
Proceedings of the HYDRALAB III Joint User Meeting, Hannover, February 2010 
 

 

 

 
 
 

ICE TANK EXPERIMENTS HIGHLIGHT CHANGES IN ARCTIC SEA ICE REGIME 
 

The RECARO Consortium (1) 
 

(1) Co-ordinator: Jeremy Wilkinson,  
Scottish Association for Marine Science, UK. E-mail: jpw28@sams.ac.uk 

 
 

The extent of ice cover in the Arctic Ocean has been reducing rapidly in recent years. 
According to future predictions the extent of open-water at the end of the melt season will 
continue to increase. How will the increase of open-water impact the sea ice formation 
regime?  Will the Arctic move more towards an Antarctic system of ice formation?  If so this 
will significantly change the evolution process of sea ice, its rate of growth as well as its 
influence on the structure of the surrounding water column through increased rate of the 
expulsion of brine during ice formation.  These important questions are difficult to address 
completely through dedicated field campaigns, in part due to logistical difficulties.  Many of 
the challenges of a field campaign can be avoided by conducting focused experiments in a 
purpose-built temperature-controlled laboratory.  These facilities allow insight into the basic 
physical processes by providing control over environmental variability which can not be 
done in the field.  This paper presents an overview of the experiments performed in the 
Arctic Environmental Test Basin that were aimed at answering these questions. 

 
 
1. INTRODUCTION 

In recent years it has become clear that the Arctic sea ice is undergoing a fundamental change.  Over 
the past fifty years, the Arctic Ocean has experienced a progressive decrease in the extent of sea ice, in 
the thickness of sea ice (Rothrock et al., 1999) and in the amount of perennial ice (Maslanik et al., 
2007).  More recently, the rate of retreat has increased rapidly.  In the last 10 years, the rates of decline 
in the extent and area of both seasonal and perennial sea ice over the entire Arctic region have shifted 
from about 2.5% per decade to over 10% per decade (Comiso et al., 2008).   

As the rate of retreat has accelerated, the gulf between satellite observations and the ensemble 
mean ice extent predicted by the IPCC models (Stroeve et al., 2007) has grown.  With the summer 
2007 minimum ice cover of just 4.1 million square kilometres (Stroeve et al., 2008), observations are 
now more than two standard deviations lower than the predictions of the latest IPCC report (IPCC, 
2007). While this might partly be explained by the very high internal variability of the Arctic climate 
system, the magnitude of the deviations strongly suggest that the existing coupled climate models are 
unable to adequately parameterise the Arctic sea-ice cycle and associated feedback mechanisms.  In 
this article, we present an overview of a series of laboratory experiments that focused on improving 
the representation of new ice formation in such models, especially with respect to the change in the 
growth regime that sea ice will be experiencing in an Arctic ocean with a much reduced ice cover.  
 
2. BACKGROUND 

In order to understand why the Arctic Ocean might be moving into a different ice growth regime, it is 
useful to briefly outline the feedbacks between sea ice, atmosphere and ocean waves.  Wind blowing 
across the ocean surface produces waves; whether it is in the form of small wind ripples or ocean 
swell.  The amplitude, speed and period of these waves is a function of the direction, strength and 
duration of the wind as well as the distance of open water the wind blows over (the fetch).  Sea ice is 
very efficient at damping high frequency waves, such that even a thin layer of frazil will eliminate 
surface ripples.  In the past, the fetch in the Arctic Ocean has been limited due to the presence of a 
perennial ice cover, and consequently the waves generated have been skewed towards the higher end 
of the frequency spectrum (Wadhams, 2000).  These higher-frequency waves are quickly attenuated 
by the small so-called frazil ice crystals that form in the open water at the onset of freezing, leaving a 
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quiescent ocean surface, which facilitates the freezing together of frazil crystals into a continuous ice 
sheet, forming a rather smooth, continuous sheet of so-called columnar sea ice. This unbroken ice 
sheet forms an insulating barrier between the ocean and atmosphere and subsequent ice growth 
continues more slowly. Until recently the area of open water within the Arctic Ocean was limited, with 
a considerable region being ice covered even during the summer months.  However this picture is 
changing and the amount of open water present at the onset freeze-up is increasing.  These changes are 
likely to influence the processes that control the formation of Arctic sea ice and its evolution in to a 
solid ice cover.  It is essential to understand the processes behind these changes and their influence on 
the ocean, atmosphere and cryosphere if we are to accurately model ice formation processes with in 
the Arctic Ocean.  

In the Antarctic a different ice formation process is dominant, the frazil-pancake ice-ice sheet 
cycle, due to differences in the ocean wave field impinging on the ice edge.  The fetch in the Southern 
Ocean is large and therefore higher amplitude waves with longer periods are generated.  Whilst the 
higher frequency waves are still attenuated soon after entering sea ice, the longer period waves are 
able to propagate many hundreds of kilometres into an ice field.  Under the motion of these longer 
period waves, frazil can not consolidate into a continuous ice sheet but coalesces together to form 
small, rounded ice pieces known as pancake ice (Lange et al., 1989).  It is assumed that pancake ice 
size is a function of the wave length and amplitude of highest frequency present in the incoming 
spectrum. As a result, the diameter of a pancake increases with distance from the ice edge.  
Furthermore, the duration of each stage in this cycle, (frazil, pancake and ice sheet), is dependent on 
the amount of energy within the wave spectrum.  The reduction of ice within the Arctic has led to 
greater fetch, which suggests that the system should be moving away from ice generation via the 
frazil-ice sheet process and towards the frazil-pancake-ice sheet process. 

In a future Arctic Ocean with a much reduced ice cover, the fetch will become much larger, 
generating higher amplitude waves with longer periods. Whilst higher frequency waves are still 
attenuated soon after entering sea ice, the longer period waves are able to propagate many hundreds of 
kilometres into an ice field. The frazil crystals can no longer consolidate into a single closed ice sheet, 
but rather form pancake ice. Up to now, only relatively little is known about the detailed physics of 
pancake formation, as well as about their impact on feedbacks between the ice and the ocean. The 
reason for this lies mostly in the fact that it is extremely difficult, if not impossible, to obtain detailed 
insights through dedicated field campaigns; environmental challenges and the logistical costs would be 
prohibitive. Therefore, we carried out focused experiments in a purpose built temperature controlled 
laboratory, examining what the impact of the transition from a frazil–ice-sheet cycle to a frazil–
pancake–ice-sheet cycle will be in a future Arctic Ocean.  The experiments allow us to gain insight 
into a large variety of questions relating to the different regimes of ice formation: 

 
Ice Growth: Wind-wave induced frazil ice formation produces greater volumes of ice than ice grown 

under quiescent conditions.  What are the expected growth rates of each new ice type? 
Brine Drainage:  The natural result of enhanced ice formation will be enhanced salt release into the 

underlying ocean, which will influence the stability of the mixed layer.  Fieldwork suggests 
that additionally pancake ice lose salt much more rapidly than conventional ice sheets, 
dropping to 5-7 psu within days of being formed.  What are the brine expulsion rates for each 
ice type? 

Pancake-ice formation: What are the factors that control the evolution of frazil to pancake and what 
controls the size of the pancakes? And how will this influence the albedo of the ice sheet and 
the exchange of gas, heat and momentum between the ocean and the atmosphere? 

Mechanical strength:  An ice sheet formed from pancake ice will have a different crystal structure 
(randomly oriented due to its origin being a thick frazil layer) to that formed from ice grown 
under calm conditions (elongated columnar crystals).  How will this different crystal structure 
influence the strength and hence stability of the ice sheet in its initial stages? 

Wave attenuation:  Increase in open water will lead to change in the wave spectra which will influence 
both new ice formation and the enhanced break-up of ice in the melt season.  How will the 
change in the wave field influence the new ice formation regime? 
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3. THE FACILITY 

To answer these questions, we carried out a series of experiments in one of the world’s largest 
refrigerated Arctic Environmental Test Basin (AETB, length: 30m, width: 6m), situated in Hamburg, 
Germany (www.hsva.de). Access to this facility was provided by the European Commission’s 
Integrated Infrastructure Initiative. Some of the projects previously performed at HSVA have 
concentrated on sea ice processes (e.g. Eicken et al., 1998; Haas et al., 1999) and as such the facility 
and their staff are familiar with the needs of the scientific community.   
 
4. THE EXPERIMENTAL LAYOUT 

In order to understand the influence a change in the ice formation regime may bring about, an 
experimental layout that simultaneously encompasses both quiescent ice growth (frazil−ice sheet 
cycle) and wave-induced ice growth (frazil−pancake−ice sheet cycle) was needed.  To provide for 
these scenarios, the AETB was subdivided into 3 separate tanks.  The first tank, Tank 1, was a 
turbulence-free zone which represents the formation of sea ice in a quiescent environment.  The other 
two tanks, Tanks 2 and 3 represented the possible new formation scenario, i.e. ice formation under a 
wave-dominated environment.  These two tanks were identical in size, but each had a separate wave 
maker and ended in a raised beach in order to limit the wave reflections.  All tanks were isolated from 
each other by sealed wooden barriers.  A schematic of the tanks can be seen in figure 1. Within each 
tank a number of different sensors were placed and simultaneous measurements obtained.  These 
included  

• oceanographic sensors: temperature, salinity, turbulence and wave field;  
• meteorological sensors: air temperature, humidity and air pressure;  
• cryospheric sensors: ice thickness, concentration, crystal structure, salinity and brine content, 

optical properties and ice strength.  
 
5. MEASUREMENT PROGRAMME 

A comprehensive automated measurement programme enabled the atmospheric, oceanographic and 
cryospheric parameters to be constantly sampled throughout the experimental programme.  These 
automated measurements were amended by a thorough hand-sampling programme.  The measurement 
programme in both Phase 1 and Phase 2 is summarized in Table 1. 
 

Figure 1.  Experimental layout of the AETB for the 
RECARO research programme. Examples of 
measurements made include a) Infrared image of 
developing pancake ice, b) measuring the frazil ice 
layer, c) Ultrasonic sensors (circled) over pancake ice, 
d) movable CTD, e) optical experiment in the 
quiescent tank (Tank 1), f) in-tank CTD.  
 

Table 1. Summary of the measurements in 
both Phase 1 and Phase 2 of RECARO 

 Phase 1 Phase 2 
Tank 1 Oceanographic 

• Salinity and temperature  
• Temperature chain 
• Turbulence  

Cryospheric 
• Ice thickness draft and freeboard  
• Sea ice salinity  
• Crystal structure  
• Bending strength 

Irradiance 
• 4 sunlight-lamps. 
• 3 TriOS spectral sensors.  

 

Oceanographic 
• Salinity and temperature  
• Temperature chain 
Cryospheric 
• Ice thickness draft and freeboard  
• Sea ice salinity  
• Crystal structure  
• Bending strength 
Irradiance 
• 4 sunlight-lamps. 
• 3 TriOS spectral sensors.  
 

Tank 2 Oceanographic 
• Salinity and temperature  
• Temperature chain 

Cryospheric 
• Ice thickness, draft and freeboard  
• Sea ice salinity  
• Crystal structure  
• Bending strength 
• Infra-red Camera 

Wave field 
• Pressure transducers 

 

Oceanographic 
• Salinity and temperature  

Cryospheric 
• Ice thickness, draft and freeboard 
• Sea ice salinity  
• Crystal structure  
• Bending strength 

Wave field 
• Pressure transducers 

 

Tank 3 Oceanographic 
• Salinity and temperature  

Cyrospheric 
• Ice thickness, draft and freeboard  
• Sea ice salinity  
• Crystal structure  
• Bending strength 

Wave field 
• Pressure transducers 

 

Oceanographic 
• Salinity and temperature  

Cyrospheric 
• Ice thickness, draft and freeboard 
• Sea ice salinity  
• Crystal structure  
• Bending strength 
• Infra-red Camer 

Wave field 
• Pressure transducers 
• Ultra-sonic sensors 

 
Atmospheric Wind speed and direction, humidity, air 

temperature 
Humidity, air temperature 
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6. FUTURE DIRECTIONS 

From these series of experiments we have the data available to improve our understanding of the 
processes behind the two different ice formation regimes as well as their respective influences on the 
ocean and atmosphere.  Whilst we cannot expect to understand all aspects of these regimes the 
knowledge gained should lead to a better understanding of the development of sea ice in the Arctic 
Ocean during freeze-up, especially the optical and physical properties of new ice types, the associated 
brine drainage, and sea ice wave dynamics.  The knowledge gained from these experiments, we hope, 
will lead to the incorporation of these ice regimes and associated parameters into future coupled 
models.  When the first results were published (Wilkinson et al., 2009) they were picked up by a 
reporter from the scientific journal Nature. This resulted in a scientific article being published, 
(http://www.nature.com/news/2009/090323/full/news.2009.183.html), in which the RECARO’s 
findings were highlighted to the global community. Consequently this led to numerous media articles 
and blogs being published which also highlighted this change in sea ice types. 
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