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Operational ocean monitoring and forecasting systems, such as MERSEA-IP, (2005-2008, 
http://www.mersea.eu.org/) and MyOcean (2008-2011), combine observations from different satellite remote 
sensing techniques and in-situ open ocean measurements (mainly Argo floats and moorings) with ocean 
circulation models through advanced assimilation techniques. In the Arctic Ocean, however, the internal 
water-masses, circulation and seafloor are largely unknown due to lack of observations. Development of an 
Arctic Ocean Observing System (AOOS) is still hampered due to significant lacks in technology and 
investment.  
The objective of the two European projects DAMOCLES-IP and ACOBAR is to develop and test new 
technologies to measure ocean and sea ice to obtain new knowledge of the Arctic Ocean environment, and to 
contribute to the development of a future Arctic Ocean Observation System (AOOS). This includes the 
implementation of an ocean acoustic system for acoustic tomography and navigation of gliders in the Fram 
Strait. While tomography is superior to the glider technology in temporal resolution, the glider provide ocean 
data at a much higher spatial resolution. A region with strong mesoscale activity as in the Fram Strait 
requires both high temporal and spatial resolution of the observations. Therefore, our goal is to establish an 
integrated data and model system combining acoustic tomography, gliders, point measurements and ice-
ocean modeling thorugh data assimilation techniques to improve the accuracy of the heat, mass and 
freshwater transport estimates through the Fram Strait. 

Acoustic tomography provides measurements of acoustic travel times between acoustic sources and 
receivers. Through inversion techniques, internal ocean temperature can be retrieved at an accuracy of 
0.01°C over a 200 km distance (Munk et al. 1995, Dushaw et al, 2009 a). Acoustic tomography systems in 
Arctic regions have been developed and successfully tested in ice covered regions such as in the Greenland 
Sea Experiment in 1988-1989 (Worcester et al. 1993), in the 6 year long Labrador Sea tomography 
experiment (Avics et al., 2005), in the Trans-Arctic Acoustic Propagation Experiment (TAP) (Mikhalevsky 
et.al. 1999), and in the 14-month long ACOUS (Gavriliov and Mikhalevsky, 2006).  

In OceanObs'99, key areas appropriate for tomography such as the Strait of Gibraltar and the Fram Strait 
were identified (Bold et al. 1999).  The first step to develop and implement tomography observing system in 
the Fram Strait started under the DAMOCLES project (2005-2010). A source mooring and a receiver 
mooring were deployed for one year in August 2008 (Sandven et al. 2008). The two moorings are separated 
by 130 km and aligned along 78 30 N. In 2010, under the ACOBAR project, the Fram Strait acoustic system 
will consist of 3 acoustic transceiver moorings in a triangle configuration with a receiver mooring in the 
middle (Sagen et al. 2008a), see Figure 1. Each of the sources will produce broad-band acoustic signals for 3 
D tomography and standard narrowband 260 Hz RAFOS signals for navigation purposes. 

Because of the integral nature of the data, tomography is best employed in conjunction with numerical ocean 
models and data assimilation (ATOC 1998, Worcester et al. 2005, Dushaw et al, 2009 b). The acoustic travel 
times provide by definition spatially integrated temperature where meso- and small-scale variability is 
suppressed. In the same way, precise measurements of average current can be determined from the 
difference between reciprocal travel times produced by simultaneous transmission of acoustic pulses in 
opposite directions along an acoustic path. Assimilation of integrated ocean parameters derived from 
acoustic thermometry and tomography into ocean circulation models was originally recommended by Munk 
et al, (1995). Assimilation of acoustic travel times into the TOPAZ ocean data and model system is under 
development (Sagen et al 2008b).   

Use of gliders and floats have recently become important platforms for oceanographic data collection. While 
floats drift passively with the current, gliders can be remotely steered by an operator via satellite 
communication when they are at the surface. Gliders have no propulsion and therefore low energy 
consumption, allowing operation for more than 6 months over a distance of more than 3000 km. (Griffiths et 
al. 2007). In ice-covered areas gliders and floats cannot rise to the surface to use satellite based navigation 



(GPS) and data telemetry via IRIDIUM and ARGOS. In In 2008 a glider operated for 2.5 months in the ice-
free part of the Fram Strait (for more information visit http://acobar.nersc.no).  

In order to operate underwater platforms in ice-covered regions, it is necessary to develop acoustic 
navigation and telemetry systems. The need for a mid frequency acoustic navigation system for gliders and 
floats in selected Arctic regions coincide to a large extent with the requirements for the acoustic 
tomography/thermometry system. The first under-ice operation of a glider using 780 Hz narrow banded 
RAFOS sources was done by Craig Lee (Applied Physics Laboratory, Seattle, USA) in the Davis Strait in 
2008 (Dickson, 2008). A similar approach will be used in the Fram Strait using acoustic signals provided by 
the triangular net of acoustic sources under the ACOBAR project. 

 
Figure 1 (to the left). The moored ACOBAR observatory 
(tomography and oceanographic) in Fram Strait (right panels). 
In addition to moored instrumentation, profiling gliders 
capable of under-ice acoustic navigation will be employed. The 
right lower panel shows positions of moorings overlaid on the 
temperature distribution in Fram Strait where red is warm 
water and blue is cold water. 
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