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Welcome – CICE Consortium Code of Conduct
See https://github.com/CICE-Consortium/About-Us/
Our Pledge
• In the interest of fostering an open and welcoming environment, we as contributors and 

maintainers pledge to making participation in our project and our community a 
harassment- free experience for everyone, regardless of age, body size, disability, 
ethnicity, gender identity and expression, level of experience, nationality, political 
affiliation, veteran status, pregnancy, genetic information, personal appearance, choice of 
text editor or operating system, race, religion, or sexual identity and orientation, or any 
other characteristic protected under applicable US federal or state law.

Our Standards
Examples of behavior that contributes to creating a positive environment include:
• Using welcoming and inclusive language
• Being respectful of differing viewpoints and experiences
• Gracefully accepting constructive criticism
• Focusing on what is best for the community
• Showing empathy towards other community members

• If you have any concerns please contact Alice – duvivier@ucar.edu
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CICE Consortium Workshop

Goals
• To determine how the CICE 

Consortium can best help to 
advance the sea-ice science 
needs of the community for 
research and applications

• Research directions
• Operational directions
• Time lines

The Plan for the Day
• CICE model background
• How the Consortium works

• Structure/teams
• Agency contributions, plans
• Consortium plans

• Community activities
• Discussion

• Community needs
• Consortium activities
• Future directions
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CICE model and Consortium 
background
Elizabeth Hunke – LANL and CICE Consortium Lead Coordinator
Monday Feb 3, 8:40-8:55
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CICE 1.0
1998
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25 years
of sea ice model development

Transcribed Semtner 3-layer model into Fortran 77

EVP released
CICE 1.0
CICE 2.0

CICE 3.0

CICE 3.1

CICE 3.14

CICE 4.0

CICE 4.1

CICE 5.0

CICE 5.1.2
CICE Consortium

NPS validation of EVP

EVP in NCAR PCM (via NPS)

NCAR CSIM v2

GFDL CM2 (EVP only)
UK HadGEM1

Canadian sea ice workshops

NRL ACNFS implementation
NRL ACNFS validation
NCEP CFSv2 (EVP only)
NRL ACNFS becomes operational

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

and continuing
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Community 
Contributions
through the years
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National Center for Atmospheric Research

Delta-Eddington radiative transfer



CICE and Icepack Workshop and Tutorial February 3-5, 2020

Community 
Contributions
through the years
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Operational Forecasting/Data Assimilation
Delta-Eddington Radiative Transfer
Melt Pond Albedo E↵ects Melt Pond Physics
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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 

Daniela Flocco
University College London

University College London

Delta-Eddington radiative transfer
Melt pond physics
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Community 
Contributions
through the years
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University of Alaska Fairbanks

Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
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Community 
Contributions
through the years
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Alfred Wegener Institute
for MITgcm

Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
EVP on the C-grid
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Community 
Contributions
through the years
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University College London

Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
EVP on the C-grid
Parameter optimization
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Community 
Contributions
through the years
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Argonne National Laboratory

Operational Forecasting/Data Assimilation
Delta-Eddington Radiative Transfer
Melt Pond Albedo E↵ects Melt Pond Physics
Biogeochemistry Soot and Snow
Grease and Frazil Ice Sliding Friction Rheology

EVP on the C-gridParameter Optimization
Inverse ModelingTotal hemispheric ice volume sensitivity

Jong Kim
Argonne National Laboratory

Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
EVP on the C-grid
Parameter optimization
Inverse modeling
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Community 
Contributions
through the years
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Operational Forecasting/Data Assimilation
Delta-Eddington Radiative Transfer
Melt Pond Albedo E↵ects Melt Pond Physics
Biogeochemistry Soot and Snow
Grease and Frazil Ice Sliding Friction Rheology

EVP on the C-gridParameter Optimization
Inverse Modeling Computational E�ciency

March 16, 2007 Software Engineering Working Group Meeting 33

1! CICE4 on 20 processors1! CICE4 on 20 processors

Small domains @ high latitudes

Large domains @ low latitudes

John Dennis
National Center for Atmospheric Research

National Center for Atmospheric Research

Delta-Eddington radiative transfer

Melt pond physics

Biogeochemistry

EVP on the C-grid

Parameter optimization

Inverse modeling

Computational efficiency
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Community 
Contributions
through the years
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University of Reading, UK

Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
EVP on the C-grid
Parameter optimization
Inverse modeling
Computational efficiency
Elastic Anisotropic Plastic rheology
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Community 
Contributions
through the years
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University of Reading, UK

Sea Ice
Modeling:

Characteristics
and

Processes
Critical for

the Radiation
Budget

Elizabeth
Hunke

Overview

Factors in
the Radiation
Budget
Surface
characteristics

Ice thickness

Optics

Ecosystem

Clouds

Summary

Ongoing
work

Variable form drag

thickness age
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Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
EVP on the C-grid
Parameter optimization
Inverse modeling
Computational efficiency
Elastic Anisotropic Plastic rheology
Variable form drag
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Community 
Contributions
through the years
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Environment and Climate Change Canada

Observation

CICE with grounding and tensile strength 

Frequency (0 = Never, 1 = Always)

Model

2005-2007 
(Jan-May)

Delta-Eddington radiative transfer
Melt pond physics
Biogeochemistry
EVP on the C-grid
Parameter optimization
Inverse modeling
Computational efficiency
Elastic Anisotropic Plastic rheology
Variable form drag
Landfast ice
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Community 

Contributions

through the years
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National Institute of Water and Atmospheric Research, NZ

https://royalsociety.org.nz/

85 km

Floe sizes span a wide range of scales, described 

statistically by their floe size distribution (FSD).

Russia
Alaska

Floes in the Bering Sea (MODIS)

Roach, L. A., Horvat, C., Dean, S. M., & Bitz, C. M. (2018). An emergent sea ice floe 
size distribution in a global coupled ocean--sea ice model. J. Geophys. Res. Oceans.

Representative floe radius simulated by the 

FSD model in CICE v5.

Delta-Eddington radiative transfer

Melt pond physics

Biogeochemistry

EVP on the C-grid

Parameter optimization

Inverse modeling

Computational efficiency

Elastic Anisotropic Plastic rheology

Variable form drag

Landfast ice

Floe size distribution
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Community 
Contributions
through the years
Delta-Eddington radiative transfer

Melt pond physics

Biogeochemistry

EVP on the C-grid

Parameter optimization

Inverse modeling

Computational efficiency

Elastic Anisotropic Plastic rheology

Variable form drag

Landfast ice

Floe size distribution

Refactored EVP dynamics
... and much more …
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Danish Meteorological Institute
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LANL
Contributions
through the years

Elastic Viscous Plastic Rheology

22

Los Alamos National Laboratory
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LANL
Contributions
through the years

Elastic Viscous Plastic Rheology
Incremental Remapping advection
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Los Alamos National Laboratory
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LANL

Contributions
through the years

Elastic Viscous Plastic Rheology

Incremental Remapping advection

“Mushy” thermodynamics
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Los Alamos National Laboratory

Brine channels

Equations

Conservation of Energy

Conservation of Salt

Ice-brine liquidus relation

Darcy flow through a porous 

medium

Variables

Enthalpy

Salinity

Liquid fraction

Vertical velocity

Courtesy K. Golden
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LANL

Contributions
through the years

Elastic Viscous Plastic Rheology

Incremental Remapping advection

“Mushy” thermodynamics

Vertical biogeochemistry
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Los Alamos National Laboratory

Algae live in the liquid 

(brine) within sea ice and 

thrive where there are 

nutrients

Sea ice ecosystem

C. Haas
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CICE: the Los Alamos Sea Ice Model
Documentation and Software User’s Manual

Version 5.1
LA-CC-06-012

Elizabeth C. Hunke, William H. Lipscomb,
Adrian K. Turner, Nicole Jeffery, Scott Elliott

Los Alamos National Laboratory
Los Alamos NM 87545

March 17, 2015
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1

LANL
Contributions
through the years

Elastic Viscous Plastic Rheology
Incremental Remapping advection
“Mushy” thermodynamics
Vertical biogeochemistry
Icepack
Documentation 
Community support

... and much more …
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Los Alamos National Laboratory
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CICE Consortium

• Acceleration of scientific development 
• Acceleration of R&D transfer to operational use
• Vehicle for collaboration and sharing 

to enhance sea ice model development 
for and by the community
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Execu&ve	Oversight	Board	

CICEdyn	

Dynamics	

Transport	

Documenta&on	
Contributor	

Icepack	

Thermo	

Ridging/
Morphology	

BGC	

Documenta&on	
Contributor	

Infrastructure	

Drivers,							
Time-Stepping	

Ini&aliza&on	

Data	
Assimila&on	

Output	

Grids	

Op&miza&on,	
Paralleliza&on	

Documenta&on	
Contributor	

Tes&ng	and	
Analysis							

Regression	
tes&ng	

Tes&ng	in	
coupled	models	

Post-processing	
tools	

New	code	
Contributor	

Documenta&on	
Contributor	

Community	
Support	

Code	releases	
• CICE	
• icepack	

Liaison	

Bug	tracking/
oversight	

User	workshops	

Repository	

Admin	

Maintenance	

Lead	SE	

Co-Lead	 SoOware	Engineer	

Lead	Coordinator	

CICE	Consor&um	Org	Chart.	White	boxes	
indicate	task	areas	or	responsibili&es	for	
each	of	the	six	Teams,	including	code	
elements,	post-processing	soOware,	and	
community	interfaces.		
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Community 
Development

Acceptance Testing

Science Testing

Code Review

Science Review

Level of confidence testing

Experimental 
Science, 

Operationsv v v

CICE Consortium Functional Design
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CICE Quality Control

Roberts, A. F., Hunke, E. C., Allard, R., Bailey, D. A., Craig, A. P., Lemieux, J., & Turner, M. D. (2018). Quality 
control for community-based sea-ice model development. Philosophical Transactions of the Royal Society A, 
376, 17. doi:10.1098/rsta.2017.0344

Categorize code 
modifications based on 
test simulations

1. Bit-For-Bit (BFB)

2. Non-BFB, but not 
climate changing

3. Non-BFB, climate 
changing, requires 
review and checking

4. A new model 
improvement or 
addition, requiring 
review and checking  

Objective, statistical tests allow code modifications to be quickly evaluated for potential bugs etc.
Automated, standardized testing enables community participation in sea ice model development.
The metrics provide objective guidance for assessing new physics and code functionality. 
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CICE version 6 code structure

CICEcore (dynamical core)
• Momentum
• Stress
• Transport
• Grid/parallelization
• I/O
• Etc

Icepack (column physics)
• Ice thickness distribution
• Thermodynamics
• Ridging
• Biogeochemistry

github.com/CICE-Consortium/CICE

github.com/CICE-Consortium/Icepack


