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HARNESSING CITIZEN
SCIENCE TO COLLECT
A BLIZZARD OF DATA
Alongside his collaborators, Dr Gabriel Wolken of the University
of Alaska Fairbanks and the Alaska Division of Geological &
Geophysical Surveys has pioneered citizen science to collect
data on snowfields in the largest state of the USA. As rising global
temperatures are altering snowfall and melting patterns, such
critical data will enable scientists to understand the broad effects
of these changes in mountainous areas, potentially allowing us to
mitigate damaging impacts on people and wildlife.

Changing Snowscapes
Few things are as beautiful as a towering
mountain range, rugged slopes climbing
to dizzying heights where snow-capped
peaks nestle amongst wind-whipped
clouds. Yet one of the key components
of this image, snow, is increasingly
under threat. Global temperatures are
steadily rising due to our greenhouse
gas emissions, playing havoc with the
regular snowfalls and melting patterns
of former times.
These disruptions are a serious concern,
as snow is a vital part of the regional
ecology in many parts of the world.
Deposited in thick sheets during
winter, snow gradually melts over the
spring and summer and feeds the
glaciers, rivers, streams and lakes of
the surrounding area. Gradual melting
supplements rainfall, providing a
consistent source of water for local
plants, animals, people, and the
resources upon which people depend.
Rising global temperatures bring with
them less snow cover, reduced snow
depth, and shorter, warmer winters.
This means less snow in the mountains
and faster melting once spring begins,

which leads to a rapid pulse of water
careening down the streams and rivers
instead of a consistent trickle. In some
areas, this makes for long summer
months without water – a dangerous
situation for wildlife, farmers, fisheries
and communities that depend on
hydropower.
Despite its importance, understanding
the melting process is a challenge for
scientists. The melting process is based
on a number of interacting variables
that are difficult to model. Snow may be
deeply packed in one area, exposed to
harsh winds and reduced in another, or
even hidden in a dark, cool crevasse and
preserved in a third. In order to make
accurate predictions, allowing policy
makers to make effective decisions
when it comes to mitigating the impacts
of future warming, scientists need
accurate data of the entire snowpack in
a given region. Satellite imaging, radar
returns and measuring differences in
local gravity have been used to assess
snowpack – all of these methods
provide usable data, but each has its
own limitations.
One of the most basic ways to measure
snow depth is, well, to poke it with
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a stick and see how deep it is. This
direct measurement of the snowpack
provides very accurate data, free from
the inferences that need to be made
when interpreting satellite or fly-by
data. However, there are only so many
climate scientists, a lot of snow to be
measured, and very few reliable roads
to get around. ‘Monitoring snow in the
mountains is very difficult, because

‘Submissions by citizen scientists have dramatically reduced snow
distribution model error, which greatly improves our ability to estimate the
amount of snow in the areas that are being modelled.’
CREDIT: Joe Klementovich

the amount of snow can change
considerably over short distances, while
the rough terrain makes access difficult,’
says Dr Gabriel Wolken of the University
of Alaska Fairbanks and the Alaska
Division of Geological & Geophysical
Surveys.

no surprise that Dr Wolken and his
collaborators saw them as natural
partners in their research, a body of
‘citizen scientists’ – those who may not
have formal training in the field but
who are interested in taking part in the
research process.

To solve this problem, Dr Wolken
and his colleagues turned to crowdsourced observations and a team of
citizen scientists, in a project known as
Community Snow Observations, or CSO.

The idea of recruiting local volunteers
for this purpose came from an earlier
set of measurements performed from
an aeroplane. Dr Wolken had asked a
number of back-country enthusiasts
to cross-check the results they had
obtained, and so many skiers and
snowmobile drivers spent the day
travelling in every direction, measuring
snow depth and recording their location
using GPS. ‘We ended up getting so
many more measurements than we
could with just a science team,’ says Dr
Wolken. If this was possible in just one
day, he and his colleagues reasoned,
what could be done with a more
permanent and holistic approach? To
answer this question, Dr Wolken and
his colleagues successfully applied for
funding from NASA.

A Snow-Loving Crowd
Alaska is full of towering mountains,
snowy fields, and pristine forests. All
of these combine to make it a winter
paradise, and many Alaskans spend the
cold months cruising around on skis or
snowmobiles, often venturing out into
isolated back-country areas.
These enthusiasts represent a fantastic
resource for time-strapped climate
researchers – they travel long distances,
reach very high elevations and are
naturally quite interested in continuing
their favourite hobby. This takes them
directly into the areas of the snowfields
where data is scarce. It is perhaps

No method is perfect, of course, and
citizen science research has some
extra difficulties involved. The choice
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of routes taken and sample locations
is naturally up to the volunteers
themselves, which means that some
locations may be poorly covered. There
is also the challenge of training people
to take accurate measurements – what
seems easy in a YouTube video is a lot
harder out on the freezing mountaintop.
To avoid these problems, Dr Wolken
and his colleagues decided to
develop a simple, rapid method for
making observations, as part of their
Community Snow Observations
program. They focused on snow depth
and set out to make the process of
reporting data as easy as possible.
This was achieved by partnering with
the developers of Mountain Hub, a
community-focused app which brings
live updates from outdoor enthusiasts
together into one central location.
Available for free on both Apple and
Android smartphones, this app provides
maps of back-country areas and allows
users to upload information about
trail conditions. In collaboration with
Dr Wolken, the Mountain Hub group
included the ability for app users to
provide snow depth information.

How does this work? Most back-country snow-goers carry
an avalanche probe – a long, foldable pole which allows you
find buried people in the loosely-packed snow following an
avalanche. The volunteers take three measurements within
a one-metre circle, calculate the average, and then enter this
information into the Mountain Hub app. The app automatically
includes their location and these data are sent in to a central
server as soon as a wireless connection is established.
Drifting Back to Reality
This all sounds rather clever, but does it actually work? Yes,
and quite well. Initial tests were performed using volunteer
measurements from the Thomson Pass region near Valdez,
Alaska. The pass is the snowiest area in Alaska, and a
popular location for skiers, snowboarders, and back-country
enthusiasts. Over the course of 2017, citizen scientists
performed a number of depth measurements at widelyscattered locations across the snowfield. They then uploaded
the data using the Mountain Hub app.
Dr Wolken and his colleagues then incorporated the snow
depth data into a mathematical model to simulate the
snowpack. This model uses climate data to create an estimate
of the overall depth of snow and the ‘snow water equivalence’,
which is essentially the amount of water you would get if all of
the snow melted at once.
As Dr Wolken explains: ‘The model performs very poorly in
mountainous areas that lack well distributed, continuous
observations from weather stations.’ This is where the
community observations came in useful. By using the collected
snow depth values as ‘anchor points’, the team was able to
merge the calculated depth values of the model and the actual
measured values from the volunteers. This provided a reference
point for the computer simulation, dramatically reducing the
amount of error in the numbers it spits out. This allows the
researchers to make far more accurate predictions about the
behaviour of the snowfield than they could without the help of
the volunteers.
‘Essentially, when a new snow measurement is submitted,
the difference between the model-predicted depth and the
measured depth is used to steer the model back towards

reality,’ explains Dr Wolken. ‘Submissions by citizen scientists
have dramatically reduced snow distribution model error,
which greatly improves our ability to estimate the amount of
snow in the areas that are being modelled.’
The Future
For their next steps, the researchers hope to recruit even more
citizen scientists into the measurement process. The number
of new measurements each year is naturally dependent on
the number and enthusiasm of the volunteers themselves.
However, early signs are promising, as the researchers report
that they now have thousands of measurements from across
North America.
The Mountain Hub app is used by outdoor-lovers across the
globe and so allows snow depths to be registered anywhere in
the world. The community has taken up this challenge, and the
researchers have reported hundreds of data points coming in
from such far-flung locations as Kazakhstan, Iceland, Antarctica,
Hawaii and Svalbard near the North Pole.
The next step is to improve the overall community outreach,
in particular trying to show volunteers just how their
measurements are being used. To do this, Dr Wolken and his
colleagues have made their data available to anyone, free
of charge. Beyond this, Dr Wolken and his colleagues intend
to expand the incentives for the citizen scientists. Although
helping the project is voluntary, few people complain when
they receive extra recognition or a few goodies. Thus, the
scientists have begun to recognise consistent helpers as
‘ambassadors’, as well as organising free giveaways of snowrelated equipment.
The Community Snow Observations program has already
shown its worth within just a few years of operating. The
additional data gathered by the volunteers allows the
researchers to more accurately model the snowpack and
its eventual melting. Thanks to the efforts of Dr Wolken and
his team, we now have the chance to understand how snow
distribution might change with continued changes in climate,
and the resulting impacts on hydrological systems, glaciers,
ecosystems, and hazards such as avalanches.
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