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Satellite Data Archives Reveal
Unrecorded Himalayan Floods

Imja Lake—the long, silty lake in this 2010 photo—has grown in front of Imja and Lhotse Shar glaciers (top right) in the
Himalayas. In 2016, engineers lowered Imja Lake by 3.5 meters to reduce the chances of a large glacial lake outburst
flood. Credit: Jeffrey S. Kargel, Planetary Science Institute, Tucson, Ariz.

flood that tore through central Nepal
A in July 2016, destroying houses and

roads, came from a seemingly placid
source: a glacier. The Himalaya region encom-
passes thousands of glaciers, so glacial lake
outburst floods like that summer 2016 torrent
are a perennial problem. Glacial lake outburst
floods occur when large bodies of glacial run-
off water suddenly breach the fragile, natu-
rally formed piles of rocks and other glacial
debris, referred to as moraine dams, that hold
them in place. But monitoring these deluges
using ground-based observations is often
impractical because of challenging mountain-
ous terrain and harsh weather conditions.

Now researchers have used satellite data
spanning nearly 3 decades to assemble a cen-
sus of glacial lake outburst floods across India,
Nepal, Bhutan, and China. The team’s algo-
rithm identified all but one of the region’s
11 previously reported floods as well as 10 pre-
viously undocumented events, observations
that shed light on the prevalence of these
unpredictable—and sometimes deadly—tor-
rents.
“This work is very important,” said Chris-

tian Huggel, a geographer at the University of
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Zurich in Switzerland not involved in the
research. “It fills gaps in knowledge and
understanding about glacial lake outburst
floods’ occurrence in a region as vast as the
Himalayas.”

Unstable Lakes

Georg Veh, a geoscientist at the University of
Potsdam in Germany, and his team looked for
floods that had occurred in the Hindu Kush
Himalayan mountain ranges, which run from
Afghanistan in the west to Myanmar in the
east. This region is home to a large fraction of
the world’s roughly 200,000 glaciers, but

“It fills gaps in knowledge
and understanding about
glacial lake outburst
floods’ occurrence in a
region as vast as the
Himalayas.”

these majestic ribbons of ice at Earth’s “third
pole” are shrinking as global temperatures
climb. Melting glaciers create thousands of
lakes ringed by unstable debris that can give
way at any moment and inundate villages,
farmland, and important infrastructure like
hydropower stations.

Veh and his collaborators used data from
NASA’s Landsat series of satellites, which
were first launched into near-Earth orbit in
the 1970s and which reobserve locations on
the planet roughly every 16 days. The team
analyzed nearly 2,500 Landsat images
encompassing roughly 10,000 square kilome-
ters of the Hindu Kush Himalayan region that
were captured between 1988 and 2016.

The researchers’ use of a computer algo-
rithm created to spot changes in patterns of
pixels in the Landsat images that correspond
to the shrinking of bodies of water led to their
91% success rate for already documented
floods. The one known flood missed by the
algorithm occurred in India in 2013.

Confident that their algorithm was effec-
tive at spotting real glacial lake outburst
floods, Veh and his team then looked for
signs of floods that hadn’t been previously
reported. The 10 previously unknown floods
that the scientists detected took place in
China, Nepal, and Bhutan, the researchers
reported in March in Remote Sensing of Envi-
ronment (see http://bit.ly/glof-landsat).

By nearly doubling the known number of
glacial lake outburst floods, the researchers
assembled a more complete inventory of
these events. Not surprisingly, the team
noted, those new-to-science glacial lake out-
burst floods tended to be smaller than their
already known brethren.

Expanding the Survey

Veh and his colleagues have examined an
even larger data set of Landsat images to
extend their analysis to satellite observations
from 2017. At the European Geosciences
Union 2018 General Assembly in Vienna,
Austria, the researchers presented on 11 April
newer findings, an additional nine previously
unreported floods (see http://bit.ly/egu2018
=7699).

This work, which will help local residents,
government officials, and other concerned
parties more accurately assess the risks that
these floods pose, could be replicated in sim-
ilar glacier-rich regions such as Alaska and
Patagonia, the University of Zurich’s Huggel
suggested.
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