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POP:
Bryan-Cox z-coordinate ocean model

hydrostatic, Boussinesq primitive equations for ocean temperature, salinity, momentum

implicit free surface

implicit barotropic fast gravity wave mode; else explicit 3D

KPP vertical mixing parameterization

GM or biharmonic horizontal mixing (on tracers)

biharmonic horizontal friction (on momentum)

CICE:
energy conserving thermodynamics

energy-based ridging and ice strength

elastic-viscous-plastic dynamics

incremental remapping advection

5 thickness categories, 4 layers of ice + 1 layer of snow

variables/tracers (for each thickness category):

ice area fraction

ice/snow volume

ice/snow energy in each vertical layer

surface temperature
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GM: DH = ∇3 · (K + B) · ∇3T

K = κIf1f2
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Theory for simple systems
—mix and match—

Laplacian biharmonic
Tt = C Txx Tt = B Txxxx

Scale selectivity Grid dependence
Suppose T = γ(t)eikxn, xn = n∆ Balance advection, diffusion scales

⇒ time scale ⇒ variable coefficients



I. Damping time scales
for simple systems

following Griffies and Hallberg, MWR 2000

Suppose T = γ(t)eikxn, where xn = n∆. Then
(1) for the Laplacian case, Tt = C Txx,
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(2) for the biharmonic case, Tt = B Txxxx,
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II. Scaling argument for grid dependence
for simple systems

following Maltrud et al., JGR 1998

Balance advective and diffusive terms. Then

(1) for the Laplacian case, U Tx = C Txx, and C scales with ∆ ∼ dx,

(2) for the biharmonic case, U Tx = B Txxxx, and B scales with ∆3.

In 2D, grid cell area A ∼ ∆2, so C ∝ A1/2 and B ∝ A3/2.







Mean kinetic energy
averaged over the ocean volume north of 80◦N

initialized from biharmonic AOMIP run, 1 JAN 1982

1-year sensitivity runs
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Summary

• Scale selectivity and grid-dependent diffusivities both play important

roles in high-latitude ocean mixing parameterizations.

• Future global simulations using the GM parameterization should

include a diffusivity scaling factor given by the square root of the

grid cell area, to prevent diffusion from dominating advection in the

evolution of high latitude tracers and circulation.
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