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The dynamics of the large outlet glaciers in Greenland is 

attracting both scientific and political attention due to the 

possible implications of a rising global sea level. Extensive 

glaciological and meteorological monitoring programmes 

have been implemented to quantify and track changes in 

the ice sheet and local glaciers (Ahlstrøm et al. 2008). The 

dynamic processes controlling the flow of the outlet glaciers 

are complex and poorly understood, involving a wealth of 

parameters such as bed conditions, hydrology and meteoro-

logical conditions. It is desirable to obtain as many funda-

mentally independent data sets as possible to understand and 

eventually predict the behaviour of the outlet glaciers.

Some processes related to ice dynamics can be detected 

seismologically and thus completely independently from 

classical ice-monitoring techniques, such as satellite remote 

sensing, global positioning system (GPS) geodesy and auto-

matic weather stations. Detectable cryo-seismological events 

include high-frequency ice quakes (Anandakrishnan & Bent-

ley 1993; Harrison et al. 1993), calving events (O’Neel et al. 

2006; Nettles et al. 2008) and less well understood processes 

such as low-frequency glacial earthquakes (Ekstrom et al. 

2003; Nettles et al. 2008)) and glacial rumblings (Rial et al. 

2009). Changes in ice load along the margin of the ice sheet 

can lead to earthquakes from glacial rebound, and earth-

quakes can provide an independent constraint on ice mass 

redistribution (Johnston 1987; Stewart et al. 2000; Lund & 

Näslund 2009).

The Greenland ice sheet monitoring network (GLISN) 

project will monitor changes in glacier dynamics using a 

large broadband seismological network. The network will 

also improve the detection of tectonic earthquakes in Green-

land, thereby establishing a better baseline for local seismi-

city. The baseline will allow detection of future changes in 

seismicity caused by changes in ice load. It is the objective of 

the project to contribute significantly to understanding the 

dynamics of the Greenland ice sheet and glaciers by studying 

cryo-seismological processes.

Installing and operating a large real-time seismological 

network in Greenland is logistically complicated and expen-

sive. An international team consisting of researchers from 10 

institutions in 8 countries in Europe, North America and 

Asia are working together to meet this challenge (Fig. 1).

Glacial earthquakes and rumblings
Cryo-seismological events such as glacial earthquakes and 

rumblings can be linked to large-scale glacier dynamics. Gla-

cial earthquakes are produced at large outlet glaciers and ap-

pear to be associated with large calving events (Amundson et 

al. 2008; Nettles et al. 2008). However, the processes leading 
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Fig. 1. Map of broadband seismographs in Greenland. 1–4: permanent 

stations operated by GEUS in cooperation with other institutions. 5–7: 

long-term stations maintained by GEUS. 8–9: new GLISN long-term 

stations run by ETH (Switzerland). 10: a long-term station run by GEO-

FON (Germany). 11: a permanent station at Alert in Canada run by IRIS 

(USA). 12: a temporary station run by GEUS. 13–18: planned and funded 

new GLISN stations to be installed by IRIS and ETH. 
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to a glacial earthquake are still poorly understood, as are the 

changes in dynamics following an earthquake.

Glacial earthquakes are slow, low-frequency events that 

can be detected on seismographs worldwide. The vast ma-

jority of glacial earthquakes in Greenland occur at the large 

outlet glaciers in western and eastern Greenland (Fig. 1; 

Ekstrom et al. 2003). During a period with warmer than 

average temperatures in Greenland, a sharp increase in the 

number of glacial earthquakes has been observed (Ekstrom 

et al. 2006); during the same period there was no change in 

the number of observed tectonic earthquakes.

The glacial earthquakes can be registered at teleseismic 

distances, and the teleseismic signals are sufficiently strong 

to locate the earthquakes. However, the signals from glacial 

earthquakes are fundamentally different from the signals 

generated by tectonic earthquakes. The short-period signal 

from a 4.9 magnitude glacial earthquake is barely discernable 

on seismograms c. 1000 km away as shown in Fig. 2A. The 

data record has been filtered from 0.5 to 1.3 sec where P (pri-

mary) waves normally dominate the seismogram. Close to the 

epicentre of a glacial earthquake, the P wave is clearly visible 

(at Sødalen and Summit; Fig. 2A), whereas it requires sup-

porting stations to identify the signal at Danmarkshavn ap-

proximately 974 km away and the short-period signal is com-

pletely lost at Alert 1645 km away. For a tectonic earthquake 

of similar magnitude, the short-period P wave can travel many 

thousands of kilometres without being dissipated below the 

noise level. The longer periods in the signal from a glacial 

earthquake are not dissipated as rapidly as the shorter periods 

(Fig. 2B) and retain a good quality at teleseismic distances.

The higher-frequency waves generated by a glacial earth-

quake contain information about processes in and around 

the glacier during the earthquake. In order to understand 

the earthquake processes it is necessary to model waveforms 

recorded at local and regional distances where the full fre-

quency range is retained. This is currently only possible for a 

small portion of the glacial earthquakes occurring in Green-
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Fig. 2. A large glacial earthquake released by the Kangerlussuaq Gletscher (Fig. 1). The window shows 2 hours of data from four broadband seismographs 

in Greenland and Canada, located 113–1645 km from the earthquake. Station numbers refer to Fig. 1. The curves show vertical components band-pass 

filtered from 0.769–2.000 Hz (A) and 0.01–0.03 Hz (B). The glacial earthquake was registered from c. 02:00–02:15 UTC and had a magnitude of 4.9 on 

the Richter scale according to Ekstrom et al. 2003. In A the arrival of the P wave is marked by arrows on the two closest stations (Summit and Sødalen). The 

arrival of the P wave is commonly only visible at higher frequencies and at stations close by. The data from Sødalen are from a station that was in operation 

from 2000 to 2002.
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land, but with the implementation of the GLISN network 

the glacial earthquakes can be investigated in greater detail 

than today.

Glacial rumblings are slow, high-frequency events at the 

large outlet glaciers, and also appear to be related to calving 

that can be detected only at local to regional distances (Fig. 3). 

Rumblings have so far been described in only one publication 

for the Jakobshavn Isbræ (Rial et al. 2009), but can be found 

in data from other regions of Greenland as well. It has been 

postulated that up to 30% of the annual iceberg discharge 

from Jakobshavn Isbræ can be related to rumblings that are 

registered on seismographs (Rial et al. 2009), but it has not 

yet been possible to make a similar estimate for the glacial 

earthquakes.

The GLISN project will establish and run a dense net-

work that can capture events both at currently seismologi-

cally active glaciers and at glaciers farther to the north should 

the activity migrate northwards. The seismological signals 

may provide an early warning of changes in glacier activity.

Establishing the network
The aim of the GLISN project is to cover all of Greenland and 

surrounding areas with as regular a seismological network as 

feasible (Fig. 1). The stations will be upgraded to a common 

standard and will provide real-time data online. Stations situ-

ated in Greenland communities will transmit data by ADSL 

broadband, while data from the remote stations will be trans-

mitted by satellite, using the Iridium system. New sites are 

chosen to cover areas close to sites where glacial seismological 

events are known to occur, and to ensure monitoring of the 

whole of Greenland, so that changes in occurrence patterns 

such as a northwards shift can be detected. The main chal-

lenge is the operation of stations in remote areas, not least 

those on the Greenland ice sheet. Two sites on the ice sheet 

(sites 12 and 14; Fig. 1) will be equipped with surface seis-

mographs dug into the snow. Since these are quite sensitive 

to settling snow and loss of levelling, these sites will also be 

equipped with seismographs in 300 m deep boreholes, in 

which the seismograph is fixed to ice instead of snow making 

it more stable. The network upgrade and installation were 

initiated in 2009, and are planned to be completed in 2011.

International cooperation
GLISN is an international cooperation between Incorporated 

Research Institutions for Seismology (IRIS) in the USA, Geo-

logical Survey of Denmark and Greenland (GEUS), GeoFor-

schungsZentrum Network (GEOFON) in Germany, ETH 

Zürich in Switzerland, Istituto Nazionale di Geofisica e Vul-

canologia (INGV) in Italy, National Institute of Polar Re-

search (NIPR) and Japan Agency for Marine-Earth Science 

and Technology (JAMSTEC) both in Japan, NORSAR in 

Norway and Geological Survey of Canada (GSC). The group 

is open and other participants are welcome.

The operation of broadband stations in Greenland builds 

on work by GEUS (Dahl-Jensen et al. 2003). The contribu-

tion from GEUS to establish GLISN is the existing network, 

consisting of four permanent and four temporary stations, 

which has been in operation for up to a decade. Since 2002, 

our German colleagues have operated the only long-term sta-

tion on the ice sheet at Summit Camp (station 10, Fig. 1), 

which is now also part of GLISN. Our Swiss colleagues in-

stalled two new GLISN stations in north-western Greenland 

in 2009 and will add one more in 2010. Furthermore, our 

colleagues from the USA have obtained a three-year grant 

from the National Science Foundation, providing the bulk 

of the funding for the project. This grant allows installation 

of five new stations and upgrading of the existing stations to 
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Fig. 3. Rumbling from Jakobshavn Isbræ observed on the broadband seis-

mograph at station 1 (Fig. 1). The window shows 20 minutes of seismic 

data that have been band-pass filtered from 5 to 9.9 Hz. The glacier rum-

bling was observed from c. 12:41 to 12:44 UTC and is described by Rial et 

al. 2009. On our local scale the event was of magnitude 2.1.
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meet the technical standards for equipment and installation 

agreed for GLISN – including provision of real-time data. 

Expected outcome
With GLISN we seek to increase our understanding of the 

processes governing the ice sheet and the dynamics of the 

outlet glaciers. The complex processes and dynamics must be 

studied from different angles, such as satellite data acquisition 

and geodetic and glaciological observations. Seismology, and 

thus the ability to detect events deep within and below the 

ice, is a new player in this field, raising many new questions.

Local seismicity in Greenland has not been addressed in 

detail for many years (Gregersen 1989; Dahl-Jensen 1984). 

However, increasingly detailed data have been gathered since 

2000 (Dahl-Jensen et al. 2003) and data acquisition is rap-

idly increasing after the inauguration of GLISN. The pres-

sure from ice sheets usually dampens earthquakes beneath 

the ice (Johnston 1987; Stewart et al. 2000; Lund & Näs-

lund 2009). If the ice sheet thins and retreats in the future, 

the frequency of earthquakes related to glacial rebound will 

probably increase. Seismology is thus a tool to detect changes 

in the pressure on the subsurface due to climate changes.

GLISN also allows the continuation and expansion of the 

use of tectonic earthquakes to investigate the structure of the 

Greenland crust, lithosphere and upper mantle in increasing 

detail (Dahl-Jensen et al. 2003; Darbyshire et al. 2004; Ku-

mar et al. 2005, 2007; Larsen et al. 2006; Ucisik et al. 2008).
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