
Methods of Evaluating Arctic Sea-Ice Distribution 

and Thickness for Arctic Shipping  

- How is the ice cover defined? 

- How are the measurements obtained and interpreted? 

- What are the implications for shipping? 
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How does sea ice affect shipping operations? 
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Å Structural damage 

Structural damage due to interaction with ice 



How does sea ice affect shipping operations? 
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Ice-going vessel 

Icebreaker; Ice-breaking cargo vessel 

Å Structural damage 

Å Increased resistance (fuel consumption) 

Icebreaker escorting convoy of ice-going vessels 

Brash ice channel 



Sea ice terminology 
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Parameters used to define ice conditions in an area: 

C < 1/10 

(open water) 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

 



Sea ice terminology 
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1/10 < C < 3/10 

(very open drift) 

Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

 



Sea ice terminology 
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4/10 < C < 6/10 

(open drift) 

Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

 



Sea ice terminology 
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7/10 < C < 8/10 

(close pack) 

Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

 



Sea ice terminology 
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9/10 < C < 10/10 

(very close pack) 

Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

 



Sea ice terminology 
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C = 10/10 

(consolidated ice) 

Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

 



Sea ice terminology 
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Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

Å Ice thickness (T) ï undeformed (level) ice + deformed ice (ridging, rafting) 

     (difficult to estimate using remote sensing techniques) 

 

Formation of an ice ridge 

Ice field containing deformed and undeformed ice 



Sea ice terminology 
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Parameters used to define ice conditions in an area: 

Å Ice concentration (C) ï amount of ice in a given area 

     (fairly simple to estimate using remote sensing techniques) 

Å Ice thickness (T) ï undeformed (level) ice + deformed ice (ridging, rafting) 

     (difficult to estimate using remote sensing techniques) 

Å Form of ice (floe size) ï Ice floe is any relatively flat piece of ice  

 

 ñArctic is typically composed of ice floes of varying sizes. Some ice floes 

can be extremely large (e.g., on the order of kilometers) and can be 

regarded as level ice; and some other floes can be so small (e.g., on the 

order of meters) that can be treated as a member of a broken ice field.ò  

(Ref. Lu, 2014, ñFloe Ice ï Sloping Structure Interactionsò)  



Egg Code 
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(Ref. World Meteorological Organization, 1975) 
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Ice charts 
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How are the ice charts produced? 
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How are the ice charts produced? 

Plotting an ice chart based on a SAR image 
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Synthetic Aperture Radar (SAR) is an imaging radar instrument that can 

operate from both aircraft and satellites.  

Example of SAR image of ice covered area 

How are the ice charts produced? 



How are the ice charts produced? 
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ICE ANALYST 

SATELLITE IMAGES 

(SAR) 

AERIAL RECONNAISSANCE 

(SAR) 

METEOROLOGICAL DATA 

(Temperature, wind) 

IN-SITU OBSERVATIONS 

(Ships, shore observations) 

ICE CHART 



Comparison of ice thickness measuring methods  
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ACCURACY 

EFFICIENCY 

Satellites (laser, radar)  

(e.g. Cryosat project) 

Submarines, AUVs 

(upward looking sonar)  

Moored sonars 

In-situ (drilling) 

Aerial 

(EM, laser) 

Freeboard measurement 

Draft measurement 

Thickness measurement 



Concept of equivalent ice thickness 

Milakoviĺ A.; Arctic 2030 WP3; May 30th, 2016; Busan, South Korea 

Å Widely used to approximate ice conditions within an area 

Å Averages all ice features including undeformed and deformed ice 

into one value for the entire area 

RIDGES (DEFORMED ICE FEATURES) UNDEFORMED  

ICE 

EQUNDE

F 

EQDEF 

EQTOT 

Current State of the Art: In order to calculate eqivalent ice 

thickness, information on ridges spacing and size in the area 

is required, which is not always available. 



Egg Code shortcomings  
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Describes only undeformed (level) 

component of ice thickness. 

No information on ridging (deformed 

component) in the Egg Code!  

* Ridging information is sometimes 

available as addition to the Egg Code 

EQUNDEF = TA x CA + TB x CB + TC x CC  
  

  

EQTOT = EQUNDEF + EQDEF 

  

  

EQDEF = f (ridging parameters) 
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Ridging information in the ice charts 
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Estimation of concentration and size of ice ridges as an additional 

information in an ice chart: 

In addition to not being included in the Egg Code, this information is 

also often missing from the ice charts due to unavailability of data. 



Contribution from Arctic 2030 project  
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Milakoviĺ et al., 2016, ñMethod for estimation of equivalent ice thickness 

based on the information from the Egg Codeò (working paper) 

 

 

 

An attempt to correlate total equivalent ice thickness to stage of 

development of ice ï allows to calculate total equivalent ice thickness 

(thus, including deformed component) directly from the Egg Code, 

when information on ridging is unavailable.  



Contribution from Arctic 2030 project  
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Milakoviĺ et al., 2016, ñMethod for estimation of equivalent ice thickness 

based on the information from the Egg Codeò (working paper) 

 

 

 

Submarine tracks analyzed  


