Alaska's ‘Ice-Quake' Record Could Shake Up Climate Science
by Marianne LaVelle
May 2, 2014 – The sensors tracking earthquakes in the most seismically active U.S. state are also recording glacier activity.  Scientists are just beginning to grasp the potential for future climate research.
For years, analysts at the Alaska Earthquake Center, while tracking about 100 temblors a day in the most seismically active U.S. state, have dutifully filtered out some of the Earth-shaking events that trip the sensors.  The analysts would mark these distinctive readings with the letter, "G," for "glacier."  The readings, considered a curious by-product of the effort to track earthquakes, were from calving glaciers.  Some registered as high as magnitude 3.
Now, Alaska's state seismologist Mike West, the center's director, argues that this data is a valuable record that could yield new understanding on climate change.  In a presentation Thursday at the Seismology Society of America's annual meeting in Anchorage, West showed that long-ignored data within the state's earthquake records faithfully capture dynamic change occurring above ground: ice breaking off of glaciers and falling into water, the phenomenon known as calving.
Cannonballs into a Pool
Some calving occurs quietly; ice can slip off a glacier beneath the water without generating seismic waves.  But when blocks of ice topple off the front of glaciers into the water, much like swimmers doing cannonballs into a pool, the impact resonates and is picked up by sensors.
"It turns out to be a spectacular data set in its own right," he said.  "We have many years of records of these activities at these glaciers – winter versus summer, glacier 'X' versus glacier 'Y' – all kind of sitting there."
It may seem incredible that atmospheric change can be measured below ground, but seismic sensors record all types of surface movement.
Sensors have captured several thousand so-called "ice-quakes.”  Hundreds happen annually along the south-central coast of Alaska, where glaciers reach the sea.  Records at the center, located at the University of Alaska, Fairbanks, date back to the 1970s, when seismologists first recognized that calving glaciers created unmistakable seismic signals hundreds of kilometers away, West said.  But after the Alaska earthquake network's hardware was upgraded in 2007, the number of ice-quakes picked up by the sensors increased.
"We have a half-dozen years of really high-quality glacier data," West said.  "We're in the early stages of being able to look [at what has happened] over a period of years."
Glacier seismology is a relatively new area of science, but interest has been growing in the possibilities for detecting the extent of global warming's impact in the vibrations it causes beneath the Earth's surface.
Atmospheric Measurements, from Below Ground
It may seem incredible that atmospheric change can be measured below ground, but seismic sensors record all types of surface movement – even delineating day from night, or weekends from weekdays when placed near cities.  "It doesn't matter if it's an earthquake, or a train going by, or an animal, or a nuclear explosion, or glaciers," says West.  "Our sensors don't know any better – they just measure how the ground shakes."
Colorado, Boulder detailed the seismic signals produced at the rapidly retreating Columbia Glacier in Alaska in 2007.  
West singled out Columbia as the best example to date of an Alaska glacier with a clear change in ice-quake production in recent years.  After it retreated into shallow waters and became grounded in 2009 and 2010, the end of the glacier rose high enough above sea level that it led to "tall icebergs that fall over, smacking the water" – and a corresponding increase in seismic signals.
Opening Up Possibilities
West's new findings are different from previous studies where scientists instrument and study a single glacier in a targeted way.  His research opens up the possibility of tracking what is happening over all of Alaska, one of the most dynamic glaciated regions of the world.
The 2 branches of geology have not fully recognized the potential ways their research could intersect.
Alaska is the most glaciated U.S. state, with glaciers covering about 29,000 square miles, about 5% of its surface.  More than 99% of the state's low-lying glaciers are retreating.
"The ability to routinely monitor calving events is a new approach," said Bruce Molnia, research geologist with the U.S. Geological Survey, who has written extensively on Alaska's glaciers and has documented their change over time.  He noted that the equipment to track the seismic signals from calving glaciers is expensive, and it's necessary to have a number of sensors in place – as the Alaska network does – because to pinpoint the location of a calving, glacier scientists have to triangulate data from several sensors.  "And most people who have the equipment are more focused on bigger seismic events," said Molnia.  "But the data is there."
Only a subset of glaciologists have focused on the potential of seismology to inform their research, while the vast majority of seismologists are focused on tectonic and volcanic events.  The 2 branches of geology have not fully recognized the potential ways their research could intersect.
Warnings for Shipping
Molnia said a system for such tracking of glaciers could provide important warning for shipping in the region, as calving, and the formation of icebergs, increases.
Calving – which can occur in lakes and rivers, as well as the sea – is a complex phenomenon, and alone it is not an indicator that a glacier is retreating.  Some of Alaska's glaciers, in fact, have retreated so far from the sea that they no longer calve.  Molnia noted a few glaciers that are advancing have significant calving activity – most notably, Hubbard Glacier, with growth fueled by a massive mountain catchment area.  
Seismic study is one way that scientists might better understanding the complex impact of climate change in this icy landscape.
The next few years will provide a unique opportunity for such tracking.  Beginning this year, a National Science Foundation-funded project will deploy up to 294 high-quality seismometers in Alaska in a program called Earthscope USArray.  This transportable array has migrated across the continental United States over the past decade, in an effort to gain new understanding of seismic activity.  Now, it is being deployed to Alaska, with more earthquakes each year than the 48 lower states combined.
Capturing the Imagination
West says it will mark a "very significant upgrade" in ability to track seismic activity in Alaska, especially in remote areas, like the Brooks Range mountains in the north, that did not previously have much instrumentation.  At Thursday's meeting, West wanted to make sure his colleagues considered the contribution that seismology can make to understanding of climate change in the Last Frontier state.  "In the public's eye, radical change in a glacier – or a glacier that doesn't exist anymore – is a lot more tangible than a half-a-degree change in global temperature," he said.
The latter is very significant, he added.  But "it doesn't capture the imagination the way that glacier change does.
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