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Coming down the tracks
Piece by piece, scientists are gathering evidence of the growing threat of wet snow avalanches in a warmer world.

On 7 March 2017, a huge avalanche 
ripped through the Sionne Valley in 
the Swiss Alps. Like a runaway train 

whose carriages got separated on departure, 
the monster snow cloud tore downhill in 
numerous parallel lines, racing towards an 
end point some two-and-a-half kilometres 
away. This was the largest, most powerful 
avalanche in the Sionne valley in 11 years, 
carrying around 100,000 tonnes of snow 
downhill.

A mass of tumbling snow travelling 
at this velocity — up to 300 km h−1 — 
can cause untold damage, tearing up 
trees, flattening buildings and burying 
innocent bystanders1. The March 2017 
event did none of that. Instead, triggered 
by explosives dropped from a helicopter, 
this avalanche was an experiment, 
meticulously planned and monitored in 
what is now the world’s largest avalanche 
research site.

Betty Sovilla, an expert in snow 
avalanches at the Swiss Federal Institute 
for Forest Snow and Landscape Research 
(WSL) in Davos, Switzerland, was one of 
around 15 scientists watching the spectacle. 
Scientists like Sovilla have been setting 
off avalanches in the uninhabited Sionne 
Valley since 19972. Typically, this happens 
once a year, when the conditions are just 
right — there must be at least one metre of 
fresh snowfall and an unstable layer in the 
snowpack. “When we go there, we want a 
big one”, she says.

In winter, scientists check the snowfall 
every day. They take data from local weather 
stations, feed them into a computer model 
of snow cover and eyeball it for the right 
signs. Once they give the go-ahead, a huge 
operation ensues, designed to capture 
the avalanche in detail: infrared cameras 
measure the heat inside the avalanche, while 
radar is used to detect dense structures 
(which can do serious damage) within the 
travelling snowpack.

It’s all over within minutes, but these 
events give scientists much-needed data to 
better understand snow avalanches — how 
they form, how they move and the harm 
they can do. These are questions that haunt 
the world’s snowy peaks, where avalanches 
kill around 150 people every year (https://
go.nature.com/2xkwaO4) and cause 
several million dollars’ worth of damage 
by flattening ski-lifts and houses, blocking 
roads and derailing trains.

As climate change warms the world’s 
mountains, the conditions that create 
avalanches are changing, as is our ability 
to predict and prepare for them. “We’re 
seeing more extreme conditions — more 
warmth, more intense cold, more snowfall 
in a very short time, and more snow storms” 
says Sovilla. “This could all lead to more 
avalanche activity but it’s very difficult to 
predict these things”.

Following the flow
In normal circumstances, avalanches occur 
because of heavy snowfall during cold 
winters or because an unstable, weak snow 
layer is laid down during a warm spell. More 
often than not, avalanches are triggered by 
people out recreating.

From analysing the avalanches in the 
Sionne Valley, scientists now know that 
once an avalanche releases, it can flow in 
seven different ways3; for example, some 
avalanches move like a single train coming 
along a track, whereas others behave like 
a bunch of snow balls simply rolling down 
a slope. Most commonly avalanches are 
described either as being dry (made up of 
light, powder-like, fluffy snow that floats like 
dust on the wind) or wet (made of dense, 
material that easily ‘granulates’, sticking 

together into destructive balls, and falling 
apart again).

Intuitively, as the climate warms, there 
is a heightened chance of extreme snowfall 
and of warm, unstable snow triggering an 
avalanche. There is also a greater probability 
of wet avalanches occurring due to an earlier 
spring or unseasonal warm winds, simply 
because snow becomes more waterlogged as 
it nears its melting point.

Powder snow avalanches typically travel 
further and faster than wet snow avalanches. 
“Dry avalanches can descend faster than 
a high-speed train, whereas a typical wet 
snow avalanche is more like a car moving 
through downtown” says Christophe Ancey, 
an avalanche expert at École Polytechnique 
fédérale de Lausanne in Switzerland. They 
can exert pressures equivalent to several 
hundred trucks per square metre, crushing 
ski lifts and buildings1, and change course at 
any moment.

It is now fairly well understood that the 
world’s mountains are losing snow cover — 
compared with the 1970s, snowfall comes 
later, melts sooner and is a smattering of 
what it used to be in ski resorts across 
the globe, from the Alps to the Sierras4–6. 
There are some indications that climate 
change will affect avalanche activity. Several 
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studies point directly to the likelihood of 
an increase in wet snow avalanches in the 
Alps7,8 and in recreational ski areas in the 
United States, such as Aspen, Colorado9. 
Although mountainous peaks are losing 
snow cover as temperatures rise, in some of 
these regions the conditions for avalanches 
are also ripening due to the presence of less 
stable, warmer and wetter snow.

However, clear evidence of a link between 
recent climate change and avalanche 
activity is limited. Ideally, this link would 
be garnered from long-term climate data 
alongside observations of avalanches, 
but most avalanches go unnoticed and 
unrecorded. Instead, the picture is coming 
together slowly. Not everyone is convinced. 
“It’s way too simple to claim that with 
increasing temperatures we’ll see more wet 
snow avalanches” says Jeurg Schweizer, head 
of the WSL Institute for Snow and Avalanche 
Research (SLF) in Davos. “It may be that 
we’ll see more wet snow avalanches earlier in 
the season or at higher elevations, but most 
of the avalanche activity will be determined 
by the snow storms we get”, he says.

telltale signs from trees
The strongest evidence of a link so far comes 
from trees, and from the injuries that they 
suffer from avalanches. As an avalanche 
tears downhill, it bends and even decapitates 
trees; those left behind are usually scarred. 
This visible record of avalanche activity, 
which is also recorded as a response to the 
mechanical injury within a tree’s annual 
growth ring, allows scientists to identify 
avalanche tracks through forested areas.

Like many of the world’s mountain 
ranges, in the western Himalayas, winters 
are now warmer and spring is coming 
earlier than before, a trend that is favouring 
conditions for wet snow avalanches. In 
2015, Juan Antonios Ballesteros-Cánovas, a 
climate impacts researcher at the University 
of Geneva, Switzerland, and his colleagues 
started to analyse data from 144 injured 
trees at a site in the Western Indian 
Himalayas where avalanches routinely 
disrupt transport along the region’s only 
reliable road.

Using the tree’s growth rings as annual 
markers, Ballesteros-Cánovas and his 
colleagues recorded the date of each injury 
— and the associated avalanche — and 
then compared this with reanalysed climate 
data extending back 150 years10. These 
injuries show that since the 1970s wet snow 
avalanches have become more common and 
are reaching even further downslope than 
before. The likely cause, says Ballesteros-
Cánovas, is the increase in air temperature 
in the last decade. “This results in more 
liquid in the snowpack; deforming the 

snowpack and triggering more snow 
avalanches” he says.

In Glacier National Park, Montana, 
winters are also getting warmer and spring 
now comes about three weeks earlier than it 
did just 40 years ago, narrowing the period 
in which conditions are favourable for dry 
snow avalanches. Occasional periods of 
extreme weather give some clue as to what 
might be coming. During warm, mid-winter 
storms brought in on the ‘Pineapple Express’ 
(a band of balmy air that originates in the 
tropical Pacific and can reach all the way 
inland) Glacier National Park sees a lot of 
rain-on-snow events. In general, rain-on-
snow events are becoming more common at 
high elevations across the Western United 
States, a trend that is likely to continue11.

This ripens the conditions for wet snow 
avalanches in the region. “We can say 
that the conditions for enabling wet snow 
avalanches are increasing in frequency and 
magnitude here. We can’t quite say we’re 
seeing a trend in wet snow avalanches just 
yet, but that time will come” says Daniel 
Fagre, an expert on mountain ecosystems 
at the Northern Rocky Mountain Science 
Centre in Glacier National Park, Montana, 
part of the US Geological Survey. Fagre 
and his colleague Erich Peitzsch, also 
based at the Northern Rocky Mountain 
Science Centre are now documenting these 
changes, using satellite imagery to capture 
any changes in activity along established 
avalanche paths through the mountains, 
and also using tree-ring records to compare 

present-day avalanche activity to that in the 
past in forested regions.

Sophisticated simulations
If avalanches are hard to document, they are 
even harder to predict. The formation and 
flow of an avalanche is complicated by how 
the snow interacts with both the atmosphere 
and the mountain topography. “How snow 
responds to the atmosphere is understood 
in general physical terms, but how that plays 
out on a landscape — every slope angle, 
every tree canopy interacting with little 
zephyrs of humidity and temperature — is 
very complex” says Fagre.

Scientists are now starting to make sense 
of these intricate dynamics. Traditionally, 
when scientists have modelled an avalanche, 
they have simply treated it as a uniform 
mass of tumbling snow, without considering 
how factors such as temperature and wind 
affect whether the snowpack stays loose or 
sticks together, for example. Now, computer 
simulations of avalanches are becoming 
much more sophisticated, in part thanks  
to some interesting experiments with a 
cement mixer.

These ‘granulation’ experiments 
were started at WSL in 2014 by Walter 
Steinkogler, now with Wyssen Avalanche 
Control in Canada. Steinkogler, who 
was working with Sovilla at the time, 
was interested in how snow of different 
sorts behaves in an avalanche, and in the 
characteristics that make an avalanche 
travel faster, or further. To figure this out, 
they put snow with various properties — 
cold, warm, dense, light — into a cement 
mixer, to recreate the tumbling motion of 
the avalanche12.

“Before this we thought maybe the 
density or some other characteristic 
was very important. We now know it’s 
the temperature — that is what makes 
the avalanche behave differently”, says 
Sovilla. What they discovered is that 
snow at a temperature of − 1.0 °C (which 
is considered warm) forms large and 
relatively stable particles, a process known 
as granulation. At lower temperatures, 
granulation doesn’t occur.

“We are good at mapping the cold 
avalanches but not these warmer ones” says 
Sovilla. They’re now working on improving 
their avalanche models, using data from 
experiments on-site in the Sionne Valley and 
in the laboratory, with the ultimate aim of 
predicting whether these warm avalanches 
will be serious enough to close roads 
through mountainous regions.

an emerging threat
The issue of forewarning also concerns 
others in the field, including Fagre, Peitzsch 

Granulated snow at the base of an artificially 
triggered avalanche in the Sionne Valley, 
Switzerland. Credit: Reproduced with permission 
from ref. 14, John Wiley and Sons.
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and Ballesteros-Cánovas, whose work has 
important implications for preventing 
avalanche-related accidents. “The worry 
is that wet avalanches represent a growing 
threat that people simply aren’t prepared for 
and don’t understand”, says Peitzsch.

Glacier Mountain Park has just one major 
through-road. From satellite imagery and 
aerial photography, Fagre can identify 48 
avalanche paths that could bisect this single 
road. In winter, ploughs regularly remove 
the protective snow cover on the mountains 
nearby, exposing the ground underneath. 
“If a wet avalanche then occurs, it can 

actually take out the retaining walls, the 
guard rails and the pavements and so these 
can be much more expensive to deal with”, 
says Fagre. A major transportation corridor 
also runs along the southern edge of the 
park, with a highway and a railway used to 
transport grain, crude oil and passengers. 
Avalanches regularly disrupt services, and 
in 2003 an avalanche derailed a train along 
this route.

In the western Himalayas, in the 
Indian state of Himachal Pradesh where 
Ballesteros-Cánovas conducted his 
research, the risk of damage is worsened 

by the fact that more people are both 
coming to live here and visiting as tourists. 
The road network is growing steadily to 
accommodate this, with the government 
now drilling one of the largest tunnels of  
the Indian subcontinent along the road to 
Leh, just 500 km north of New Delhi13.  
“For the medium term, two to three decades 
ahead, this is going to be a problem” says 
Ballesteros-Cánovas. Peitzsch shares these 
concerns for the United States. “People are 
just starting to wrap their heads around 
this”, he says “and the fact that it’s coming 
down the tracks”. ❐
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