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Around 15 million people across the

world face the risk of sudden and deadly ") PRESENT

flooding from glacial lakes, which are ,
Glacier surface

expanding and rising in numbers due Frontal moraine
to global warming, according to a new
study. More than half of those who could
be impacted live in four countries: India,

Pakistan, Peru and China.
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Published in the journal Nature, the

study, ‘Glacial lake outburst floods threaten
millions globally’ has been conducted by

Retreating

Frontal moraine

|

Caroline Taylor, Rachel Carr and Stuart
Dunning of Newecastle University (UK),

Tom Robinson of the University of Canter-
bury (New Zealand), and Matthew Westoby of Northumbria University (UK).

How do floods come from Glaciers?

Glacial lakes result from shrinking glaciers. Once the water is released from them, it could cause flooding
in the downstream areas. This is known as glacial lake outburst floods or GLOF. Although GLOFs have been
taking place since the ice age, the risk has increased multifold due to climate change, researchers of the latest

study said.

GLOFs can prove to be catastrophic as they mostly arrive with little warning and result in large-scale

destruction of property, infrastructure, and agricultural land. They can also lead to the death of hundreds of
people.
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Increase in glacial lakes

Speaking to The Indian Express, Tom
Robinson, the co-author of the paper, said, “As
the climate continues to warm, glacier retreat
will form larger and more numerous lakes. At
the same time, lakes are likely to become more
exposed to GLOF ‘triggers’, such as a large
landslide or ice avalanche entering the lake,
displacing water, and causing the natural dam
that impounds the lake to fail.”

“So, lakes that perhaps aren’t a concern at
present may become a concern in the future,
and entirely new and potentially dangerous
lakes may form.” According to a 2020 study, the
number and total area of glacial lakes worldwide
have increased by about 50 per cent since 1990,
The Washington Post reported.

What are the findings of the new study?

Inordertoidentify the areas and communities
that are most in danger from GLOFs, the
researchers used existing satellite-derived data
on different locations and sizes of glacial lakes
with a global population model and a series of
population metrics.

e “We’ve made a conservative estimate that
anyone living within 50 km of a glacial
lake and one km of a river that originates
from a glacial lake could be impacted, either
directly or indirectly, if one or more of the

lakes upstream failed,” Robinson told The

Indian Express.

e Moreover, the researchers also looked at
levels of human development and corrup-
tion in these zones to determine how vulner-
able local communities may be when floods

occur.

Glacier

Glacier Area made of crystalline ice, rock, sediment
and water, where snow is frozen for most of the
year. Glaciers are sensitive indicators of climate
change that flow towards the glacier slope due to the
effect of excessive weight and gravity. Himalayan
glaciers refer to those glaciers or glaciers that are
found on the Himalayan mountain range.

Of the total water on Earth, 2.1% is present as ice
in glaciers, while 97.2% is present in oceans and

inland seas.

91% of the Earth's glaciers are in Antarctica and
8% are in Greenland. Glaciers are present in about
10% of the total geographical area of the world.

Avalanche

On the surface of the earth, a huge amount of
dynamic ice is_called, which flows downwards
following the mountain slopes due to its weight. It

is the largest reservoir of fresh water on earth (75
percent of t orld's fresh water).

During an avalanche, a mass of snow, rock, ice,

soil, and other material rapidly slides down a
mountain. Avalanches of rocks or soil are often
called landslides.

formation of glaciers

Glaciers are formed in places where there is more
snow than the snow melts. After snowfall, the snow
gets compressed and becomes denser.

The process of freezing snow in the form of dense,
compressed snow or ferns of a glacier is called
fernification. Generally, when the layer of ice be-
comes very thick, about 50 meters, the process of
fernification starts and with this the glacier flows
slowly and takes the form of an ice-river.

Different parts of the glacier flow at different
speeds and the ice in the middle of the glacier
flows faster than the ice in the bed.
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e As mentioned before, the paper estimates
that 15 million people live within the 50
km danger zone of glacial lakes. It adds
that populations in High Mountains Asia
(HMA) — a region stretching from the Hin-
du Kush all the way to the eastern Himala-
yas — are the most exposed and on average
live closest to glacial lakes with around one
million people living within 10 km of a gla-
cial lake.

e “India and Pakistan make up one-third of
the total number of people globally exposed
to GLOFs — around three million people
in India and around two million people in
Pakistan,” Robinson said.

e Another interesting finding of the study is
that the glacial flood risks don’t only de-
pend on the size and number of glacial lakes
in an area. What also matters is the number
of people living in the area, their proximi-
ty to the danger zone as well as the levels
of social vulnerability. For instance, areas
like Greenland and Canada, which have a
large number of glacial lakes, have very
few people who are vulnerable to GLOFs
as their population and corruption levels are
low.

Situation in India and Pakistan

“While the number and size of glacial lakes
in these areas (India and Pakistan) isn’t as large
as in places like the Pacific Northwest or Tibet,
it’s that extremely large population and the
fact that they are highly vulnerable that means

Some Important Glaciers in India

Siachen Glacier: Located in the Karakoram mountain
range in the northeastern part of India, the Siachen
Glacier is the longest glacier in the Himalayas and the
second longest in the Karakoram. It is also one of the
highest battlefields in the world, with India and Pakistan

both maintaining military outposts on the glacier.

Gangotri Glacier: This glacier is located in the Uttarkashi
district of Uttarakhand and is the source of the Bhagirathi
River, one of the main tributaries of the Ganges River. It
is one of the largest glaciers in the Indian Himalayas and

is considered a sacred site by Hindus.

Bhagirath-Kharak Glacier: This glacier is located in the
Chamoli district of Uttarakhand and is the source of the

Bhagirathi River:Jt is on¢ of the largest glaciers in the
Indian Himalayas and i idered a sacred site by Hin-

dus.

Zemu Glacier: Located in the state of Sikkim, the Zemu
Glacier is the largest glacier in the eastern Himalayas,

and is the source of the Teesta River.

Dokriani Glacier: Located in the state of Uttarakhand,
Dokriani Glacier is a relatively small glacier, but it is
the primary source of the Bhilangna River, which is a

tributary of the Yamuna River.

Chhota Shigri Glacier: Located in the state of
Himachal Pradesh, Chhota Shigri Glacier is a relatively
small glacier, but it is the primary source of the Chenab

River, one of the major rivers in North India.

Pakistan and India have some of the highest GLOF danger globally. In fact, the most dangerous catchment in
the world in our study is Khyber Pakhtunkhwa in Pakistan,” Robinson explained.

However, the most surprising bit for the scientists was to find Peru ranking third globally in danger
levels. They point out that in the past two decades, due to climate change, glacial lakes across the Andes have
increased by 93 per cent, in comparison to 37 per cent in high-mountain Asia. Yet most of the previous studies
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done in the field have focused on the Himalayas rather than the Andes, the latest paper said.
What exactly are glacial lake outburst floods or GLOFs?

Glacial lakes are large bodies of water that sit in front of, on top of, or beneath a melting glacier. As they
grow larger in size, they become more dangerous because glacial lakes are mostly dammed by unstable ice
or sediment composed of loose rock and debris. In case the boundary around them breaks, huge amounts
of water rush down the side of the mountains, which could cause flooding in the downstream areas. This is
called glacial lake outburst floods or GLOF.

Robinson said that GLOF can be triggered by several reasons, including earthquakes and ice avalanches.

“These lakes are also often found in steep, mountainous regions, which means landslides or ice avalanch-
es can sometimes fall directly into the lakes and displace the water, causing it to over-top the natural dam
and flood downstream,” he added. In 2013, one such event took place in Uttarakhand’s Kedarnath when the
region witnessed flash floods along with a GLOF caused by the Chorabari Tal glacial lake, killing thousands
of people.

How can GLOFs be prevented?
According to Robinson, reducing the risk of GLOFs is complex and no single solution would work.

e “Limiting climate change and keeping warming under 1.5 degree Celsius is a big one as this will help
slow the growth of glacial lakes, but unfortunately a certain amount of ice loss is already ‘locked in’ — if
we stopped all emissions today GLOF hazard will continue to increase for several decades,” he added.

e Robinson further explained that there is a need to find effective measures by working with national and
regional governments, as well as communities themselves. This includes working at the local level and
finding appropriate measures for the threatened populations.
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~ Expected Question N

Que. In which of the following states of India is the 'Jamu Glacier' located?
(a) Sikkim
(b) Himachal Pradesh

(c) Uttarakhand \/

(d) Arunachal Pradesh

\_ ( Answer : A )j

-~ Mains Expected Question & Format Y

Que.: What is Glacial Lake Outburst Flooding (GLOF)? Explaining its construction

process, discuss the challenges arising out of it.

Answer Format :

X3

8

What is glacial lake outburst flooding?

o

» describe its manufacturing process.

o

» State the challenges posed by this.

o

» give a balanced conclusion.

Note: - The question of the main examination given for practice is designed keeping in mind the upcom-
ing UPSC mains examination. Therefore, to get an answer to this question, you can take the help
of this source as well as other sources related to this topic.
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