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Infrastructure & efficiency improvements
2 multiphase physics approaches
2 new melt pond schemes
Biogeochemistry
Anisotropic rheology “EAP"

2 Continuing Development
Anisotropic rheology “EDC"
JFNK viscous-plastic rheology
Topography/mechanical redistribution
Icebergs
Ice-ocean coupling
MPAS
Snow physics
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Infrastructure & efficiency improvements

Tracer handling
CPP options for categories, layers, tracers
Read/write extended grid (with ghost cells)

from CESM:

Tony Craig’s grid decompositions, ice halos
OpenMP threads
Parallel I/O (PIO/pnetcdf)
miscellaneous parameters, etc.

from HadGEM:

Gregorian calendar with leap years
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Multiphase Physics 2 Approaches

Equations Variables
Conservation of energy Enthalpy
Conservation of salt Bulk salinity
Ice–brine liquidus relation Liquid fraction φ
Darcy flow through a porous medium Vertical velocity

Xbulk = φXbrine + (1 − φ)Xice

1 Mushy Layer thermodynamics from the ground up
Adrian Turner

2 Bitz & Lipscomb 1999 thermodynamics
+ coupled vertical salinity transport model
Nicole Jeffery
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Melt Ponds in CICE

1 implicit: old shortwave parameterization reduces albedo
2 crude description for testing delta-Eddington radiation
3 explicit, empirical: CCSM4/CESM1 pond scheme “cesm"

4 University College London’s approach “topo"
5 fusion of 3 and 4 “lvl"

from 3: pond shape
from 4: physics-based pond volume reductions

carry pond area, volume as tracers on level ice
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Figure 1: Sea ice topography. 

Throughout the melt season, the 
area of sea ice covered in ponds of 
meltwater varies, and this 
significantly alters the area-
averaged albedo of the sea ice 
cover. 
 
 
 
 
 

 
 
 

A paper has been accepted that describes the formulation of a model of melt ponds suitable for inclusion 
within the sea ice component of a GCM. 
 
The Los Alamos CICE sea ice model (version 4.0) is being modified to include our new melt pond model. 
 
e) Coupled sea ice—ocean modelling of the Arctic Ocean (Turner, Feltham and Laxon). 
 
We have coupled the CPOM CICE sea ice model to the NEMO ocean model component (OPA) for a 
regional model of the Arctic Ocean and have begun test calculations. We plan to initially test calculations 
against measured ice thickness, extent etc and then to explore halocline formation. 
 
 
f) Geophysical scale sea ice rheology from ice tank experiments and satellite imagery (Modelling: 
Feltham and Taylor; Experiments: Sammonds and Hatton). 
 
Satellite data coincident with the SHEBA experiment are incorporated into a model that can be used to 
determine the continuum-scale sea ice rheology from the material rheology of sea ice, the geometry of the 
sea ice cover, and the sub-continuum scale deformation of the sea ice cover. At the large-scale 
(about 200 km) the shear stress is found to be much less than the longitudinal stresses independent of the 
precise details of the material rheology and independent of the time of year. The satellite data reveal that 
along large-scale lead features there is variation between small-scale divergence and convergence with a 
lengthscale of the same order of magnitude as individual sea ice floes (about 1 km). Combining data from 
several timepoints produces a yield curve envelope and demonstrates the growth of the yield curve as the 
ice thickens. 
 
g) PhD students Fern Scott, Lucas Stone-Drake, Eleanor Bailey and Sinead Farrell. Fern is developing 
an advanced hydrological model of the lateral evolution of melt ponds on sea ice. Lucas is doing 
experiments on the formation of snow ice. Eleanor is doing experiments and modelling regarding the 
consolidation of rafted ice. Sinead is analysing satellite data from IceSat. 
 
(2) Professor Graham Shimmield, Director, Scottish Association for Marine Science, Dunstaffnage 
Marine Laboratory, Dunbeg, Oban, Argyll, PA37 1SG, Scotland (gbs@sams.ack.uk 
http://www.sams.ac.uk/) 
 
SAMS Arctic Activities 2006 
Professor Graham Shimmield, Director, Scottish Association for Marine Science, Dunstaffnage Marine 
Laboratory, Dunbeg, Oban, Argyll, PA37 1SG, Scotland (gbs@sams.ack.uk http://www.sams.ac.uk/). Co-
leader of the IPY – Pan Artic Marine Ecosystem IPY project (PAN-AME) with Barber (U. Manitoba) and 
Falk-Petersen (Norwegian Polar Institute) 
 
Partnership in Ny-Ålesund marine lab:  SAMS continues to be the official UK partner of the Kings Bay 
Arctic Marine Laboratory at Ny Alesund, Svalbard. The UK National Scientific Diving Facility at SAMS 

hsl 

hsurf 
α 

β 

from 3: pond shape
from 4: physics-based pond volume reductions

carry pond area, volume as tracers on level ice
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Biogeochemistry

This session:

Scott Elliott “Biogeochemistry in the upcoming CICE release"
Clara Deal CCWG DMS recap

Nicole Jeffrey “Modeling biogeochemistry in the ice interior:
The CICE release and beyond"
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Constitutive Modeling Shear Deformation
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Kwok et al., “Variability of sea ice simulations assessed with RGPS kinematics.” J. Geophys. Res., 2008.
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Anisotropic Rheology EAP

elastic
anisotropic
plastic

M. Tsamados et al.
CPOM
U. Reading, UK
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Anisotropic Rheology EAP
ThicknessEVP EAP

M. Tsamados et al.
CPOM
U. Reading, UK
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Anisotropic Rheology EAP
SpeedEVP EAP

M. Tsamados et al.
CPOM
U. Reading, UK
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Continuing...
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Anisotropic Rheology EDC

The University of New Mexico Deborah Sulsky GFDL  Ocean Climate Model Development Meeting,  Oct. 28-30, 2009

Elastic-Decohesive Model

Schreyer, H., L. Monday, D. Sulsky,  M. Coon, R. Kwok (2006), Elastic-decohesive Constitutive 
Model for Sea Ice, J. of Geophys. Res., 111, C11S26, doi:10.1029/2005JC003334. 

• Intact ice modeled as elastic
• Leads modeled as discontinuities
• Model predicts initiation of a lead and

its orientation
• Traction is reduced with lead opening

until a complete fracture forms

[[u]] = un n+ut t

n

t

Saturday, October 31, 2009

in collaboration with Kara Peterson, Sandia National Laboratories

elastic-decohesive fracture model
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CICE tests Jan 1995 - Dec 2004
CICE ten year run, Jan 1995 - Dec 2004 atmospheric forcing, velocity and
thickness

EVP December 1995 EVP December 2004

EDC December 1995 EDC December 2004

modified CORE
atmo forcing

1◦ grid

initially thin ice

thickness
and

velocity

m
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JFNK viscous-plastic rheology

Jean-Francois Lemieux, Bruno Tremblay, et al.
are adding JFNK VP option to CICE
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Topography/mechanical redistribution

Ute Herzfeld and Brian McDonald
“Ice deformation in Fram Strait—Comparison of CICE
simulations with analysis and classification of airborne
remote-sensing data"
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Icebergs in CICE

X - 4 HUNKE AND COMEAU: ICEBERGS

a d

b e

c f

Figure 2. Differences between simulations with and
without bergs. Thickness differences in cm for (a) May,
(b) August, (c) November, 1992. Differences in (d) area,
%, (e) ridged ice mean thickness, cm, (f) level ice mean
thickness, cm, for November 1992. White contours indi-
cate the 4 berg tracks for the standard run, and the black
curve in (d) is the 90% ice area contour.
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without bergs. Thickness differences in cm for (a) May,
(b) August, (c) November, 1992. Differences in (d) area,
%, (e) ridged ice mean thickness, cm, (f) level ice mean
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∆ deformed ice h ∆ level ice h
∆ = with bergs - without bergs

cm

Evaluating: Thermodynamics
Size distribution
CESM coupling

Future: Berg mass flux
from CISM

E. Hunke and D. Comeau, Sea ice and iceberg dynamic interaction. J. Geophys. Res. 116, 2011.
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Sea ice-ocean coupling

High-Res session (yesterday):

Dave Bailey, Julie McClean, Andrew Roberts

Coupled ice-ocean stability analysis:

Beth Wingate, Jared Whitehead, Terry Haut
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MPAS Model Prediction Across Scales

An unstructured-grid framework for climate modeling

Incorporating CICE Physics
Step 1: column processes

thermodynamics
ice thickness distribution

Step 2: 2D processes
momentum
constitutive equation
transport
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Snow physics

New snow parameterizations:

Spatial distribution
Snow depth over level and deformed ice
Depth hoar
Grain size as a function of temperature gradient
Wind packing
Snow density as a function of wind speed
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