A consistent set of boundary layer wave
and vertical mixing options for CESM3

W. G. Large, Gustavo Marques, Alper Altunas

PREMISE: A critical exercise in the art of climate modeling is to have errors
compensate for each other, for the forcing and for model numerics (e.g. spurious
mixing), in order to reproduce observed history.

Improved physics or numerics can degrade solutions relative to
observational metrics.
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Lagrangian versus Eulerian Shear Mixing
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Lagrangian (K, 9, (ﬁE+ﬁSTOKES) versus Eulerian (K, azﬁE)
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In the surface-layer (depths, d < 0.1 h) of a wind, wave, buoyancy forced
boundary layer of depth, h :

Non-dimensional Shear W _ = (k d/u*) dzlﬁl = &0 x.(5),
and the buoyancy Similarity Function, ¢,.(C), of the stability parameter, C
=» Stokes Similarity Function, x,(§), of a Stokes parameter, §

< Lagrangian shear, 9, | ﬁLl, triples standard deviation of x,,(§)



LES (WAB) of a boundary-layer of depth, h
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Eulerian (T, = K, 9,U,

Lagrangian (T, =K, 8,U,) versus

“Consistency” with LES of WAB equations

Non-local viscosity = T../ 9,V’
Boundary-layer Shape Function : G,_(o=d/h) =t W, /(khu*d,V")

Lagrangian Eulerian
* G, (o) >G,(o) * G,(0) = Gy(0) 4
* G,peaksato, = |+ 0.35 « 0.25
* G, (0,) = Je 0.48 e 0.12




MOM DYNAMICS CORE : Wave Decisions
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March Salinity
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Density
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Density
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Boundary-layer Mixing: o0X=-K (-0X) + T, ; X = {U,V,0,S}

K., =w h G (o) + v(h) H(o)

h Interior Forcing

Interior Viscosity at h

Shape Function, G, = G, :G,(1)=0
Cubic 0 < 0.5 then Quadratic

B, -B,)h
Ri(h) = (B - By) = Ric ; kKL*>h>0

(|U|_|s|__ |U|_|h)2+ Vt?

K u* N w, h C,/Ri,

d.(0) X, () O< € <1 ; Stokes fraction
I of SL production of TKE L (B,,-Bp)/Az

X (0)=1; x.(1)=.18 ;x.(1)=.25
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