimension, and on the other hand they all emphasized the role of modern glaciers
on the formation and evolution of glacial lakes. Therefore, in view of the modern process
and practical application, glacial lakes can be defined as natural water mainly supplied by
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modern glacial meltwater or formed in glacier moraine’s depression. In the latter definition
of glacial lake, it is emphasized on the role of modern glaciers in the formation and change
of glacial lakes. For the inventory or digitalization of glacial lakes in one region, it is sug-
gested that the glacier dataset including the WGI, the First and Second Chinese Glacier In-
ventory can be selected as the foundation of modern glaciers. To be sure, the classification
system of glacial lakes in the next section is based on the latter definition of glacial lake.

3 Classification system of glacial lake

Internationally, there has been so far no accepted standard for the classification system of
glacial lakes. Some organizations and scholars proposed the different classification systems
of glacial lakes according to their own research purposes. In the inventory of glacial lakes in
the Hindu Kush-Himalayan region, ICIMOD (Pradeep et a!/., 2001) divided the glacial lakes
into 5 classes: glacial erosion lake, moraine-dammed lake, ice-blocked lake, supraglacial lake
and subglacial lake. Based on this classification schema, Wu et al. (2011) proposed a de-
tailed classification system including 3 classes and 10 subclasses. In the study of glacial
lakes in the Altay Mountains, Yi and Cui (1994) suggested a multiple classification schema.
According to the mechanical and thermal differences in the formation of glacial lakes, they
were classified as glacial erosion lake, ice-blocked lake, moraine-dammed lake, glacial thaw
lake and glacial composite lake. According to the water supply of glacial lakes, they were di-
vided into ice-water lake and non-ice-water lake; the former were mainly supplied by glacial
meltwater and the latter were dominated by surface runoff from atmospheric precipitation.
In the inventory of glacial lakes in the Chinese Himalayas, Wang et al. (2010) presented a
classification system including moraine-dammed lake, ice-blocked lake, cirque lake, glacial ero-
sion lake, landslide-dammed lake, supraglacial lake and glacial valley lake. Cao et al. (2016)
adopted a classification system including 3 classes and 6 subclasses: glacial erosion lake
(including cirque lake and other glacial erosion lake), moraine-dammed lake (including end
moraine-dammed lake, lateral moraine-dammed lake and other moraine-dammed lake) and
supraglacial lake. Additionally, Wang et al. (2016) proposed an integrated classification
schema of glacial lakes according to the formation age of glacial lakes, the properties of dam, the
shape of lake basin, the water supply, the area change, the spatial relation between glacial lake
and its supply glacier, the risk level, etc. But there was a defect of disagreement between the
actual glacial lakes classification and the theoretical classification system. On the basis of
previous researches and the principles of systematic, normalization, operability and scalabil-
ity, we proposed a complete classification schema of glacial lakes including 6 classes: gla-
cial erosion lake, moraine-dammed lake, ice-blocked lake, supraglacial lake, subglacial lake
and other glacial lake (Table 1). According to the position or geomorphologic characteristics
of glacial lakes, the first 3 classes can be divided into 8 subclasses: cirque lake, glacial val-
ley lake, other glacial erosion lake, end moraine-dammed lake, lateral moraine-dammed lake,
moraine thaw lake, advancing glacier-blocked lake and other glacier-blocked lake.

Due to the wide application of satellite remote sensing images in the inventory of glacial
lakes and studies of their changes, the interpretation characteristics of different types of gla-
cial lakes are given in the following. Before the interpretation of glacial lake types, it is
noted that researchers should firstly determine the approximate distribution of glacial lakes
based on the inventory of glaciers and digital elevation model (DEM) data; that is to say,
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lakes are only considered in the basin of modern glaciers. Meanwhile, although the lake is
easily identified because of the obvious differences in the spectral characteristics of water
body and its surrounding features in remote sensing images, it is very difficult to distinguish
the types of glacial lakes scarcely by a single sensor or mono-phase remote sensing image.
So other data sources and technologies should be needed, too. For instance, DEM data can
be used to produce the mountain shadow so as to remove the wrong interpretation of glacial
lakes; 3D visualization technology such as the Google Earth and high-resolution remote
sensing images can be integrated to distinguish the type of glacial lakes.

Table 1 The classification system of glacial lakes

Class Subclass Description

Cirque lake The lake in one cirque

Glacial erosion Glacial valley lake The lake in U-shaped valley by glaciation

lake The lake formed by glacier erosion but not belonged to other

her glacial ion lak
Other glacial erosion lake classes of glacial lake

End moraine-dammed lake The lake between the end moraine ridge and glacier terminus
Moraine-d d
1a]i);ame amme Lateral moraine-dammed lake The lake beside the lateral moraine ridge

Moraine thaw lake The lake on the moraine ridge

Advancing glacier-blocked lake ~ The lake blocked by advancing glacier
Ice-blocked lake

Other glacier-blocked lake The lake with the dam being glacier ice
Supraglacial lake The lake on the surface of glacier
Subglacial lake The lake within the glacier or over the glacier bed
Other glacial lake The lake blocked by landslide, avalanche, debris flow, etc.

3.1 Glacial erosion lake

Glacial erosion lake refers to the water body in the depression formed by erosion and abra-
sion of glacier in the process of glacier movement. At present, the common glacial erosion
lakes were mostly formed by erosion of Quaternary glaciers. These glacial lakes were main-
ly supplied by atmospheric precipitation and had few modern glaciers in their upper part. As
mentioned above, if no modern glaciers exist in the upper lakes, these lakes will not belong
to glacial lakes. That is to say, ancient glacial erosion lakes should not be considered. Ac-
cording to the location and geomorphologic characteristics of glacial erosion lakes, they can
be divided into the following 3 subclasses.

3.1.1 Cirque lake

The outstanding feature of the cirque lake is that it is located in the cirque. The typical cir-
que is like an arm-chair surrounded by three steep rock walls and a high reverse rock sill
(see Figure 1, the centroid coordinates of the lake are 29°42'18"N, 96°18'32"E). Cirque lakes
are usually small and near the equilibrium-line altitude (ELA) of glaciers. In the identifica-
tion of cirque lake based on remote sensing images, it is necessary to use slope data derived
from DEM data or Google Earth software to check the consistency between terrain features
of glacial lakes and the cirque. If its terrain features satisfy the shape of the cirque, glacial
lakes can be classified into cirque lake.

3.1.2 Glacial valley lake
Large glaciers usually formed a U-shaped valley being steep and straight on both sides and
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flat at the bottom by laterally eroding
in tributary and downward eroding
on the glacier bed. Glacial meltwater
and atmospheric precipitation flowed
into the valley and then constituted a
lake, namely glacial valley lake. This
kind of glacial lakes were usually
larger and far from modern glaciers.
In order to expediently distinguish
with moraine-dammed lakes since
the Little Ice Age (LIA) and consider
their potential danger on the down-
stream areas, some lakes in alpine
region could been classified into gla-
cial valley lake. According to the
distance from the Akkol Lake to its
supply glacier (Kanas Glacier) in the Altay Mountains and the area of Kanas Glacier (Figure
2), it is suggested that the identification of glacial valley lake can be based on the following
criteria: (1) the morphology of lake should be U shaped; (2) there should be large glacier
with an area of above 20 km? in the upper lake; (3) the distance from lake to its supply gla-
cier should be less than 15 km so as to distinguish with tectonic lakes.

$_5 Cirque lake

Figure 1 Cirque lake
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Figure 2 Glacial valley lake

3.1.3 Other glacial erosion lake

Glacial lakes formed by glacier erosion, which are difficult to be identified by morphologi-
cal features and do not belong to the other types describing in the flowing, can be classified
as other glacial erosion lake.

3.2 Moraine-dammed lake

Moraine-dammed lake is a water body between moraine ridge and glacier due to the ob-
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struction of moraine ridge. According to the location, moraine-dammed lakes can be divided
into 3 subclasses: end moraine-dammed lake, lateral moraine-dammed lake and moraine
thaw lake.

3.2.1 End moraine-dammed lake

When glacier retreats, glacial meltwater accumulated in the space between glacier terminus
and end moraine ridge, then formed a lake, namely end moraine-dammed lake. This kind of
moraine-dammed lake is the main type causing glacial lake outburst flood or debris flow in
the Himalayas and Nyaingentanglha Mountains. End moraine-dammed lakes are usually
easy to distinguish in the remote sensing image because they are mostly linked to glacier
terminus or the distance between them is very small (Figure 3a). In addition, the end mo-
raine ridge uplifting is clear in the Google Earth software (Figure 3b), which can help to
identify the end moraine-dammed lake, too. In the downstream of larger glacier terminus,
there are usually several end moraine ridges and some lakes are formed among them. These
lakes are mainly supplied by glacial meltwater and are formed by glaciation, so they can be
classified as end moraine-dammed lake. Based on the measurement among these lakes in the
Himalayas, the distance between the upper and the lower end moraine-dammed lakes is less
than 2.0 km. In other words, the lakes with a distance being far from the upper end mo-
raine-dammed lake than 2.0 km should be not identified as end moraine-dammed lake.

88°3'E  88°4E 88°5'E  88°6'E
a) Landsat OLI,5-4-3 band combinationF - -

(b) Google Earth
N - &

27°58'N
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Figure 3 End moraine-dammed lake

3.2.2 Lateral moraine-dammed lake

Lateral moraine-dammed lake refers to the water body beside the lateral moraine ridge of
glacier. These glacial lakes usually appear around the larger valley glacier and are formed by
main valley glacier blocking the meltwater of tributary valley glacier. For instance, there are
5 lateral moraine-dammed lakes beside the Ngozumpa Glacier which is the largest glacier in
the southern Mount Everest (Figure 4), and the third Gokyo Lake with an area of 0.59 km” is
the biggest one.

3.2.3 Moraine thaw lake

In the end/lateral moraine ridge of glacier, there are usually many but small ponds (Figure 5),
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which are named as glacial thaw lake [T 9o TM. 4-3-2 band combination & F L JF
or moraine-dammed lake (Yi and Cui, -

1994; Wang et al., 2016). The princi-
pal agent controlling these lakes is
freeze-thaw process. For example,
dead ice within the moraine ridge
melts due to the temperature rising,

and then the surface sinks and forms
the depression retaining water. Al-
though these ponds do not receive
glacial meltwater but are formed by
the dead ice meltwater of glacier, they
can be classified as glacial lakes,
namely moraine thaw lake. It should
be pointed out that thaw lakes widely
distributed in rock glacier and frozen

5 Lateral moraine-dammed lake !

ground region do not belong to mo-
raine thaw lake, and they should be
eliminated in the inventory of glacial lakes.

Figure 4 Lateral moraine-dammed lake

3.3 Ice-blocked lake

Whether the glacier advanced and blocked the valley or the branch glacier rapidly retreated
and was separated from the main glacier, they all resulted in the water accumulation, and
then formed a lake. The common feature of these lakes is that their dams are composed of
glacier ice, so they can be named as ice-blocked lake. According to their forming mechanism,
ice-blocked lakes can be divided into advancing glacier-blocked lake and other gla-
cier-blocked lake. The representation of the former is Kyagar Thso Lake located in the
Yarkant River basin in China (Zhang et al., 1989; Wang et al., 2009). An example of the
latter is Merzbacher Lake near the South Inylchek Glacier in Kyrgyzstan (Liu ef al., 1998;
Shen et al., 2009). Other glacier-blocked lakes also exist in the interior of the Tibetan
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Figure 5 Moraine thaw lake (water body in blue-green color within the yellow-color polygon in (b)
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Figure 6 Ice-blocked lake over the Tibetan Plateau

Plateau (Figure 6), which has not been previously reported. For advancing glacier-blocked
lakes, they usually survived for a few months to one year affected by temperature increase in
low altitude and lake water erosion (Wang et al., 2009). For other glacier-blocked lakes,
their evolution presented different characteristics. For example, Merzbacher Lake outburst
floods mostly occurred in July — September and caused 50 GLOF events from 1932 to 1997
(Liu et al., 1998), showing a life cycle of glacier-blocked lake to some extent. But for gla-
cier-blocked lakes in the interior of the Tibetan Plateau, they are usually stable.

3.4 Supraglacial lake

Supraglacial lake refers to the water body on the surface of glacier due to different ablation.
These lakes usually appear on the surface of ablation zone of debris-covered glaciers. As
seen in Figure 7, there are many supraglacial lakes in Rongbuk Glacier on the northern
Mount Everest, the largest of which had an area of 0.47 km’ in 2016. In Tomur region of
Tianshan Mountains, there are also many supraglacial lakes in some debris-covered glaciers,
such as Tomur Glacier, Tugaibieliqi Glacier, Qong Terang Glacier, Koxkar Baxi Glacier, etc.
When supraglacial lakes are connected with the drainage system inside the glacier, the lake
water can be quickly exhausted. So supraglacial lakes change rapidly in annual and in-
ter-annual scales. In view of the spatial resolution of Landsat TM/ETM+/OLI remote sens-
ing images widely used, the quick variation of supraglacial lake, and being the origin of
moraine-dammed lake (Richardson and Reynolds, 2000), it is suggested that the supraglacial
lake with an area of above 0.02 km?” can be collected in the inventory of glacial lakes. The
main difference between supraglacial lake and moraine thaw lake is their locations: the for-
mer is located on the surface of glacier; the latter is located on the moraine ridge of glacier.

3.5 Subglacial lake

The water body within the glacier can be named as subglacial lake. It had been found that
there were more than 140 subglacial lakes under the Antartic ice sheet, the largest one was
the Vostok Lake (Wingham ef al., 2006). For alpine glaciers, lakes like subglacial lake had
not been reported until now. However, small supraglacial lakes possibly exist in the distribu-
tion region of maritime glaciers such as southeastern Tibetan Plateau, because the drainage
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channels under the glacier are well developed. It is impossible to identify subglacial lake
only relying on satellite remote sensing image, other instrument like ground penetrating ra-
dar (GPR) is needed. For building a complete classification system of glacial lake, subgla-
cial lake is listed, but it can be removed in the inventory of glacial lakes based on satellite
remote sensing images.

3.6 Other glacial lake

Except for 5 classes of glacial lake mentioned above, the water body formed by landslide,
rock collapse, avalanche and debris flow blocking the valley in the glaciation area is named
as other glacial lake. This kind of lake belongs to dammed lake and has a great potential
harm to the downstream settlements, roads, hydropower stations and other infrastructures.
Therefore, it should be taken into account in the inventory of glacial lakes. The first basis for
identifying the other glacial lake is its dam which can be examined from the high-resolution
remote sensing images. The second is that the appearance of the other glacial lake is usually
related to the earthquake, debris flow and other geologic activities, and there is an obvious
change of lake size around the time. For instance, the debris flow caused by Ranzeria Co
Lake outburst formed two glacial lakes in Jiali County (Sun et al., 2014). The quantitative
index of identifying the other glacial lake is suggested that the distance from the glacier ter-
minus is below 10 km (Wang et al., 2013; Zhang et al., 2015).

4 Conclusions

As an important object of the cryospheric science, glacial lakes are not only closely related
to the climate change and glacier movement, but also play a role on mountain disaster chain.
Therefore, glacial lakes had been paid more and more attentions by many scientists and
governments. In this paper, the definition of glacial lake was comprehensively discussed. It
was noted that the definition was based on two perspectives of glaciation and glacial melt-



YAO Xiaojun et al.: Definition and classification system of glacial lake for inventory and hazards study 203

water. But the fuzzy of spatial and temporal information made the poor operability in the
inventory of glacial lakes. In short, it is difficult to determine whether one lake is a glacial
lake or not. Theoretically, a glacial lake can be defined as the natural water body formed in
the depression by glaciation since the LGM. However, the controversy of glacial coverage
area in the LGM and researches’ knowledge deficiency of Quaternary glaciology also
caused difficulties of identifying glacial lakes based on theoretical concept of glacial lake.
On the consideration of the interest of glacial lakes’ studies, an alternative definition of gla-
cial lake was proposed, i.e. glacial lake could be defined as the natural water mainly sup-
plied by modern glacial meltwater or formed in glacier moraine’s depression. Meanwhile, a
complete classification system of glacial lake was proposed based on its formation mecha-
nism, topographic feature and geographical position. Glacial lakes were classified as 6
classes and 8 subclasses: glacial erosion lake (including cirque lake, glacial valley lake and
other glacial erosion lake), moraine-dammed lake (including end moraine-dammed lake,
lateral moraine-dammed lake and moraine thaw lake), ice-blocked lake (including advancing
glacier-blocked lake and other glacier-blocked lake), supraglacial lake, subglacial lake and
other glacial lake.

Although this paper attempted to provide the features or quantitative indices for identify-
ing different types of glacial lakes using satellite remote sensing images, and emphasized
that the existence of modern glaciers was the primary basis for distinguishing a glacial lake,
there were still some problems in the inventory of glacial lakes. When glaciers previously
existed in the First Chinese Glacier Inventory and there were glacial lakes in the downstream,
if these glaciers disappeared in the Second Chinese Glacier Inventory, did these lakes belong
to glacial lakes? So it is very important to ensure the consistency of subject. In addition, the
quantitative indices proposed for identifying some types of glacial lakes were derived from
the typical glacial lakes, and their representativeness needs to be further studied.
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