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Momentum balance - Danny’s talk
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Momentum balance - Michel’s talk
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Different types of sea ice - Impact on form drag

Winter	  pack	  ice	  :	  

-‐ 	  Ridge	  and	  keel	  contribu5on	  	  
-‐ 	  High	  sea	  ice	  concentra5on	  -‐>	  Li;le	  floe	  
edges	  
-‐ 	  No	  melt	  ponds	  	  	  

Credit:	  LCDR	  John	  Woods	  
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Different types of sea ice - Impact on form drag

Melt	  season	  :	  

-‐ 	  Ridge	  and	  keel	  contribu5on	  –	  reduced	  ?	  	  
-‐ 	  Melt	  ponds	  could	  contribute	  to	  form	  
drag	  

Credit:	  LCDR	  John	  Woods	  

Photo:	  S.	  Hendricks	  
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Different types of sea ice - Impact on form drag

Marginal	  Ice	  Zone	  :	  

-‐ 	  Ridge	  and	  keel	  contribu6on	  	  	  
-‐ 	  Floe	  edge	  contribu6on	  important	  

Credit:	  LCDR	  John	  Woods	  

Photo:	  S.	  Hendricks	  

Photo:	  C.	  Lupkes	  
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Different types of sea ice - Impact on form drag

Marginal	  Ice	  Zone	  :	  

-‐ 	  Ridge	  and	  keel	  contribu6on	  	  	  
-‐ 	  Floe	  edge	  contribu6on	  important	  

Credit:	  LCDR	  John	  Woods	  

Photo:	  S.	  Hendricks	  

Photo:	  C.	  Lupkes	  

Leonardi,	  J.	  Fluid.	  Mech.	  	  2003	  
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Parameters of the model

Mai,	  1995	  

Important	  parameters	  of	  the	  model	  
(in	  parenthesis	  nota7on	  of	  
schema7cs)	  :	  

-‐ 	  L	  :	  floe	  size	  (ls)	  
-‐ 	  A	  :	  ice	  concentra4on	  

Atmosphere	  :	  

-‐ 	  Hf	  :	  freeboard	  (hs)	  
-‐ 	  Hr	  :	  ridge	  height	  (hr)	  
-‐ 	  Dr	  :	  distance	  between	  ridges	  (dr)	  
-‐ 	  Df	  :	  distance	  between	  floes	  (ds)	  
-‐ 	  Lp	  :	  pond	  size	  (not	  shown)	  
-‐ 	  Hp	  :	  eleva4on	  of	  ice	  surface	  rela4ve	  
to	  pond	  surface	  (not	  shown)	  	  

Ocean	  

-‐	  Hd	  :	  floe	  draB	  (D)	  	  
-‐ 	  Hk	  :	  ridge	  keel	  height	  (Hr)	  
-‐ 	  Dk	  :	  distance	  between	  keels	  (Dr)	  

Lu,	  2011	  
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Parameters in CICE
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Parameters in CICE
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Parameters in CICE
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Parameters in CICE
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Parameters in CICE
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Parameters in CICE
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Validation - Airborne data - IceBridge project

Collabora'on	  UCL/NASA	  N.	  Kurz,	  S.	  Farrel,	  S.	  Laxon	  
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Validation - Satellite data
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MAPS of drag coefficients in CICE
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MAPS of drag coefficients in CICE
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Impact on Arctic sea ice thickness (m)
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Impact on Arctic sea ice drift (cm/s)
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Conclusion

A new parameterisation of the ice/ocean and ice/atmosphere
momentum transfer is implemented in CICE and accounts for

- Form drag from ridges/keels.
- Form drag from floe edges.
- Form drag from melt pond edges.
- Reduced skin drag due to a sheltering effect.

Calibration of the parameters of the models has started based

- on observations of the sea ice surface properties (roughness, ice
concentration, floe characteristics...).

- on measurements of ice type and regionally specific neutral drag
coefficients.

The impact of this new physics on the Arctic sea ice properties
(thickness, concentration, drift) is large and could explain some of the
differences between models and observations.
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