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Glacial Lake Inventory of Bhutan using ALOS Data: Methods and Preliminary Analysis
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The Advanced Land Observing Satellite (ALOS) is a relatively new satellite. Its optical sensors are capable of making high-
resolution digital surface models (DSM). For the first time, the task of constructing a regional-scale inventory for glacial lakes
based on ALOS data has been undertaken. This study presents the data processing methods and the results of validation
analysis on the ALOS-based glacial lake inventory of Bhutan in the Himalayas. The analysis based on GPS measurements tak
at Metatshota Lake in the Mangde Chu sub-basin, one of the glacial lakes assessed as potentially dangerous for flooding, sho
a validation estimate of 9.5 m for the location of the ALOS-based polygon with the RMS of 6.9 m. A comparison with digitized
data from the International Centre for Integrated Mountain Development (ICIMOD) illustrates that a significant amount of im-
provement in positioning and in evaluating terrain changes can be achieved using ALOS data. Preliminary analysis on the glaci
lakes in four sub-basins, Mo Chu, Pho Chu, Mangde Chu, and Dangme Chu, reveals that the frequency distribution of lake size
biases towards smaller lakes. Glacial lakes in the size of 0.01-0.05 km2 account for approximately 55% in number and occup
13% of the area. Together our results demonstrate the usefulness of high-resolution ALOS data with accurate DSMs in studyin
glacial lakes. High priority must be given to continuously improving and updating glacial lake inventory with high-resolution
satellite data.
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Free Public Access on Glacier Lake Inventory in the Bhutan-Himalayas using ALOS
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Re-evaluation of potential of glacial lake outburst flood in the Himalayas
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Hazard of glacial lake outburst flood (GLOF) is an urgent environmental issue in the Himalayan countries such as Bhutan an
Nepal. The GLOFs have frequently occurred since the 1960s, accompanied with shrinkage of glaciers and attendant expansi
of glacial lakes. A previous study has reported that potentially dangerous glacial lakes existed 20 in Nepal and 24 in Bhutan. N
obvious criteria, however, is not shown so far. In addition, some "real dangerous” glacial lakes, which have been pointed out by
several field researchers, were not listed in the previous inventory.

We attempt to re-evaluate potential risk of GLOF by using ASTER images and digital elevation models (DEMs). Relative an-
gles of surrounding topography against a lake surface are calculated. By adopting a threshold of 10 degree, a place surroundi
glacial lake, where field researchers have felt as dangerous, is successfully marked. In addition, we validate the threshold ang
by assessing the pre-GLOF lakes by Hexagon KH-9 satellite images and its DEM. We re-evaluate the 44 dangerous glacial lake
in Bhutan and Nepal.

OO0oO00oD0:0000,000, ASTER, Hexagon, DEM
Keywords: Himalayas, Glacial lake, ASTER, Hexagon, DEM



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
HDS025-04 00:103 Oood:50 220 10:15-10:30

Jogdoobbuogoooobobobuodooobbbuooooobobbuoooogd

[]
Formation condition of debris-covered glaciers in the Bhutan Himalaya derived by satel-

lite data

oooo,oooo0Yhoooot!
Hiroto Nagat*, Koji Fujita!, Takayuki Nuimura

l0oooooooOooooooo
INagoya University

oboooooooboboboooooooboboboooobooooooboboboobooooooboOobOoboboo
obooooooobOoboooooooobobobooooooooobooboboooooooboobobooooon
booooooobobooooooooboboboooooooboobOoboobooboOobOobOobooooooon
ubooooooboboboooooobooboboobooooobobobooboooOoobOobobooboooooboOon
goooooobooooboooboooboooogoboooboooobooboOoobbOobDobbOobooooboooDboo

OO00O0oOoO00ooooOoOobOo ANNIRZOOOOODOOOODOOOODOOOODODOOODOODOOODOODOO
OO00D0O0OO00DOOO00DO0OO0OOOOTerrdd 0 ASTEROODODOOODOOODODOOODOOODOOODOOOO
oooooOoO0o0ooooooooo 400000000 0ODObO0O0ODOOOODOODOODODODOODOODOOOOD
0000000000000 0000ASTERGDEMIODO0O0O0ODDOOOOO0O0O0ODOOO0OO0O0ODOOO0OO00O0OD
000000000000 ASTERODOOODOOOODOOOO

gooooO0oOooO0ooOoobooooooOoOoDoOoO0oOoOoOoOO 1000000DbOoOODbOOoUDbObOODDbDO
ocoooooooooooooooooooooooooooobD 100D OOO0OOoOoDOObOOoooDoObOoOooo
ocoooooooooooooooooo0ooboooooOoo ooboopoboooOobDboOoOoDb oOobboboOoDOOoOoo
boooooooboboboooooooboboboooooooobooboboooooOoboobOobobooooon
bobooooooboboooooobobobooooooboobobobooboooboOobOobOobOoooooboon
goooooobooogooboboboobooooooobooooboboboooobooooooDobobobobOoboboOoo
oboooboboooobooboooooobooooboboooooboon

0o0000:.:00000,000000,0000,0000,ALOS, ASTER
Keywords: Debris-covered glacier, Freeze-thaw activity, Bhutan, Himalaya, ALOS, ASTER



Japan Geoscience Union Meeting 2011
(May 22-27 2011 at Makubhari, Chiba, Japan)

©2011. Japan Geoscience Union. All Rights Reserved. " p'a i
JGet_)science
e
HDS025-05 00:103 00:50 220 10:45-11:00

0000000000000 000000DoOoonoooon
Possibility of the glacial lake outburst floods in the Hongu Valley, eastern part of Nepal
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During the past several decades in the Mt. Everest and Makalu-Barun national parks of Nepal, 24 new glacial lakes have forme
and 34 major lakes have grown substantially as a result of climate change and regional warming trends (Bajracharya et al. 2007
Recent satellite analyses have suggested that at least 12 of the new or growing lakes within the Dudh Kosi watershed, 9 of whic
are located in the remote Hongu valley of Makalu-Barun National Park, are "potentially dangerous” based on remote sensing the
documented their rapid growth over the past several decades (Bajracharya et al. 2007; Watanabe et al. 2009). However, in sp
of the large amount of national and international media attention recently generated by these new and/or growing lakes, relativel
little was known about these lakes because of their extreme remoteness and difficulty of access.

Chamlang Pokhari, listed as West Chamlang in Table 1 by Bajracharya et al. (2007), was considered by many to be a "dange
ous” lake based on satellite image analysis. It is also considered to be dangerous by local peaple as well. While it was observe
that there is indeed considerable overhanging ice above the lake that could be dislodged and cascade into the lake that in tu
caused a surge, the length and surficial roughness of the region between the lake and the terminal moraine (i.e., the region bel
the meltwater ponds that can be seen to the left) suggests that any surge would most likely be buffered and repelled.

In 2009 we carried out intensive investigation on the Chamlang Pokhari at the western foot of the Peak Chamlang in the remot
Hongu valley of Makalu-Barun National Park of East Nepal. Geomorpholocal observations and bathymetric surveys at arounc
the Chamlang Pokhari were carried out in Novenber 2009 during the ice-melted period. The depth was confirmed continuousel
on an line using echo sounding with GPS positioning.

The bathymetric map shows that the current lake is about 550 m in width (north-south) and about 1,650 m in length (east-west
The lake was most probably very small in 1962 when a climbing expedition team from Hokkaido University scaled the summit
of Mt. Chamlang. The lake area shown on the Schneider map (surveyed between 1955 and 1974) is roughly one-sixth of th
current area. The bathymetric survey indicates that the maximum water depth is 87 m.

A survey around the terminal moraine was also carried out to reveal seapage of lake water from the moraine. The result showe
that the glacier ice was grounding. The ice cliff at the terminus was in continual contact with lake water, and had drifted due to
valley winds passing over the lake.
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Overview on the risk minimization project in Thorthormi glacial lake
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With the financial assistance from the UNFCCC, this project mainly focuses on the risk minimization for Glacial Lake Out-
burst Flood (GLOF) in Punakha Wangdi valley along Pho Chu river. The project was designed with a budget of approximately
127 t0130 million Ngultrum (equivalent to an Indian Rupe) with a co financing scheme from the Austrain Government and WWF
Bhutan.

The overall objective of the project was to lower the lake water level in Thorthormi lake by 5 m which according the technical
mitigation plan drawn up in collaboration with the Austrain experts was a safety level to prevent a catastrophic GLOF in the fu-
ture. The whole project was formulated for four years period with four working seasons per year with atleast 300 workers in eact
working season. The team adopted a simple method of lowering the lake water level which basically is deepening and widenin
the natural existing outlet channel. No big machineries were used for fear of disturbing the surrounding unstable moraine wall:
separating the lakes.

The project was initiated in 2008 by carrying out an engineering and safety plan which was implemented in the first year after ¢
technical consultation with the GEF technical team. The real excavation work on the channels started only in 2009. The progres
for each year for the past two years (2009 and 2010) are given in the following section.

After two years of excavation work only about less than 50% target has been achieved. Considering the overall target of 5 n
reduction in lake level and also considering the time frame of the project which is another one more years to complete 4 years c
the project, the project team feels that the project should be extended by another working season to enable the team to achie
the overall target of 5 m. The less achievement in terms of target was mainly due to unavoidable circumstances encountered |
the team in course of the project implementation.
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Keywords: GLOF, hazard mitigation, electrical resistivity tomography, glacial ice, United Nations Development Programme,
Bhutan



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““m
HDS025-07 00:103 Oood:50 220 11:15-11:30

Jododogooodododgoooooopoooooon
Hazardous lake evaluation by the field survey in the Bhutan Himalaya
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In order to assess the possibility of GLOF hazard in the Bhutan Himalaya, we closely observed 15 lakes and roughly checke
12 lakes along the snow man trekking route, northern Bhutan under the JICA/JST project. There is not specific information ove
the last 10 years. However most of these lakes were observed by Iwata and Ageta (1998). In this presentation we will introduc
summery of the field condition and preliminary result of the evaluation based on a modified glacial lake check sheet (lwata,
2000). The field surveys for the evaluation were carried out in/around the lakes in 2009 and 2010 by the authors and tenth othe
Japanese and Bhutanese researchers. Especially, bathymetric survey achieved to obtain more reliable information for assess
the stability of the moraine dame and flood analyses. Most of the lakes in the Mangde Chhu basin show relatively stable aspe
because gentle relief of the surrounding topography of the lake.
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GLOF from debris covered glacier - a case study of 2009 Tshojo glacier-
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Monitoring of supraglacial lakes on Tshojo Glacier by satellite data related to unusual
flood event occurred in 2009
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Global warming have a serious effect on world cryosphere and it sometimes causes the retreat of glaciers and formation c
glacier lakes at the terminus of glacier. This causes a sudden outburst flood called GLOF (Glacier Lake Outburst Flood). GLOF
is serious issue at Himalayan countries and actually more than 20 people were dead by GLOF event occurred in 1994 at Bhuta
A recent example is that unusual flood event was occurred along Pho Chu in 29, April, 2009. Tshojo Glacier is located at the
headwater of Po Chu River and the source of this outflow water, while there is no huge glacier lake at the terminus of this glaciet
Instead of huge lake, there are several spraglacial lakes on the glacier surface and one of the supraglacial lake was disappea
after this outflow event from the interpretation result of ALOS / PALSAR data.

This study aims to reveal the relationship between unusual water outflow event and disappearance of supraglacial lake throug
temporal analysis of supraglacial lakes on the Tshojo Glacier by using time series satellite data. Both optical and microwave
sensor data are used for analysis, which are ALOS /PRISM, ALOS / AVNIR-2, SPOT-2 / XS and PA, SPOT-5/ XS and PA for
optical sensor and ALOS / PALSAR data for microwave sensor (SAR) data.

Also, we have done ground survey around Tshojo Glacier in the autumn of 2010 to figure out this outflow event.

Next, we will plan to analyze the temporal change of this small lake and if possible, estimation of lost water volume of dis-
appeared lake using DSM data made from ALOS / PRISM triplet pair. Then, we also try to reveal the relationship between the
disappearance of lake and outflow event through the combined study with field survey results.

This research was supported by JST-JICA, SATREPS (Science and Technology Research Partnership). ALOS / PALSAR da
were provided through ALOS PI project (Pl No.571).
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Study on the formation condition of glacial lakes in the Himalayas
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Factors controlling scale and shape of the Himalayan debris-covered glaciers
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Basic concepts of disaster prevention for GLOF in the eastern Himalayas
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Impulse wave generated by glacier avalanches and its effect on GLOFs
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Landslides, rock falls, snow avalanches, and glacier calvings may generate large water waves in the glacial lakes. Thes
tsunami-type waves, called as impulse waves, can cause GLOF due to run-up or even destruction of the moraine dams. Althou
a considerable number of general model studies exist, the prediction of impulse wave features remain challenging. Most gener
model studies provide an empirical equation for the maximum wave features in the slide impact zone. However, the wave heigh
wave amplitude, wave period, and wavelength at a specific location of the lakes have to be available to determine the effects ¢
impulse waves on a dam.

In this study the generation and propagation of the impulse waves were investigated in a small channel experimentally anc
then, numerical simulations were carried out not only for the small scale but also for the glacial lakes in Bhutan.
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