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CICE 3.14
August 2006

version 3.14

version 4.0

energy conserving, multi-layer thermodynamics

multi-layer snow

ice thickness distribution with 5 categories and open water

multiple-scattering radiation

variables/tracers (for each thickness category):
ice area fraction

ice age

ice/snow volume in each vertical layer

melt ponds

ice/snow energy in each vertical layer

algal ecosystem

surface temperature

icebergs
3D salinity

elastic-viscous-plastic (EVP) dynamics
incremental remapping advection
energy-based, multi-category ridging and ice strength

Fortran 90

tripole grids

nonuniform, curvilinear, logically rectangular grids

regional configuration

parallelization via the Message Passing Interface (MPI)

cache-based decomposition

netCDF or binary input/output

more coupling/forcing options
multi-frequency history output

users in many countries, dozens of institutions

available to collaborators through
subversion repository

CICE wiki: http://oceans11.lanl.gov/trac/CICE
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CICE 4.0
August 2008

version 3.14 version 4.0
energy conserving, multi-layer thermodynamics multi-layer snow
ice thickness distribution with 5 categories and open water multiple-scattering radiation
variables/tracers (for each thickness category):

ice area fraction ice age
ice/snow volume in each vertical layer melt ponds
ice/snow energy in each vertical layer

algal ecosystem

surface temperature

icebergs
3D salinity

elastic-viscous-plastic (EVP) dynamics
incremental remapping advection
energy-based, multi-category ridging and ice strength

Fortran 90 tripole grids
nonuniform, curvilinear, logically rectangular grids regional configuration
parallelization via the Message Passing Interface (MPI) cache-based decomposition

netCDF or binary input/output more coupling/forcing options

multi-frequency history output

users in many countries, dozens of institutions available to collaborators through
subversion repository

CICE wiki: http://oceans11.lanl.gov/trac/CICE
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CICE
October 2009

version 3.14 version 4.0
energy conserving, multi-layer thermodynamics multi-layer snow
ice thickness distribution with 5 categories and open water multiple-scattering radiation
variables/tracers (for each thickness category):

ice area fraction ice age
ice/snow volume in each vertical layer melt ponds
ice/snow energy in each vertical layer algal ecosystem
surface temperature icebergs

3D salinity
elastic-viscous-plastic (EVP) dynamics
incremental remapping advection
energy-based, multi-category ridging and ice strength

Fortran 90 tripole grids
nonuniform, curvilinear, logically rectangular grids regional configuration
parallelization via the Message Passing Interface (MPI) cache-based decomposition

netCDF or binary input/output more coupling/forcing options
multi-frequency history output

users in many countries, dozens of institutions available to collaborators through
subversion repository

CICE wiki: http://oceans11.lanl.gov/trac/CICE
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Operational Forecasting/Data Assimilation
Naval Research Laboratory
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Melt Pond Physics
University College London
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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 
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Aerosol Deposition and Cycling
National Center for Atmospheric ResearchAerosol cycling implementation

Ice Interior

Ice SSL (5cm)

Snow SSL (4cm)
Snow Interior

• Four aerosol reservoirs in the vertical
• Aerosol cycling due to ice transport, vertical melt/growth 
•Melt water scavenging 
• Six aerosols – 2 black carbon (hydrophilic/phobic), 4 dust
• Currently affects radiative transfer
• Receiving aerosol deposition from CAM
• Near‐term (months) work will link to ocean iron deposition
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Grease and Frazil Ice
Bjerknes Centre for Climate Research, Norway

Fig. 1. Processes relevant ...... .

Smedsrud, L. H. (2001). Frazil ice entrainment of sediment: large tank lab-
oratory experiments. Journal of Glaciology 47 (158), 461–471.

Smedsrud, L. H. (2002). A model for entrainment of sediment into sea ice
by aggregation between frazil ice crystals and sediment grains. Journal
of Glaciology 48 (160), 51–61.

Smedsrud, L. H. and R. Skogseth (2006). Field measurements of Arctic
grease ice properties and processes. Cold Regions Science and Technol-
ogy 44 (3), 171–183. doi:10.1016/j.coldregions.2005.11.002.

Svensson, U. and A. Omstedt (1998). Numerical simulations of frazil ice
dynamics in the upper layers of the ocean. Cold Regions Science and
Technology 28 (1), 29–44.

Vancoppenolle, M., T. Fichefet, and C. M. Bitz (2006). Modeling the
salinity profile of undeformed arctic sea ice. Geophysical Research Let-
ters 33 (L21501), doi:10.1029/2006GL028342.

Winsor, P. and G. Björk (2000). Polynya activity in the Arctic Ocean from
1958 to 1997. Journal of Geophysical Research 105 (C4), 8789–8803.
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EVP on the C-grid
Alfred Wegener Institute for MITgcm
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Tripole T-fold Option
U.K. Hadley Centre/University of Reading
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CICE on an Unstructured Grid
University of Massachusetts
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Prognostic salinity
Brine inclusions

Cecilia Bitz
University of Washington

Adrian Turner
University College London (now)

LANL (Jan 2010)

Wang Xiucheng
Chinese Academy of Sciences
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Sea Ice Ecosystem

Scott Elliott
Nicole Jeffery
Mat Maltrud
Elizabeth Hunke
Los Alamos National Laboratory

Clara Deal
Meibing Jin
IARC, U. of Alaska, Fairbanks
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Sea Ice Ecosystem

stand-alone CICE
WOA nutrient climatology
nitrate, silicate,
ammonium, DMS(P)
limiting by light, nutrients,
melting
coupled POP-CICE
ecosystem in progress
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Vertical Transport Nicole Jeffery
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Ice-ocean dynamic coupling approaches

ocean-ice stress τw = drag coef × quadratic f (Uo − Ui)

1 ice-ocean stress = – (ocean-ice stress)
2 ice-ocean stress = div(ice internal stress) + wind stress
3 various levels of "embedding"
4 variable drag coef
5 resolution of ocean boundary layer

How much is necessary for climate modeling?
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Icebergs in CICE

E
.H

un
ke

Lagrangian particles with finite size
Berg momentum balance includes Coriolis, tilt, wind/ocean
stresses, sea-ice dynamic interaction
Sea ice ridging, momentum balance include berg
interaction

Summer intern: U of Arizona graduate student
Berg data: Todd Arbetter (National Ice Center)

No berg thermodynamics yet
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Icebergs in CICE

E
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Change in sea ice thickness due to bergs, cm

Lagrangian particles with finite size
Berg momentum balance includes Coriolis, tilt, wind/ocean
stresses, sea-ice dynamic interaction
Sea ice ridging, momentum balance include berg
interaction

Summer intern: U of Arizona graduate student
Berg data: Todd Arbetter (National Ice Center)
No berg thermodynamics yet



The Current State of the Model Community Development Examples LANL Development

Snow

compaction and densification
granularization
moisture transport
wind redistribution
slush and snow-ice...

Help needed!
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Sea Ice Constitutive Modeling

Now: Elastic-viscous-plastic (EVP)
Compare: Newton-Krylov solver for viscous-plastic

Future: Elastic-decohesive implementation ?

Help needed!
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Summary: CICE 4.0 Development

Community Efforts
data assimilation
physical parameterizations
numerical implementations

LANL Efforts
prognostic salinity, ice hydrology
ecosystem
icebergs
ice-ocean coupling
constitutive modeling
snow
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