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1. Summar y

A large improvement in the simulat ion of sea ice in E3SM version 3

as compared to previous versions of the coupled model has opened

the way to new and advanced saline ice physics being implemented

in E3SM ’s polar code. E3SM now uses Icepack from the CICE

Consort ium and we are looking to expand on its capabilit ies as well as

implement ing a new sea ice dynamical core with improved coupling.

We f rst provide an overview of the sea ice climate in E3SM version

3, quant ifying variability and bias evolut ion in global sea ice extent ,

volume and snow volume in the standard model. Drawing on current

developments in the E3SM, InteRFACE, and Material Point Method

SciDAC projects, we discuss the architecture of the sea ice code

for E3SM version 4 that aims to combine several new features: i)

wave-sea ice interact ion to improve representat ion of the marginal ice

zone, polar coast lines, and global ocean surface wave at tenuat ion; ii)

a variat ional state-space solut ion incorporat ing macro-porosity, ridge

stat ist ics, surface drag, and landfast ice; iii) variable-salinity ice-ocean

coupling to improve model stability and river and iceberg coupling

with MOSART; iv) t ight barot ropic coupling with OMEGA obeying

newly derived ice-ocean stability thresholds; v) higher spect ral

resolut ion in the radiat ive coupling with EAM; and f nally vi) a new

Material Point Method dynamical core. We plan to complement

these features with observat ional emulators for at least two orbital

missions, allowing quick and accurate evaluat ion of sea ice cover,

thicknessand roughness, aswell asocean waveat tenuat ion in thepack.

2. Sea Ice in E3SM V er sion 3 | Hist or ical + SSP2-4.5 5-M ember Ensembl e Resul t s

E3SM V3 accurately simulates global sea ice cover

with the except ion of a Labrador Sea bias and de-

caying global September equinox skill with increas-

ing atmospheric CO2, for which theensemblemean

is marked against the NOAA Climate Data Record

(CDR) and interquart ile range (gray). Standard

unst ructured resolut ion (∆ x) range is 20-30km in

sea ice zones, most ref ned in the Arct ic (above).
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4. Gener at ing t he Fl oe Size Dist r ibut ion

The sea ice Floe Size Dist r ibut ion (FSD) is new to E3SM Version 3 in

Icepack, but an emergent FSD is only simulated when Wavewatch I I I

is act ivated in non-standard conf gurat ions of E3SM. We are invest i-

gat ing improvements in the ef ciency and accuracy of simulat ing sea

ice fracture and wave at tenuat ion in preparat ion for E3SM Version 4.

5. Var iat ional M acr opor ous St at e Space

Sea ice macroporosity (ϕR ) associated with ridged ice blocks is being

int roduced into Icepack to facilitate a Ridged Ice Dist r ibut ion follow-

ing research indicat ing this is likely to improve simulat ions of deformed

ice including keels, as shown above from Metzger et al. (GRL 2021).

6. T he M at er ial Point M et hod | A n Economic Lagr angian Dycor e

The Mater ial-Point Method (MPM) uses Lagrangian material points to t rack sea ice state. Informat ion from the material points is projected

onto the Dycore mesh on which equat ions of mot ion are solved, leveraging MPAS-SeaIce software. The mesh solut ion is used to move the

material points in the computed f ow. Icepack is applied for each material point to obtain the column solut ion. The MPM implementat ion has

four phases: (a) Material Point (MP) velocity integrat ion MP data st ructures, I/ O, init ializat ion. (b) St rain rate and st ress integrat ion that

computes the velocity gradient at MPs, st rain rate and st ress, mapped to vert ices. (c) Column integrat ion of Icepack on MPs instead of cells.

(d) Elast ic-decohesive rheology (EDR) to replace elast ic-viscous-plast ic (EVP) model. The MPM project is progressing to task (c).

7. El iminat ing Ice-Ocean Coupl ing Compl ex it y

E3SM has a coupling lag of at least ∆ T ≫ dt separat ing the sea ice and ocean models. As ∆ T increases, bifurcat ions occur more readily in the

sea ice and ocean’s coupled Ekman layer. We plan to remedy this with mass-t ransport coupling between MPAS-SeaIce and OMEGA.

8. K ey DOE EESM Col l abor at or s

MPM SciDAC: Ut ilizing GPU accelerators to create the MPM Dycore

using the PUMIPic library and polyMPO extensions from FASTMath.

InteRFACE: Improving coastal coupling through wave-sea ice cou-

pling development , a Lit toral Mult iphase Coupling Stack (LMCS)

facilitat ing landfast ice simulat ion, and the int roduct ion of sediments

into sea ice. Advanced polar diagnost ics are being shared from the

RGMA component of InteRFACE.

CICE Consort ium: An internat ional collaborat ion of developers of

the sea ice model CICE and associated column software Icepack.

OMEGA Team: The Ocean Model for E3SM Global Applicat ions

(OMEGA) will be the new ocean and wave component of E3SM

in V4 with the same unst ructured mesh and numerical methods as

MPAS-Ocean in E3SM V3, but using C+ + / Kokkos for performance.

OMEGA will have a new wave component ut ilizing ef cient AI

methods. OMEGA development is part of the E3SM project .
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