
Glacial lakes threaten millions with 
flooding as planet heats up 
More than 12,000 deaths have already been attributed to glacial lake 
outburst floods worldwide 

Lake Palcacocha in Peru. The many factors at play in an outburst flood make it impossible to estimate how 
many people might be at risk globally. Photograph: Dan Collyns/The Guardian
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An increasing number of people are being threatened by flooding caused by 
glacial lakes bursting, scientists have warned. 

As the planet warms and glaciers recede, meltwater accumulates and forms 
lakes, often as a result of ice or moraine acting as a dam. Since 1990, the 
volume, area and number of these glacial lakes has increased by 50% globally. 
When these lakes become too full there is a risk that they may breach or 
overflow, releasing huge volumes of water and causing catastrophic flooding. 

Some lakes are more dangerous than others, and more likely to result in what 
are known as glacial lake outburst floods (GLOFs). Stephan Harrison, a 
professor of climate and environmental change at Exeter University, said: “The 
ones we’re concerned about are the very steep mountain valleys in the Andes 
and in the Himalayas, where you have glaciers retreating up into their steep 
valleys with lots of opportunity for bits of mountainside to fall off into lakes.” 

https://www.theguardian.com/environment/2020/aug/31/satellite-images-show-rapid-growth-glacial-lakes
https://www.theguardian.com/environment/2020/aug/31/satellite-images-show-rapid-growth-glacial-lakes


The correlation between rising temperatures and glacial lake outburst floods is 
complicated. While glacial lake formation and growth can be attributed to 
anthropogenic climate change, the triggers that can cause disastrous flooding 
are often down to non-climatic factors such as moraine dam geometry, 
earthquakes, ice or rock avalanches into the lake or extreme rainfall. 

Adam Emmer, a geographer at the University of Graz in Austria, said: “You 
need two conditions to generate a disaster – high magnitude GLOF, and 
exposed population as well as assets in its path. Population expansion along the 
potential GLOF paths and lack of building development regulations may be 
even more important driver of GLOF risk, especially in developing countries.” 

The Pastoruri glacier in Peru. The melting of the glacier has put the city of Huaraz, located about 35 miles 
downslope, at risk from GLOF. Photograph: Martin Mejia/AP


One of the parameters that makes a glacial lake potentially dangerous is the size 
of downstream population that could be exposed to flooding, and that number 
can range from few hundreds to hundreds of thousands, as in the case of 
Huaraz city located downstream of Lake Palcacocha in Peru. However, the 
many factors at play in an outburst flood make it impossible to estimate how 
many people might be at risk globally. 

A 2016 study found there have been at least 1,348 recorded glacial lake outburst 
floods so far worldwide, of which 24% had some societal impact. 

https://tc.copernicus.org/articles/12/1195/2018/
https://tc.copernicus.org/articles/12/1195/2018/
https://www.theguardian.com/world/peru
https://www.sciencedirect.com/science/article/abs/pii/S0921818116301023?via%3Dihub


More than 12,000 deaths have been attributed to such floods. Central Asia was 
the most affected region, followed by South America, then the European Alps, 
Iceland, Scandinavia, north-west America and Greenland. The authors identify 
South America and central Asia as the regions most likely to experience large 
numbers of deaths, extreme damage to infrastructure, flooding of farmlands 
and the destruction of homes and roads. 

Of the world’s tropical glaciers, 70% are situated in Peruvian Andes, and they 
are melting rapidly, which has led to several glacial disasters over recent 
decades. The worst so far was the 1941 glacial lake outburst flood from Lake 
Palcacocha, which claimed at least 1,800 lives. 

Climate change has turned Peru's glacial lake into a deadly flood timebomb 

Subsequently, Peru started working on lake monitoring and implementation of 
hazard mitigation measures such as draining lakes, strengthening unstable 
moraine dams with concrete structures and artificial spillways, and installing 
early warning systems as early as the 1950s. 

“Peruvian Cordillera Blanca [part of the Andes mountain range] is, in fact, the 
world’s pioneer region of GLOF mitigation works,” said Emmer. Despite this, 
“the biggest challenge is yet to come – communicating the risk and risk 

https://www.theguardian.com/environment/2018/jun/29/climate-change-has-turned-perus-glacial-lake-into-a-deadly-flood-timebomb


reduction measures to local communities and making them trust and accept it”, 
he added. 

Nepal, which is also highly vulnerable to glacial floods, started taking interest in 
GLOFs after two serious floods in the 1980s. In 1999, Nepal drained a rapidly 
expanding lake called Tsho Rolpa near Mount Everest to lower the lake levels, a 
first in the region. 

“GLOF has been recognised as a big challenge for Nepal. In the past, there also 
have been efforts made to reduce the risk from individual lakes and two lakes 
have already been intervened in [around] the Everest region,” said Arun 
Shrestha, a climate change specialist at the International Centre for Integrated 
Mountain Development. 

A glacial lake in the Himalayas. Photograph: Goncalo Diniz/Alamy


According to Shrestha, Nepal has documented records of up to 35 GLOF events, 
but the true number is probably higher. International communication and 
cooperation is also critical to preventing deadly floods; a study published last 
year identified 47 potentially dangerous glacial lakes that could affect Nepal if 
breached, but only 21 were in Nepal itself. Twenty-five were also identified in 
China and one in India. 

https://www.theguardian.com/world/nepal
https://lib.icimod.org/record/34905
https://lib.icimod.org/record/34905


“It’s very important that Nepal talks with China and tries to address those 
issues,” said Shrestha. “Those lakes cannot be ignored, but for that, a bilateral 
diplomatic effort is required. With climate change, and infrastructure and 
settlements changing quite rapidly, I think the risk is growing every day.” 

Despite the rapid recession of glaciers worldwide, the frequency of GLOFs has 
actually declined globally. Scientists attribute this trend to a lag between climate 
change and the occurrence of GLOFs. 

Scientists predict an increase in GLOFs starting in the coming decades and 
extending well into the early 22nd century. Vulnerable countries with 
populations and infrastructure at risk of floods are now in a race against time to 
invest in disaster preparedness to avoid catastrophic outcomes in the event of 
an outburst flood. 


