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Sea Ice Model UsesSea Ice Model Uses

Climate ModelingClimate Modeling

ForecastingForecasting

www.climateprogress.org

Ice Structure InteractionsIce Structure Interactions
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RADARSAT Geophysical Processor System RADARSAT Geophysical Processor System 
(RGPS)(RGPS)

**Kwok, R., D. A. Kwok, R., D. A. RothrockRothrock, H. L. Stern and G. F. Cunningham, Determination of Ice Age usi, H. L. Stern and G. F. Cunningham, Determination of Ice Age using ng LagrangianLagrangian
Observations of Ice Motion, Observations of Ice Motion, IEEE Trans. IEEE Trans. GeosciGeosci. Remote . Remote SensSens., Vol. 33, No. 2, pp. 392., Vol. 33, No. 2, pp. 392--400, 1995. 400, 1995. 

Satellite DataSatellite Data
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GoalGoal

LeadLead

RidgeRidge

Want a numerically efficient sea ice model that includes Want a numerically efficient sea ice model that includes 
observational features such as leads and ridges and observational features such as leads and ridges and 

uses available satellite data for verificationuses available satellite data for verification

Existing Sea Ice ModelsExisting Sea Ice Models
Isotropic constitutive modelIsotropic constitutive model
Generally use Generally use EulerianEulerian
numerical schemes numerical schemes 

Our ModelOur Model
Anisotropic constitutive Anisotropic constitutive 
modelmodel
LagrangianLagrangian material pointsmaterial points
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Components of Sea Ice ModelComponents of Sea Ice Model

22--D DynamicsD Dynamics
Momentum BalanceMomentum Balance

Constitutive ModelConstitutive Model

11--D Thermo D Thermo 
Flux BalanceFlux Balance

Ice Thickness Ice Thickness 
DistributionDistribution

Atmospheric Fluxes

Ocean Flux Ocean Drag

Air Drag

Ice Thickness
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Momentum EquationMomentum Equation

= ice density
= ice thickness
= ice velocity
= stress tensor

= air drag
= water drag
= Coriolis parameter
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ElasticElastic--DecohesiveDecohesive Constitutive ModelConstitutive Model

DecohesionDecohesion

ElasticityElasticity

Strain RateStrain Rate

Flow RulesFlow Rules

Failure FunctionFailure Function

- tangential traction

- normal traction

Schreyer, H., L. Monday, D. Schreyer, H., L. Monday, D. SulskySulsky,  M. Coon, R. Kwok (2006), Elastic,  M. Coon, R. Kwok (2006), Elastic--decohesivedecohesive Constitutive Constitutive 
Model for Sea Ice, Model for Sea Ice, J. of J. of GeophysGeophys. Res., . Res., 111, C11S26, doi:10.1029/2005JC003334. 111, C11S26, doi:10.1029/2005JC003334. 
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Ice Thickness DistributionIce Thickness Distribution

= thickness distribution
= ice region area
= ice area with thickness

less than    at time      

Evolution EquationEvolution Equation
= growth rate 
= mechanical redistribution

(ridging)



1010

Ridging FunctionRidging Function

thickness distribution of newly ridged ice: 

thickness distribution of ice participating in ridging:
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ThermodynamicsThermodynamics
Balance of FluxesBalance of Fluxes

DiffusionDiffusion

TopTop

BottomBottom

= thickness
= temperature
= energy of melting at top
= energy of melting at bottom
= heat capacity
= conductivity
= extinction coefficient

snow

ice

water

Snow/Ice InterfaceSnow/Ice Interface
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MPM for Sea IceMPM for Sea Ice
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Ice Thickness Distribution in MPMIce Thickness Distribution in MPM

Discrete ice thickness categoriesDiscrete ice thickness categories

Solve in three piecesSolve in three pieces
Horizontal TransportHorizontal Transport

Transport in Thickness SpaceTransport in Thickness Space

RedistributionRedistribution
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KinematicsKinematics

No Cutoff No Cutoff 

400 m Cutoff 400 m Cutoff 
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Beaufort Sea CalculationsBeaufort Sea Calculations
Using RGPS data for 23 Feb Using RGPS data for 23 Feb ––
10 Mar 2004 in Beaufort Sea 10 Mar 2004 in Beaufort Sea 
regionregion
Calculation setupCalculation setup

10 km square background grid10 km square background grid
4 material points per cell4 material points per cell
Rigid material points for land Rigid material points for land 
boundaryboundary
Including wind, ocean, and Including wind, ocean, and 
CoriolisCoriolis forcesforces
Boundary conditions are RGPS Boundary conditions are RGPS 
velocities linearly interpolated in velocities linearly interpolated in 
time time 
RGPS data used to initialize RGPS data used to initialize 
leads in calculationleads in calculation
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Beaufort Sea CalculationsBeaufort Sea Calculations
Initialization Day 54 (Feb 23)Initialization Day 54 (Feb 23)
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Beaufort Sea CalculationsBeaufort Sea Calculations
Leads Day 70 (March 11)Leads Day 70 (March 11)

MPM MPM KinematicsKinematics
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Beaufort Sea CalculationsBeaufort Sea Calculations
DetDet (F) Day 70 (March 11)(F) Day 70 (March 11)

MPM MPM KinematicsKinematics
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ConclusionsConclusions
Have shown sea ice model using MPM Have shown sea ice model using MPM 
with Elasticwith Elastic--DecohesiveDecohesive constitutive modelconstitutive model
Advantages over other modelsAdvantages over other models

MPM handles advection naturally MPM handles advection naturally 
ElasticElastic--DecohesiveDecohesive Model allows explicit Model allows explicit 
calculation of lead evolutioncalculation of lead evolution

Currently implementing ice thickness Currently implementing ice thickness 
distributiondistribution
Future workFuture work

Implement thermodynamic modelImplement thermodynamic model
Connect to ocean and atmospheric modelsConnect to ocean and atmospheric models
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