WWF for a living planet®

An Overview of Glaciers, Glacier Retreat, and Subsequent Impacts
in
Nepal, India and China

WWF Nepal Program
March, 2005



Coordinated by:
Sandeep Chamling Rai
Climate Change Officer
WWEF Nepal Program.

Editorial support:

Trishna Gurung
Communications Officer
AREAS and Tiger Programmes
WWF International

This overview report is the product of a regional level project “Himalayan Glaciers and River Project”
initiated by WWF Nepal Program, WWF India and WWF China Program.

This report was compiled by Joe Thomas K and Sandeep Chamling Rai based on the following country
reports:

Nepal

‘Nepalese Glaciers, Glacier Retreat and its Impact to the Broader Perspective of Nepal’

Dr. Arun. B. Shrestha, Hydrologist-Engineers, Snow and Glaciers Hydrology Unit, Department of Hydrology and
Meteorology (DHM)/Ministry of Science and Technology, Kathmandu Nepal.

India

‘Status review of possible Impacts of Climate Change on Himalayan Glaciers, Glaciers retreat and its subsequent
impacts on fresh water regime’

Dr. Rajesh Kumar, HIGHICE-India Glacier Research group, SES, JNU, New Delhi

China

‘An Overview of Glaciers, Retreating Glaciers, and Their Impact in the Tibetan Plateau’

Yongping Shen, Cold and Arid Regions Environmental and Engineering Research Institute (CAREERI), Chinese
Academy of Sciences (CAS), Lanzhou 730000, China

© WWEF Nepal Program, 2005



FOREWORD

Climate change is real and happening now.

The planet is already experiencing its impacts on biodiversity, freshwater resources and local
livelihoods. Using current climate change trends, by 2100, the average global temperature may
rise by 1.4 — 5.8°C according to the Third Assessment Report from the Intergovernmental Panel
on Climate Change (IPCC, 2001). This is certain disaster for fragile ecosystems like glaciers.

Seventy percent of the worlds freshwater is frozen in glaciers. Glacier melt buffers other
ecosystems against climate variability. Very often it provides the only source of water for
humans and biodiversity during dry seasons. Freshwater is already a limited resource for much
of the planet, and in the next three decades, the population growth is likely to far exceed any
potential increase in available water.

The Himalayas have the largest concentration of glaciers outside the polar caps. With glacier
coverage of 33,000 km? the region is aptly called the “Water Tower of Asia” as it provides
around 8.6 X 10° m® of water annually (Dyurgerov and Maier, 1997). These Himalayan glaciers
feed seven of Asia’s great rivers: the Ganga, Indus, Brahmaputra, Salween, Mekong, Yangtze
and Huang Ho. It ensures a year round water supply to millions of people.

Climate change has impacted the glacial ecosystem tremendously. Sixty-seven percent of
glaciers are retreating at a startling rate in the Himalayas and the major causal factor has been
identified as climate change (Ageta and Kadota, 1992; Yamada et al., 1996; Fushinmi, 2000).
Glacial melt will affect freshwater flows with dramatic adverse effects on biodiversity, and
people and livelihoods, with a possible long-term implication on regional food security.

WWEF sees the impacts of climate change on glaciers and its subsequent impact on freshwater as
a major issue, not just in the national context but also at a regional, transboundary level. The
WWEF offices in Nepal, India and China are taking the initiative to develop a regional
collaboration to tackle climate change impacts in the glacial ecosystem and address adaptation
measures. This report is the outcome of a regional collaboration of the three countries, providing
an overview of climate impacts on glaciers with a focus on key areas that needs future
intervention.

We hope this will highlight the issue of climate change and galvanize policy makers to take

action to ensure a living planet for future generations.

Dr Chandra Prasad Gurung Ravi Singh Jim Harkness
Country Representative Secretary General and CEO Country Representative
WWF Nepal Program WWEF India WWEF China Program
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Mount Gongga (Tibetan: Minya Gongkar, 7,556 m) is the highest peak in the east part of the
Tibetan Plateau. Around the mount there are 74 glaciers, 255.10 km? in area with five of them
being over 10 km in length. The Hailuogou Glacier on the east slope of the mount is 13.1 km in
length and 25.7 km® in area, and rises to 2,980 m. It is the longest maritime glacier in the
Hengduan Mountains. The Yanzigou Glacier, nearby the Hailuogou Glacier, is 10.5 km in length
and 32.15 km?” in area, and rises to 3,680 m.

The Jade Dragon Snow Mountain (Yulong Xueshan, 27°10’- 40'N, 100°9’-20'E) with its
maritime temperate glaciers, represents the only one of its kind in the southern end of the
Northern Hemisphere. There are 19 glaciers with an area of 11.6 km? in the mountains, of which
Baishuihe Glacier No.1 is the largest one with an area of 1.53 km” and a length of 1.52 km.

Climate change and glacier retreat

Ice core records from the Dasuopu Glacier of the Himalayas, Tibet of China, indicate that the last
decade and last 50 years have been the warmest in 1,000 years (Thompson et al. 2000).
Meteorological records for the Tibetan Plateau show that annual temperatures increased 0.16°C
per decade and winter temperatures increased 0.32°C per decade from 1955 to 1996.

In the source regions of the Yangtze and Yellow Rivers, climate change in the last 40 years show
the trend of both temperature and precipitation rises. The decadal mean temperature in the 1980s
was higher than that in the 1950s by 0.12 °C to 0.9 °C, and by 0.3 °C in most parts of the study
area. Contrasting to the mean temperature increasing in the whole of China (0.2 °C), these
regions have the highest temperature rise at an average of 0.44°C (Wang Genxu et al. 2002).

The climate in the Tibetan Plateau glaciered areas became warmer and more humid during the
last few decades, especially since 1980s. Over the past 60 to 100 years, glaciers worldwide have
been retreating. Mountain glaciers in the Tibetan Plateau, which are typically smaller and less
stable to begin with, seem particularly susceptible to glacial retreat. The disappearance of
mountain glaciers of the Tibetan Plateau is already affecting the supply of water to downstream
natural and manmade systems (Yao Tandong et al. 2004).

Yurunkax River of the West Kunlun Mountains

The Yurunkax River Basin is located on the northern slope of West Kunlun Mountains and on
the southern margin of the Tarim basin. There are 1,331 glaciers with an area of 2,958.31 km?,
and an ice volume of 410.3246 km’. Shangguan Donghui et al (2004) investigated the changes of
glaciers at the head of Yurunkax River (centered at 35°40'N, 81°E) by using aerial photos
(1970), Landsat TM (1989) and ETM"(2001) images. A comparative analysis performed for
glacier length/area variations since 1970 shows that the prevailing characteristic of glacier
variation is ice wastage, however, changes in glacier area is very small in this region.

Results indicate that a small enlargement of ice extent during 1970-1989 was followed by a
reduction of over 0.5 percent during 1989-2002. The later shrinkage is attributed to the glacier
response to the air temperature rise in region. It concludes that the decreases in air temperature
and precipitation in the 1960s might have caused the enlargement of glaciers during 1970-1989.
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The glacier shrinkage during 1989-2001 might be glacier reaction to increases in air temperature
and precipitation. The results suggest that the rate of retreat has been increasing since 1989.

Qilian Mountains

Various measurement data obtained in the east, middle and west parts of the Qilian Mountains in
the 1970s and mid-1980s showed that the glaciers retreated slower in mid-1980s than in the mid-
1970s, while the glaciers in the east part of the Qilian Mountains were still in retreat (table 9)

(Liu Chaohai et al. 1999) .

Table 9: Recent variations in the Qilian Mountains (After Liu Chaohai et al. 1999)

Glacier Length/ km | Area/ km’ Duration Terminal retreating/ m
Shuiguanhe 71 1.86 1956-1976 -320.0
Glacier No.4 ' ' 1976-1984 -69.7
. . 1956-1975 -40.0
July First Glacier | 3.8 3.04 1975.1984 100
Laohugou 1962-1976 -71.08
Glacier No.12 10.0 21.91 1976-1985 -11.7

Liu Shiyin et al. (2002) performed a comparative analysis for glacier area variations since the
maximum of the LIA (Little Ice Age) in the western Qilian Mountains, northwest China. The
glacial extent in the LIA maximum and also in 1956 was derived from air photos and relevant
photogrammetric maps. In the 1990s this data was extracted from Landsat TM image and
geometrically corrected by co-registering with the above-mentioned maps. The results indicate
that total glacier area in four larger river basins was on average 16.9 percent bigger than that in
1956.

The satellite image of 1990 in the north part range (Daxueshan Mountains) of the western Qilian
Mountains demonstrated a glacial area decrease by 4.8 percent compared with the glacial area in
1956. They found that glacial area has a close relationship with ice volume, or the length of
individual glaciers. With these relations, they calculated the volume and length changes during
the LIA and 1956, and 1956 and 1990. It shows that ice volume and glacier length changes are
about 14.1 percent and 11.5 percent of their amounts in 1956 during LIA (Little Ice Age) and
1956. The result of Daxueshan Mountains during 1956 and 1990 was extended to the western
part of Qilian Mountains by using the derived relations. The results show that glacier area and
volume have all decreased by 10.3 percent and 9.3 percent during this period. The period from
1956 to 1990 saw a much stronger recession of glaciers, and rivers in the region received an
extra glacial runoff of about 50x10® cubic meters.
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Table 10: Glacier variations in the western Qilian Mountains during 1956-1990 (Liu Shiyin et al. 2002)

Area Variation | Variation | Ice Yar1at10n Variation in
Rivers Glaciers in area in percent | Volume mn percent
/km® | /km? 1% fkmd | Yolume o,
/ km
Beidahe 650 290.8 41.6 14.3 10.4 1.5 14.0
Sulehe 639 589.6 49.6 8.4 33.3 2.4 7.1
Danghe 336 259.7 25.0 9.6 12.4 1.1 8.9
Hara Lake | 106 89.3 8.0 8.9 5.0 0.4 7.3
Sum 1731 12294 | 124.2 10.3 61.1 5.4 9.3

Pu Jianchen et al. (2004) offered new information on glacier mass balance in the Qilian
Mountains in July 2004. Mass balances of the glaciers were -810mm and -316mm in 2001/2002
and 2002/2003 balance year, respectively. The results show heavy melting and dramatic thinning
during 2001-2003 in comparison with the last 40 years. The glacier experienced a strong positive
mass balance of about 360 mm per year in the 1970s and 4 mm per year in the 1980s. This
change depicts how glaciers are very sensitive to global warming.

Ice Caps in the Qangtang Inland

The Qangtang is situated in the area between the Kunlun, Tanggulha, Gangdise and
Nyaingéntanglha mountains; it covers two-thirds of the total area of Tibet. It is more than 4,500
meters above sea level on average. In the Mt. Xin Qingfeng region, the middle Kunlun
Mountains of the Northern Qangtang, there are 46 glaciers around the main peak, an ice cape,
distributed with a total area of 420 square kilometres. Li Zhen et al. (1999) carried out the glacier
change analysis for this region with the support of GIS software by making the glacier
distribution maps of five images from 1974,1976,1979,1987 and 1994.

Comparative analysis for the data show that the Xingingfeng Glacier have retreated a total length
of 918 m in 1976-1987, whereas another glacier, West Xinqingfeng Glacier advanced 640 m in
the period. In the period of 1987-1994, the Xinqgingfeng Glacier was retreating up to 347 m; at
the same time West Xinqingfeng Glacier advanced a distance of 733 m, a rate of 105 m/year.
However, a retreating tendency has been seen since 1994 in West Xingingfeng Glacier (Liu
Shiyin et al. 2004). The Xingingfeng Ice Cap has shown a retreating trend since 1979, with
accelerated glacier and ice-field melt since 1994 in the region (Liu Shiyin et al. 2004).

Malan Glacier is a large extreme continental glacier, with a total area of 195 km® in Hoh Xil
region at the center of the Tibetan Plateau. The altitude of snowline varies from 5,430 to 5,540m.
The three LIA (Little Ice Age) moraines can be found in most glacier tongues. The moraine
indicates the retreating of glacier from the LIA. The glacier tongues are 20 m lower in the
southern slope and 20-40 m lower in the northern slope in the LIA than at present. The lost
glacial area since LIA accounts for 4.6 percent of the present glacial area, and nearly 8 percent of
the total lost glacial area in Qangtang region since the LIA. The glacier has retreated 45-60 m
over the past 100 years. In the past 30 years from 1970, the Malan Glacier retreated 30-50 m,
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with a rate of 1-1.7 m/year. Though the retreating is less pronounced compared to the
surrounding area of the plateau, the retreat rate is increasing, which might have a significant
effect on the weak ecosystem in the plateau (Pu Jianchen et al. 2003).

Puruogangri Ice Field in the Middle Tibetan Plateau

Figure 28: The Puruogangri Ice Field in the Northern Tibetan Plateau.

Puruogangri Ice Field composed of several ice caps with an area of about 422.58 km’and a
volume of 52.5153 km’, ranging from 5,620 to 5,860 m, is the largest in the Northern Tibet
Plateau (Yao Tandong 2000).

More than 50 ice tongues with different lengths extend around to wide and shallow valleys, of
which the longest has a wide terminus reaching the foothill. In the area with lower tongues, there
are many ice pyramids, mainly in an initial stage and with connected bases. Since the LIA, the
ice field has tended to retreat. There are three moraines around the tongues in the north and
southeast. They belong to three cold periods when glaciers advanced. At those times, fewer
advances presented in the west.

From the LIA to the present, glacier area decreases run up to 24.20 km” - 5.7 percent of the
original area, equivalent to 3.6583 km’ of ice loss. In the west, the glacier retreated by 20 m from
post-LIA to the 1970s, and 40-50 m from the 1970s to the end of the 1990s, an average of 1.5-
1.9 m/year. It retreated 4-5 m from September 1999 to October 2000, showing intensified
retreating (Pu Jianchen et al. 2002). However, the Puruogangri Ice Field is relatively stable as
compared to other glaciers.

Lu Anxin (2003) analyzed glacier variations of the Puruogangri Ice Field during the Little Ice

Age maximum, 1974 and 2000, supported by GIS, aerial photos, satellite images, topographical
maps and the digital elevation model (DEM). The dynamic monitoring results show that the
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areas of the glacier had decreased remarkably, which in fact matches with the increasing air
temperature.

Bujiagangri in the East Tanggulha Mountains

The Bujiagangri, with the highest peak of 6,328 m, is located in the East Tanggulha Mountains.
There are 124 existing glaciers, covering area of 184.28 km® and an ice volume of 16.6697 km’.
Wang Ninglian et al. (2004) analyzed the new data of the variations of the glaciers in
Bujiagangri in the East Tanggulha Mountains since the Little Ice Age and found that the area and
volume of the glaciers during the maximum of the LIA, the 15 century were 241.46 km? and
19.6282 km®, respectively in this region. This indicates that the glacier area and volume
decreased by 23.7 percent and 15.1 percent respectively Since the LIA, 184 glaciers with a
length of about 0.6 km have melted.

The absolute variations in area and volume of each glacier since the LIA increased with its size,
while the relative variations decreased. The mean area shrinkage, the mean retreat amount and
the mean terminus height-rise amount of the glaciers on the south slope were larger than that of
the glaciers on the north slope. This implied that the glaciers on the south slope were more
sensitive to climatic change than that on the north slope. Since the LIA, the snow line in this
region has risen about 90 m, equivalent to temperature rise about 0.6 °C.

Source Region of the Yangtze River

Wang Genxu et al. (2004), based on land ecological classification of the source regions of the
Yangtze and Yellow Rivers and field investigation, compared two phases of TM remote sensing
data obtained in 1986 and 2000. From spatial variations and type transformation trends, the
spatial changes and evolution patterns of land ecosystem in the source regions of the two rivers
were analyzed using the analytical method of landscape ecological spatial patterns.

Results show glaciers and firns in the headwaters region used to cover an area of 1369.86 km”.
They mainly occur in the source region of the Yangtze River, accounting for 92.46 percent of all
cover. Comparative analysis of the remotely sensed satellite data obtained in 1986 and 2000
showed that glaciers and firns in the headwaters region are retreating. In the Yangtze River
source region, the glaciated area has decreased from 899.13 km? in 1986 to 884.4 km?in 2000 or
14.91 km” in 15 years.

From these figures it can be seen that glaciers in the Yangtze River source region have a
relatively small recession rate, approximately 1.7 percent. Lu Anxin et al. (2002) surveyed
glacier change of the Mt. Geladandong, the source of Yangtze River, supported by remote
sensing techniques and GIS, and by applying aerial photos, satellite imagery, topographical and
the derived digital elevation model (DEM) in the area. Glacier variations during the LIA
maximum, 1969 and 2000 were analyzed. The results indicate that the glaciers’ area had
decreased about 5.2 percent from the time of LIA maximum to 1969 and the glaciers’ area had
decreased about 1.7 percent from the time of 1969 to 2000 (see tables below). The number of
glacier change shows the glaciers were almost steady in the area. The number of retreating
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glaciers is more than the advancing ones, and there are an increasing number of retreating
glaciers since 1994, resulting from the rising temperatures.

Tablell: Glacier area change in the source of the Yangtze River (after Anxin Lu et al. 2002)

Period Area | km’ Variation in area/ | Variation in percent /
km® percent

11\/;a6x9 LIA zggﬁ -49.27 -5.2 percent

2000 884.4 -14.91 -1.7 percent

Table 12: Glacier length change in the source of the Yangtze River (after Anxin Lu et al. 2002)

Glacier Length /| Variation in | Annual variation | Variation  in
m 1969-2000 /m | (m/a) percent

South JiangdiguruGL | 12400 -1288 -41.5 m/a -10.39

5SK451F12GL 5400 +680 +21.9m/a +12.59

Northern Slope of the Tanggula Mountains

A sub-polar glacier, the Tanggula Glacier, has been studied since 1989. A lot of push moraines
in front of the terminus were found in 1989. These moraines were separating or had already
separated from the glacial terminus. A push moraine is an indicator of glacial advancing and its
presence in front of the terminus implies that the Tanggula Glacier had indeed advanced for
some time but the separation of the push moraines from the terminus indicates that the glacier
had retreated now. It was found that 10 years before the retreat many glaciers on the Tibetan
Plateau were advancing due to an impact of a short cooling from the late 1960s to the early
1970s. The separation of the push moraines from the terminus is a consequence of climate
warming since 1970s (Yao Tandong et al. 1996). Most glaciers in the northern slope of the
Tanggula Mountains have retreated since 1994 (Pu Jianchen et al. 2002).

Monsoonal temperate glacier region

The monsoonal temperate-glaciers in China are located in the region of the southeastern Tibet
Plateau, including the Hengduan Mountains, the eastern part of the Himalayan Mountains, and
the middle and eastern segments of the Nianqgingtanggula Range, in the provinces of Tibet,
Yunnan and Sichuan, southwestern China.

According to the Chinese glacier inventory, there are 8,607 monsoonal temperate-glaciers in
China, covering an area of 13,203 km®. This is equal to 18.6 percent of the total glaciers and 22.2
percent of the total glacier area. Since the Little Ice Age, the total glacier area in the region has
reduced on average by 30 percent, about 3,921 km’. The rates of decrease (of glaciers of
different sizes) differ: the smaller the glaciers, the larger their rate of decrease, the larger the
glaciers, the lower their rate of decrease (Shu and Shi 2000).
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There are regional differences of glacier change (He et al. 2000; Zheng et al. 1999). For
instance, the Baishui Glacier No.1 on Mount Yulong, the southernmost glacier of Eurasia, with a
small area, is most sensitive to climate, and its area has decreased by 60 percent from the LIA to
the present. However, the mean rate of decrease of some large valley glaciers on Mount Gongga
between the Little Ice Age and the present has been only 27 percent. It is clear that the time and
amplitude of the variations of these glaciers differed because of their different geographical
locations, scales and sensitivities to climate.

Thus, the Baishui Glacier No.1 retreated about 1,250 m during the many decades of the Little Ice
Age, and it has retreated again since the 1980s (see Table 10), with an accelerated speed of
retreat within the last few years ( He Yuanqing et al. 2003). The glacier retreated about 40 m
from 1998 to 2002, reflecting rapid climatic warming. The Hailuogou Glacier and the Azha
Glacier, with locations to the north and west, also have retreated very quickly since the 1980s.
Although the Melang Glacier on Mt. Mainri is advancing, its velocity has been gradually
decreasing since 1990s (Zheng 1999), indicating that the glacier has responded to post-1980s
climatic warming.
Table 13: Variation of some typical glaciers in the Chinese monsoonal temperate glacier region since the Little

Ice Age (He Yuanging et al. 2003)
Glacier Baishui No.1, Mount. Yulong (area: 1.7 km?, length: 2.5 km)

Period End Altitude/m Change/m

17"-19" century (LIA) 3,800 advance

19" century -1957 4,353 (1957) -1 250

1957 — 1982 4,100 (1982) + 800

1982 — 2002 4,250 (2001) - 150
Glacier Melang, Mount Mainri (area: 13 km? length: 11.7 km)

Period End Altitude/m Change/m

1932 — 1959 2,100 -2 000

1959 - 1971 2,740 (1971) +800

1971 — 1982 2,700 (1982) +70

1982 — 1998 2,660 (1998) +30
Glacier Hailuogou, Mount Gongga (area: 23.7 km?, length: 13.6 km)

Period End Altitude/m Change/m

Early 20" century - 1930 2,850 (1930) + or -

1930 — 1966 2,880 - 2,900 (1996) -1150

1966 — 1981 2,920 (1982) -177.8

1981 — 1989 2,940 (1989) -170

1990 — 1998 2,980 (1994) -200
Glacier Azha, Southeastern Tibet (area: 29.5 km? length: 20 km)

Period End Altitude/m Change (m)

1920 — 1930 2,000 Advance

1933 - 1973 2,400 (1973) -700

1973 -1976 2,600 (1976) -200

1976 -1980 2,700 (1980) -100

1980 — 1998 2,950 (1998) -420
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The Nyaingentanglha Mountains of the Southeast Tibet

The Zepu Glacier located in the Nyaingentanglha Mountains of the Southeast Tibet is a typical
maritime temperate glacier. The glacier was covered with very thin debris at the terminus in the
1970s, but there was no vegetation on the debris. In 1989, Yao Tandong and others found that
the debris at the terminus had become thicker and its surface was covered with vegetation. The
appearance of vegetation implies that the debris had become thicker and more stable in the
terminus, resulting from glacial retreat. This phenomenon, therefore, indicates a retreating trend
in the Zepu Glacier since the 1970s (Yao Tandong et al. 1996).

The Himalayas

Jin Rui et al. (2004) studied glacier change responding to climate warming. The Pumqu basin
located in Tibet was selected as the test area. The general trend of glacier change in the recent 20
years was analyzed and computed, supported by GIS. The results show that the total glacier area
in Pumqu basin has decreased by 9 percent and the ice reserve has reduced by 8.4 percent, which
also confirms that small glaciers are more sensitive to climate change.

Shi Changan and Liu Jiyuan (1992) studied the changes of the Karila Glacier and Qiangyong
Glacier in central and southern Tibet, at the northern foot of the Himalayas, to the southwest side
of Yangzhouyong Lake. The glacier change analysis for this region was carried out with GIS
software by making glacier distribution maps of two maps edited from ground close-shot
photogrammetery data of the Karila glacier in 1979 and Karila Landsat TM images in 1989.
Comparative analysis for the data revealed that the major glacial bodies in the study area had no
marked advance and recession coverage changes were quite unbalanced—it had disappeared in
some place and grown in others—but receded ice-snow coverage is more than advanced. For
instance, in the Karila Glacier in the northern region, the western ice-snow cover has made great
recession while the eastern cover is marked with advances. The middle part of Qiang Yong
Glacier located in south of the region has been prolonged greatly.

It must be noticed that these changes did not take place on the major body of Karila and Qiang
Yong glaciers. The final comparison of the glacial coverage is that they are in a receded state.
From 1979 to 1988, total ice-snow area of the region shrank by 11.1 percent.

Gangrigabu Mountains

Liu Shiyin et al. (2005) studied temperate glaciers in the Gangrigabu Mountains (28°30'-30°00'N
and 96°00'-97°00'E), Southeast Tibetan Plateau, mainly influenced by the Indian Monsoon, to
examine the present status of glaciers under this warming background. It was concluded that the
measured 102 glaciers in the region have all in retreat from 1920s to 1980 with a total area and
ice volumetric decreases of 47.9km” and 6.95km’. It is estimated that all glaciers in the research
area might have lost 13.8% of their total area and 9.8% of the total ice volume during the same
period. After 1980, glaciers in the region have also experienced in general the ice mass wasting
processes, based on data of 88 glaciers with a total area of 797.78 km”. About 60% of these
glaciers were losing their ice mass and other glaciers were in the advance state. Analysis
indicates that glacier retreat has exerted significant influence on glacial meltwater runoff, which
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might accounted for 50% runoff decrease during 1915 and 1980. Glacier wastage and climatic
warming trend during the last the century, esp. during the past two decade, lead us conclude that
mass wasting of glaciers in the region will be possibly in an accelerating state in the coming
future.

The A’nyémaqgén Mountains in sources of the Yellow River

The A’nyémagén Mountains, the eastern part of the Kunlun Mountains, are situated in the
northeastern part of the Tibetan Plateau within the block of 34°20'-35°N and 99°10’-100°E. The
highest peak in the range is 6,282 m above sea level, where glaciers are mostly concentrated
among the mountain ranges in the eastern Kunlun Mountains. There are 57 glaciers with a total
area of about 125 km®, with three larger glaciers over 10 km” in area and about 7-10 km in
length. The glacial meltwater flows into the Yellow River. Glacier variations are of particular
significance considering meltwater influence on the river discharge and extracting characteristics
of glacier fluctuations in the east of the Tibetan Plateau (Liu Shiyin et al. 2003).
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Figure 29: Boundaries of glaciers change in the A’nyémagén Mountains

Wang Wenying (1987) measured the change of glaciers in the A’nyémagén Mountains in 1981
through the Sino-German Joint Expedition to the Tibetan Plateau. His research covered 38
glaciers in the area. The results show that there are 16 advancing glaciers with advancing
distances of 50-70m, 22 stable glaciers and only two retreating glaciers with retreating distance
of 150-220 m during 1966-1981. Liu Shiyin et al. (2003) analyzed glacier variations during the
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Last Glacial Maximum (LGM), the LIA maximum, and between 1966 and 2000 by applying
aerial photos, satellite imagery, topographical maps and the derived digital elevation model
(DEM) in the A’nyémaqén Mountains, the source region of the Yellow River. Glacier area
decreased during the past decades in the A’nyémagén Mountains shows much stronger trend
than that found on other modern glaciers in northwestern China.

The results indicate that glaciers in the Last Glacial Maximum covered 3.1 times of the present
glacier area in this region. Since the LIA maximum, glaciers in this region have experienced
obvious shrinkage with accelerated reduction in area and length occurring in 1966 to 2000. The
largest length retreat occurred on the Yehelong Glacier. It had a length reduction of 1,950 m
between 1966-2000 accounting for 23.2 percent of its length in 1966. The second largest length
reduction was seen on Glacier 5J352E20, which reduced 43 percent of the length recorded in
1966. Although the absolute length reductions of small glaciers are smaller than larger glaciers in
the region, their proportions of length reduction are commonly higher than larger glaciers. For
example, the length of Glacier 5J352E13 decreased by 76.6 percent from its original length of
900 m in 1966. Taking consideration of each basin in the area, it shows that glacier length in the
basin 5J351D had decreased by 20 percent on average and in 5J352E the average was 27 percent
from the 1966 values, respectively.

Taking the midpoint of 1622-1740 as the date of LIA maximum, Liu Shiyin et al. (2003) found
that glaciers in this region had seen much accelerated retreat during the past 34 years. The yearly
rate of glacier length reduction was found to be more than nine times of relevant rate during the
LIA maximum and 1966. This implies that glaciers will continuously shrink under a rapid

warming trend as predicted by miscellaneous research results and the summarization of IPCC
(2001).

Yao Tandong et al. (2004) summed up systemically the research results of glacier change in
China. Yao’s research revealed a trend of glaciers retreating from global warming since the
beginning of the 20" century (see Table 14). The glacier change can be divided into the
following stages for the past century:

(1)The first half period of the 20" century is an advancing or advancing turning to retreating
stage;

(2) A large scale retreating took place in the 1950s-1960s;

(3) In the end of 1960s to 1970s, glaciers were advancing or slowing down the retreating process.
Many glaciers were advancing and showing advancing signs, such as positive mass balance and
snowline altitude downing. However, advancing glaciers are more fractions than the retreating
ones;

(4) Since the 1980s, glacier shrinking is more serious with strong retreating since 1990s. All
glaciers turned to shrinking status except for some large glaciers in the Tibetan Plateau.

The overall trend of the glaciers in this area is retreating. Before the 20™ century, the only
scientific method to indicate the state of glaciers was through observation. Although not perfect
and exact, it is still a reliable method. Observation showed that glaciers have shrunk significantly
since the end of the Little Ice Age.
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Table 14. Advancing or retreating of glaciers in the High Asia for varying periods (After Yao Tandong et al,

2004)
. Total statistical | Retreating Advancing Stationary
Period . . . .
glaciers glaciers /percent | glaciers /percent | glaciers /percent

1950-1970 116 53.44 30.17 16.37
1970-1980 224 44.2 26.3 29.5

1980-1990 612 90 10 0

1990 to Present | 612 95 5 0

Loss in glacier volume on a global scale started in the middle of the 19" century and continued
in several stages of ever-increasing rates, interrupted by short intervals of stagnation or growth.
The acceleration of glacier wastage is not inherited from previous epochs. Also, glacier changes
show much spatial variability. The stronger shrunk of the glaciers reveal in the Karakorum and
southeast Tibet. Though there is weaker and lesser shrinking in the central Tibetan Plateau and
surrounding mountains, amplitude of glacier retreating have an increasing trend from the inland
of the Tibetan Plateau to the margin mountains. Thus, glacier retreating demonstrates different
trends of volume change in different geographical locations resulting from global warming in
different location in the Tibetan Plateau. In China, glaciers have shrunk an average of 6.3 percent
over the past 40 years (Yao Tandong et al. 2004). In the entire Tibetan Plateau, over the past 40
years, glaciers have shrunk more than 6,606 km?, with the greatest retreat occurring since the
mid 1980s.

Impacts of glacier retreat on the Tibetan Plateau
Effect on water resources

In certain parts of the Tibetan Plateau, glaciers play a key role in supplying communities with
water for irrigation, drinking, and hydro-electric power. The runoff they provide is also essential
for maintaining river and riparian habitats. There is growing concern about the impact that
changes in glaciers may have on water resources in the riverhead regions. In the Baspa Glacier
basin, the winter stream flow increased 75 percent since 1966, and local winter temperatures
have warmed, which suggests that glaciers will continue to melt in future winters (Kulkarn et al
2004).

Shi Yafeng (2001) predicts that by year 2050 the temperature of the Qinghai-Tibet Plateau will
rise by 2.5°C. Perhaps more likely is that by 2050 the summer temperature, which causes intense
ablation of glaciers, will rise by 1.4°C. As a result, the altitude of equilibrium will rise by over
100 m; the ice ablation in the tongue zone will exceed the ice amount moved from the
accumulation zone; and glaciers will become thinner and retreat. In the early stages glacial
thinning prevails and meltwater increases. In the later stages glacial area largely shrinks,
meltwater decreases and glaciers disappear.

The effects of glacier shrinkage on water resources before 2050 were examined for several
regions, using the statistical data of China’s glacier inventory. In some regions, such as Hexi at
the north piedmont of the Qilian Mountains, most of the single glaciers have an area less than
2 km® making them the most sensitive to climate warming, and hence the most likely to melt
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rapidly. The volume of meltwater will peak at the beginning of this century. The impact of
meltwater runoff on different rivers is estimated to be 10°to10 cubic meters’ per year. In some
river basins, such as the Shule River in the Qilian Mountains, glacial meltwater can account for
one-third or more of total river runoff. It is predicted that the meltwater volume of several
medium-sized glaciers of 5-30 km® will increase by 10® cubic meters per year, peaking at mid-
century. For example, glacial meltwater currently occupies 50 to 80 percent of the total discharge
of the Yarkant River and Yurunkax River. It is predicted that glacier meltwater volume will
increase by 25 to 50 percent by 2050, and the annual discharge of seven major rivers of the
Tarim Basin will increase to 10°® cubic meters per year.

Inland watersheds in the Qaidam Basin and the Qinghai-Tibet Plateau are dominated by extreme
continental-type glaciers that have lower temperatures and retreat slowly. Temperature rises and
increases in meltwater during the first half of this century are favorable to the development of
animal husbandry and economic growth. However, in the maritime type glacier regions of
southeast Qinghai-Tibet Plateau and the Hengduan Mountains, precipitation is heavy and ice
temperatures are high. A temperature rise here will exacerbate the ablation of retreat of glaciers,
perhaps causing frequent flooding and debris flow disasters.

Xie Zichu et al. (2001) studied glaciers in the basins of the rivers Ganga, Yarlung Zangbo and
Indus, which together occupy one-third of the total glacier area in China, and cover an area of
19,500 square kilometers. Functional models of the variable glacial systems were established,
and applied to the response of glacial runoff to climatic changes. The models simultaneously
considered the effect of decreasing air temperatures, caused by rising ELA, and the reduction of
a glacier’s area. Under climatic conditions of increasing rates of 0.01, 0.03 and 0.05 km
annually, the modeling results indicate that the glacial runoff fed by the marine-type glaciers
with high levels of mass balance are sensitive to climatic change, and take 10 - 30 years to reach
a climax. The glaciers then go back to an initial state in less than 100 years. However, the
discharge-increasing rate of glacial runoff is small. During a peak period, the discharge-
increasing rate ranged between 1.02 and 1.15. In contrast, the glacial streams of continental-type
glaciers, which have more rapidly decreasing rates of glacial area and storage, longer life-spans
and lower levels of mass balance, respond slowly to climatic variations. They take over 100
years to climax, and hundreds of years to return to their initial state. At the similar levels of mass
balance, smaller glaciers respond more quickly to climate change and retreat more quickly than
large glaciers. Glacial systems with very large elevation differences have the longest life span.
The age of the Rongbuk Glacier on the northern side of the Himalayas, at a temperature-
increasing rate of 0.01 km / year, can reach over 1,800 years.

Glacier lake outburst floods

Glacial lake outburst floods (GLOF) are a common hazard in the high mountains of China.
Glacial lakes that pose this type of danger are formed when water from the ice melt of a
retreating glacier is retained by the glacier’s terminal moraine. Eventually, either the volume of
water becomes too great for the moraine to support or an event such as a large ice block
detachment occurs and the moraine is breached. The resulting flood can cause devastating
damage to property and infrastructure and frequently results in loss of life. A GLOF in China in
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1964 destroyed crucial sections of a major highway and washed away 12 timber trucks 71 km
from the scene.

In Tibet, the floods that struck one of the major barley producing areas of the Tibetan Plateau in
August 2000 were the worst in living memory in the region. Financial losses were estimated at
USD 75 million with more than 10,000 homes, 98 bridges and dykes destroyed. The loss of grain
and livestock too had a great impact on the farming communities who faced food shortages that
year.

Glacial debris flow hazards

During the night of 29 July 1983, the glacier thawing water in Peilong stream, a tributary in the
upstream of Parlung Zangbo River, combined with ceaseless rains, resulted in large-scale glacier
mud-rock flow in Peilong. Mingling with ice blocks, giant rocks and clay, it flew down and
formed a giant piled fan. The quantity of the mud-rock flow was as much as 1 million m>. A 32
m concrete bridge and the Sichuan-Tibet highway was damaged. The economic loss was
estimated at over half a million Yuan. It has occurred several times since then causing loss of
lives and property.

Variation in distribution of ecological systems in source regions of the
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Over the past 15 years (1986-2000), several changes in the source regions of the Yangtze and
Yellow Rivers have manifested:

1) Areas of middle and high-cover high-cold grassland and high-cover high-cold meadow have
decreased by 15.82 percent and 5.15 percent, respectively. The degradation degree of high-cover
grassland is significantly higher in the Yellow River source region than in Yangtze River. The
area of high-cold swamp meadow decreased sharply by 24.36 percent, mainly occurring in the
Yangtze River source region (the largest degraded ecological type).

2) Lake water body area shrank by 7.5 percent, mainly occurring in the Yangtze River source
region. Lake shrinkage in the Yangtze River source region was dominated by interior lakes and
occupied 60 percent of the total shrinkage area of lakes. In the Yellow River source region the
decreased area of exterior lakes occupied 71.15 percent of the total shrinkage area of lakes, and
thus led to the inflow of many exterior lakes. River water body also decreased significantly, by
3.23 percent. Unlike lakes, 92 percent of the decrease in river water body area occurred in the
Yellow River source region, a fact related to the inflow of exterior lakes and the formation of
several wadis.

3) Land desertification, salinization and bare land developed at an average rate of 0.5 percent or
faster. Desertified land expanded by 17.11 percent. In the Yellow River source region it
increased by 25.65 percent, corresponding to an annual expansion rate of 1.83 percent, putting it
in the severely desertified region category. Grassland degradation intensity is significantly higher
in the Yellow River source region than in the Yangtze River source region due mainly to human
activities.

Viewed from the features of eco-environmental change, and reflected by the spatial patterns of
ecological land types in the headwaters region and by grazing activity in the Yellow River source
region, climate change is a main factor affecting the eco-environmental changes in the
headwaters region.

Lake area and river stream flow

The lakes of the headwaters region mainly occur in the Yellow River source region, accounting
for 60.3 percent of the total area of the lakes in the headwaters region. However, river area is
larger in the Yangtze River’s source region than in the Yellow River’s source region. Over the
past 15 years, river and lake areas have been shrinking. The lake area shrank by 196.54 km?,
accounting for 7.5 percent of total lake area. Lake shrinkage mainly occurred in the Yangtze
River source region, a total decrease of 114.81 km?, accounting for 10.64 percent of the total lake
area in the Yangtze River source region and for 58.4 percent of the total decreased area in the
combined headwaters region. In the Yellow River’s source region lake area decreased by 5.28
percent. Of the decreased lake area, the shrinkage of interior lakes occupied 66.38 percent, of
which 91.62 percent occurred in the Yangtze River source region.
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changes of river runoff, as shown in the figure above. Since the early 1980s, the runoff measured
at representative hydrological stations in the Yellow River source region has decreased. From
1995 onwards, a low discharge has been showing: a decrease of 19.3 percent compared to the
discharge in the early 1980s. The Yellow River has run dry each year with the dry period
becoming progressively longer. In 1996 it was dry for 133 days and in 1997, a year exacerbated
by drought, it failed to reach the sea for 226 days and its 1998 annual dry period was 137 days.

As described above, the glaciers in the headwaters region have been retreating continuously
since the 1980s, the recession rate of those in the Yellow River source region being larger than
those of the Tianshan and Qilian Mountain regions. The glaciers in the Yangtze River source
region, in comparison, are retreating at a relatively slow rate (Liu et al. 2002). Then again, the
distribution changes of hard-to-use land types directly reflect on the eco-environmental regime
and evolutional trend implying serious land degradation. All the hard-to-use land types in the
headwaters region increased in various degrees over the past 15 years especially land
desertification that expanded at an annual expansion rate of 1.22 percent, significantly higher
than that in the Hexi corridor (Wang et al. 2000).

Saline-alkali soils mainly occurred in the Yangtze River source region occupying 91.14 percent
of its total area in the headwaters region though its increase rate was much higher in the Yellow
River source region. In total, saline-alkali land area increased by 10 km? in the headwaters
region, an increase of 6.85 percent. The bare rock, bare soil and shoal land with a cover less than
5 percent is second only to the high-cold grassland and the high-cold meadow. Over the past 15
years, their area increased by 7.46 percent, and even in the Yangtze River source region this type
increased by 9.2 percent. Thus, over the last 15 years, hard-to-use land types in the headwaters
region have developed rapidly. On an average, the expansion rate of desertification, salinization
and bare land has reached 0.5 percent or more. Serious desertification and salinization mainly
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occurred in the Yellow River source region, while bare land expansion mainly occurred in the
Yangtze River source region.

It is true that there are still many problems in Tibet’s ecological improvement and environmental
protection efforts. As the whole global ecosystem is deteriorating, the fragile ecology in Tibet is
particularly affected. Mud-rock flows, landslides, soil erosion, snowstorms and other natural
calamities occur frequently in Tibet and desertification is threatening the region’s eco-
environment, compounded by man-made damage to the ecological environment as Tibet’s
economy develops.

In order to ensure the permanent stability of the ecological environment and natural resources
and to guard against possible new threats to them, since 2001 the regional government of Tibet,
supported by the government, has set up and put into practice a mammoth plan for ecological
improvement and environmental protection. From now until the mid-21% century, more than 22
billion Yuan would be invested in over 160 eco-environmental protection projects aimed at
steadily improving the ecosystem in Tibet.
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Conclusion

As humans continue to alter the radiation balance of the earth through the burning of fossil fuels
and other human activities, understanding past climate variability as a means to predicting future
change becomes ever more important, and represents one of the great challenges for modern
science. Glaciers around the world, including those in the Himalaya, provide a unique medium to
study in-depth our complex climate system. It becomes clear from such a regional overview that
deglaciation is a widespread problem with serious consequences for water resources around the
world. As runoff variation is directly related to glacier condition, continued deglaciation is
certain to have impact on runoff in the future.

Problems of water stress are already prevalent in the region, due to the increasing demands of
domestic, agriculture, industry and the growing population. Rapid urbanization, population
explosion and haphazard development are the main cause for the increasing pressure on our
vulnerable fresh water resources. The demand for these limited resources is rapidly increasing
for agricultural, industrial, domestic and environmental uses. Thus, any reduction in the
availability of freshwater could have serious consequences in matter of food security, people’s
livelihoods, industrial growth and environmental sustainability the world over. It has been
reported that the world used 3,906 km’® of freshwater in 1995 and that, by 2025, this volume is
projected to increase by at least 50 percent (Global Water Outlook to 2025, IWMI Food Policy
Report, September 2002). Asia alone withdrew around 2,200 km® of freshwater in 1995, which is
projected to increase to 2,900 km® by 2025.

For India alone, the prospect the entire agriculture of the northern region of being highly
vulnerable to any change of stream flow has serious implications for the country’s economy. In
China the effects have included, among other impacts, degradation of a large area of high-cold
swamp meadow, the water surface shrinkage of lakes and rivers, the retreat of glaciers and
coverage reduction of high-cold grassland and high-cold meadow. Again, for both Nepal and
India the entire system of the hydropower generation situated on these river systems would also
be jeopardized—the potential water utilization and the benefits of establishing or continuing to
operate a hydropower plant would be affected by changes in runoff. Then there are extreme
events such as GLOFs that could spell danger for all three countries in terms of destruction of
life, property and infrastructure.

From all three case studies one can gather the enormity of the predictions of retreating glaciers
and associated impacts for the many millions of people whose very survival depends directly or
indirectly on fresh water from these sources. While it is not yet clear which stage of deglaciation
we are currently in, it is only wise to prepare for the worst. It is imperative to make vulnerability
assessments of different development sectors and devise adaptation plans. Climate change
impacts and responses are transboundary issues. Therefore, in addition to national discourses on
linkage between climate change, mitigation and adaptation measures and development efforts,
regional collaboration is necessary to formulate co-coordinated strategies.
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