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Explicit Diffusion: Weaver and Courtier (2001)

∂v

∂t
= ∇ ·K∇v

v(T ) ≃ (I +∇ ·K∇)
N
v(0)

Good:

• Easy to implement, diffusion already in
GCMs

• Handles boundaries naturally

• Imposes Gaussian correlation structure

• Specify correlation length scale via
K = L2/T

Bad:

• Necessary but insufficient conditions for
N , usually N has to be large
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Implicit Diffusion: Mirouze and Weaver (2010)

∂v

∂t
= ∇ ·K∇v

v(T ) = (I −∇ ·K∇)
−1

v(0)

Good:

• Implicit solve, Ax = b =⇒ choose tolerance, not N

• Access to correlation and inverse, see Guillet et al. (2019)

• Imposes more generic Gaussian-like structure, via
Auto-Regressive function

• Choose structure with M , Gaussian: M → ∞
Bad:

• Even with fixed L, inconsistent correlation length scales
with different M
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Matérn SPDE: Lindgren et al. (2011)

v = (δ −∇ · ∇)
−M

z

z ∼ N (0, I)

v ∼ N (0,CCT )

Good:

• Corresponds to generic Gaussian-like structure,
via Matérn correlation function

• Consistently achieve correlation ∼ 0.14 at
specified length scale

• Length scale specified in δ = δ(L)

Bad:

• Unclear how to use parameters in
nonstationary and anisotropic case
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Mapping Method
Define mapping φ(x), through its Jacobian, Φ(x)
Length scale specified in δ(L) and Φ(x;L)
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Precision & Speed in Global LLC90 Domain
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Summary

Reference
Boundaries &
GCM Friendly

Fixed
Iterations

(N)

Access to
Inverse

Flexible
Shape
(M)

Consistent
Correlation
Length

Explicit
Diffusion

Used by ECCO
(Weaver &

Courtier, 2001)

Implicit
Diffusion

(Mirouze &
Weaver, 2010)

Mapped
Matérn

(Preprint)
(Smith, 2022)
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Coming Soon to the MITgcm...
Comments are appreciated!
Either on GitHub or via email at tim.smith@noaa.gov

Figure: github.com/MITgcm/MITgcm/issues/684
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