
Q. What is a Glacial Lake Inventory?
It is a dataset outlining the details of individual 
glacial lake which can provide information on their 
spatial distribution. It also contains information on 
location, aerial extend, elevation, types of glacial 
lake and local names of all existing glacial lakes.

Q. Why is it important to have a Glacial Lake 
inventory?
Glacial lakes are common features in mountainous 
areas formed as a result of glacial activities. Once 
formed these glacial lakes grow in size in course of 
time, turn into huge moraine dammed lakes with a 
potential to outburst and cause catastrophic damages 
to the lives and properties of people living in the 
downstream area. Because of the impact of climate 
change, glaciers around the world have experienced 
accelerated melting resulting in an increasing number 
of glacial lakes over the past few decades. Apart from 
posing risk to communities and infrastructures in the 
downstream valleys, these lakes also serve as storage 
for fresh water and help in regulation of flows in 
the streams and rivers, which are vital for sustaining 
lives and maintaining ecosystems. Therefore, an 
updated inventory on glacial lakes in the country 
can serve as a primary source of information for any 
scientific studies as well as basis for various socio-
economic developmental planning in the country

on top of the Thorthormi glacier. To the west 
lies a much larger lake (pictured above) called 
Rapstreng — vast and milky green —  about 
80 metres lower in elevation. Toeb first came 
to this site in 1997, during a project to shrink 
Rapstreng lake. Over three years, a thousand 
labourers widened and deepened Rapstreng’s 
natural outlet to lower the lake by 4 metres.

At the time, nobody was worried about the 
Thorthormi glacier next door. “Thorthormi 
was almost pure ice,” says Toeb. “We could 
cross over and walk on the glacier to do our 
research.” The glacial lake didn’t even appear 
in an exhaustive study of the region’s danger-
ous lakes in 2001 by the International Center 
for Integrated Mountain Development (ICI-
MOD), based in Kathmandu, Nepal2,3.

It is only within the past decade that 
researchers realized that Thorthormi could 
pose a threat. Thorthormi’s ponds were 
expanding and merging to form larger bodies 
of water. The changes have been dramatic even 
in the past few months. “Just before we started 
our work here in July this year, that part of the 
lake was water,” says Toeb, pointing down to a 
number of icebergs. “The ice blocks have been 
breaking off the mother glacier upstream.”

But the rate at which Thorthormi glacier 
is melting is not the only concern, says Toeb, 
motioning at the boulders underfoot. The 
moraine separating the Thorthormi and Rap-
streng lakes is at places only around 30 metres 
wide and is prone to landslides. Geophysi-
cal testing in 2008 showed that the moraine 
contains a substantial amount of ice. As that 
ice melts, along with the rest of the glacier, 
the ridge could collapse, releasing the water 

from Thorthormi into Rapstreng below. Then 
there would be a combined outburst flood, 
Toeb says.

Building pressure
A four-year study led by Hermann Häusler 
from the University of Vienna in collabora-
tion with Bhutan’s geology and mines depart-
ment predicted the moraine between 
Thorthormi and Rapstreng could 
give way as early as 2010, because of 
the hydrostatic pressure of the grow-
ing Thorthormi glacial lake. A com-
bined flood would unleash around 53 
million cubic metres of water down 
the Pho river4.

Every country within the Hima-
layan region has suffered a glacial 
outburst flood at some point3, and Bhutan is no 
exception. A number of glaciers in that coun-
try are missing sections of their moraines, sug-
gesting that lakes have burst there in the past. 
Half a century ago, floods originated from the 
Lunana region in northern Bhutan, which is 
home to Thorthormi and many other glaciers. 
The floods may have come from glacial lakes, 
but there were no studies of them at the time. 
The only scientifically documented glacial 
flood in Bhutan’s history came from a lake at 
the bottom of Luggye glacier, on Thorthormi’s 
eastern margin, 15 years ago.

Ponds first appeared on the Luggye glacier in 
the late 1960s, and by the early 1990s the glacier 
was retreating by up to 160 metres a year2. On 
7 October 1994, the glacier’s moraine broke 
and released an estimated 18 million cubic 
metres of water and debris down the Pho river, 

killing 21 people and razing fields and settle-
ments downstream with a jumble of uprooted 
trees, boulders and mud.

Memories of that flood still haunt Dawa 
Gyeltshen, a herder who lives in the village of 
Taksho, beside the Pho river around 20 kilo-
metres downstream of Luggye. He remembers 
being woken by a thunderous noise early that 

morning. For hours he raced around 
outside his house in the dark, terri-
fied as the river rose.

It wasn’t until dawn that Gyeltshen 
saw the extent of the damage. The 
forested river valley and a large por-
tion of the fields in front of his house 
had been washed away and in their 
place were mounds of boulders and 
glacial silt. Today, the landscape is 

recovering. Pockets of shrubs and wildflowers 
have settled in along the river and Gyeltshen’s 
remaining land is golden with this year’s crop of 
buckwheat. White prayer flags line the rugged 
edge of the property, marking the course of the 
water during the flood. But even now, Gyelt-
shen says he still has trouble sleeping through 
the night, worried about another flood. 

A combined flood from Thorthormi and 
Rapstreng lakes could cause at least ten times 
the damage and fatalities of the 1994 event4. In 
the past 15 years, hospitals and schools have 
popped up along the river, along with a par-
tially completed $760-million, 1,200-megawatt 
hydropower dam project. 

It was in part because of the 1994 disaster 
that Bhutan became a leader in adapting to 
climate change. Following the flood, scientists 
from Bhutan, Japan and Austria, among other 
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Kaka Tshering loops a piece of frayed jute 
rope around a 150-kilogram boulder. 
A handful of his fellow workers line up 
on either end and pull the rope taught. 

“Shochi, Shoni,” the workers call in unison, 
as they heave . Their voices are raspy from the 
4,400-metre altitude and moist, cold air. “Put 
your strength together.”

After rocking a couple of times, the boulder 
rolls over and the labourers tumble backwards. 
Their cries are drowned out by the furious 
work around them as more than 300 men and 
women scrape away rocks with spades and 
shovels to reach their daily quota.

The work force is a cross-section of life in 
Bhutan. There are a number of young drop-
outs from the capital Thimphu, with greasy, 
shoulder-length hair and tattoos running 
up their forearms. Retired soldiers from the 
Royal Bhutan Army labour alongside former 
students of Buddhism. There are a handful of 
women in their traditional tartan-style robes, 
beaded necklaces and antique silver and tur-
quoise brooches.

Together in matching hard hats and leaky 
rubber boots, they make up Bhutan’s army 
against the effects of climate change. Their task 

is to deepen and widen the outlet channel from 
lakes formed by the rapidly melting Thorthormi 
glacier (pictured above, to the right of the lake). 
By helping the water to drain faster, Bhutanese 
officials hope to prevent a catastrophic flood.

Glaciers in the Himalayas are retreating 
faster than in any other part of the world and 
they could disappear completely by 2035 
(ref. 1). This puts the mountainous nation of 
Bhutan at a special risk. In an area smaller than 
Switzerland, it has 983 glaciers and 2,794 gla-
cial lakes, some of which have burst to produce 
deadly glacial lake floods.

As a poor nation without even its own 
helicopter, Bhutan lacks the resources to com-
bat global warming. It is carrying out the work 
at Thorthormi glacier with the help of money 
from various international donors, includ-
ing US$3.5 million from the Least Developed 
Countries Fund, created under the United 
Nations Framework Convention on Climate 
Change. The global cost of adaptation could 
total hundreds of billions of dollars a year 
— orders of magnitude more than what is 
available to poor countries at the moment. 
During December’s UN talks in Copenhagen, 
developing countries will be pushing for more 

generous — and reliable — funding to help 
them mitigate the impacts of climate change. 
As the first nation to get adaptation money 
from the Least Developed Countries Fund 
(see ‘The long wait for adaptation money’, 
page 1045), Bhutan is something of a pioneer 
among developing nations in their quest to 
adapt to a warmer future. And the struggles 
at Thorthormi glacier illustrate the enormous 
obstacles that adaptation efforts still face.

Dangerous dam
The sounds of global warming are deafening at 
Thorthormi glacier. Every few minutes, a block 
of ice rips off the glacier and crashes into the 
lake in a trail of dust and ice. These are some 
of the tallest mountains in the world and form 
Bhutan’s northern boundary with Tibet.

To get a look at the hazard posed by the 
melting glacier, Karma Toeb, the project’s 
glaciologist and team leader, scrambles to 
the top of a moraine — a steep ridge of loose, 
angular boulders built up by the glacier as it 
pushes debris along its edges. This moraine is 
a dam between two bodies of water (see map, 
overleaf). To the east, Toeb points out how 
several slushy grey-brown ponds have formed 

When the ice melts
Deep in the Himalayas, the disappearance of glaciers is threatening the kingdom of Bhutan. Anjali 

Nayar trekked through the mountains to see how the country is adapting to a warming world.
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Q. What was the need to update the Inventory of 
Glacial Lakes in Bhutan ?

The inventory of glaciers and glacial lakes published 
by ICIMOD in 2001 is being used for all official 
referencing purposes so far for glacial lakes in 
Bhutan. Although there were few other inventories 
of glacial lakes in Bhutan published by individual 
researchers and institutes but those are either 
focused on regional coverage or specific research 
purpose. The only official country focused inventory 
on glacial lakes published by ICIMOD is about two 
decades old. Considering the dynamic nature of 
glaciers and glacial lakes under the influence of the 
impact of climate change, a need was felt to have 
an updated and country focused inventory of glacial 
lakes in Bhutan which can be used for  all official 
referencing hereafter. The present inventory has 
been prepared to meet this objective using the  most 
recent high quality base materials and techniques.
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Defining a Glacial Lake
•	 Elevation >3500 m.a.s.l
•	 Surface area > 0.01 km2

•	 located within 2 km of LIA moraines 
and glaciers

Q. What are the results from BGLI 2021?
The following are the results from Bhutan Glacial Lake Inventory 
2021:
•	 A total of 2979 water bodies was mapped of which 

567 are classified as glacial lakes after applying the 
criteria for lakes to be considered as glacial lakes.

•	 Glacial lakes cover an area of 55.04 ± 0.055 km2 
i.e 0.14% of total Land cover area of Bhutan.

•	 Pho chhu sub basin has the highest number 
of glacial lakes (157) of which 9 are PDGL.

•	 The largest glacial lake is Thorthormi lake 
(G090269E28109N) which lies in the headwater of  
Pho chhu sub basin  with a surface area of 4.20 km2.

•	 Most glacial lakes are erosional type, followed by 
moraine dammed and least is Ice dammed lakes

•	 Glacial Lake elevation in Bhutan ranges from 4750 m.a.s.l. 
to 5200 m.a.s.l. 

Q.  What are the benefits of Bhutan Glacial Lake Inventory 
2021?
The information generated in the BGLI 2021 can be used in the 
following areas:
•	 Water resources assessment : contribution of water from  

glacial lake to the river systems.
•	 Climate indicators: Glacial lakes being dynamic in nature 

and considering the impacts of climate change on the 
glaciers in the eastern Himalayas which are experiencing 
acelerated retreat rate resulting in formation of new glacial 
lakes. Their status indicates the state of the prevailing 
climate conditions and the risk associated with its expansion 
to the downstream.

•	 For the development of hazard maps and monitoring of 
Potential Dangerous Glacial Lakes. 

•	 Building a national database on cryosphere for future studies.
•	 Guideline for planners and decision makers in planning and 

coordination of various developmental activities in the country.

A)Thorthormi lake at Pho Chhu sub-basin . B) Karma lake at Paa chhu sub-basin;Captured by eBee Drone
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