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Fig. 1 Monsoonal temperate glaciers located in the southeast Tibetan Plateau
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Table I Heat and water state near the EL A4 of some monsoonal temperuale glaciers
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Table 2 Area reduction in percentaege for differnet scale glaciers since the LIA
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Table 3 Estimated variation of monsoonal temperate glaciers in China since the LIA
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Fig. 3 Moraine distributed in the northern slopes
of the Mount Nanjiabarwa in the LIA
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Table 4 Predicted temperature rise and estimated shrinking trend of glaciers in China in the 21th century
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Response of Monsoonal Temperate Glaciers in China to Global

Warming Since the Little Ice Age

SU Zhen, SHI Ya—feng
(Cold and Arid Regions Environmental and Engineering Research Institute, CAS, Lanzhou Gansu 730000, China)

Abstract: The monsoonal glaciers with temperate
characteristics are mainly distributed over the
southeast part of the Tibetan Plateau, ie., the
Hengduan Mountains, the eastern section and south-
ern slopes of the Himalayas and the mid—eastern sec-
tions of the Nyaingentanglha Range. These glaciers
have an area of about 13 200 km“and about 22% of
the total glacier area of China at present. Summer
monsoon from Indian Ocean carries abundant precipi-
tation to these regions with an annual precipitation of
1 000~ 3 000 mm. The equilibrium line aiiitiide {FL 4)
of most glaciers reaches 4 200 m 1o £ 200 m a s, 1.,
which is about 800~ 1 200 m lower than that of polar
type glaciers in the western Tibetan Plateau. The annu-
al mean air temperature at the £LA is higher than —6
T ,with the mean air temperature during summer
(from June to August) ranging from | C to 5 C. The
ice temperature of all ice layers ranges between 0 C
and —4 C . and usually higher than —1 C. Therefore
ablation is intense. The ablation depth reaches 15.3 m
at the mid—section of the Ruogou Glacier and 9.36 m
in the Hailuogou Glacier. The ice movement mainly
belongs to basal sliding with a large velocity and a
high amplitude of fluctuations. The annual mean ve-
locity was recorded as 438 m * a”! at the Azha Gla-
cierand 533 m+ a~' at the Melang Glacier. These gla-
ciers are more sensitive to climate change, i. e. a small
rise in air temperature can result in a large shrinkage
in glacier area.

The Little Ice Age (LIA) is referred to a relatively
cold period from the 15th to 19th century around the
world. There were 3 colder phases in the LIA, which
resulted in many glaciers to advance, with clear end
moraine appeared at the end of glaciers. The 3 colder
phases can be distinguished according to ice core and
tree—ring records. The second colder event in the 17th

century was extreme, which was related to the mini-
mum solar irradiance known as Maunder Minimum
during 1645~ 1715, and induced that the second end
moraine usually overlapped on the first or the former
one. Variation of snowline of the monsoonal temper-
ate glaciers lead to speculate that the mean tempera-
ture from the 17th century to the 20th century was
about 0.8K (0.6~ 1.1 K) lower thar. now. Based on a
field surveying of 1139 glaciers, which were located in
representative regions with various sizes, accounting
for 12.2% o7 iotal amount of monsoonal temperate
giaciers in the southeast part of the Tibetan Plateau, it
was measured that the area of these glaciers was 1 862
km?, 14.1% of the total area. However an extension
statistics indicated that since the LIA, the reduction of
the total glacier area has been 3 921.2 km?, equivalent
to 30% of the glacier area at present, greater than that
of the sub—polar type glaciers and the polar type gla-
ciers in West China, 23% and 10%, but less than that
of the westerly temperate glaciers in the Alps, 50%.
According to the newest information of the
Intergovernmental Panel on Climatic Change (IPCC),
the average air temperature around the world in 2100
will be higher than that during the late 20th century,
with a 2.1 K rise in the monsoonal temperate glacier
area. Along with a warming, the area will largely
shrink in the monsoonal temperate glacier area, It is
predicted that the glacier area will be reduced 75% as
compared with the glaciers at present and will reach
about 9900 km’, But the shrinkage proportion will
not greater than 80%. This is enough to indicate that
the most monsoonal temperate glaciers will disappear.
The remained glacier area will occupy only 25% of
the glacier area at present, about 3 300 km?. It will br-
ing enormous infection to the water resources and en-
vironment in this area,

Key words: monsoonal temperate glacier; Little Ice Age; global warming



