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Vertical diffusion scheme in ALADIN

* Louis type scheme (K-closure)
* explicitly resolves the boundary layer

* In analogy with molecular diffusion assumes the fluxes
proportional to gradients:

0X
w,X/:_KM/Hga X:’U/,?},S,q

* values of K,y are diagnosed at every time-step
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Vertical diffusion scheme in ALADIN

* Louis type scheme (K-closure)
* explicitly resolves the boundary layer

* In analogy with molecular diffusion assumes the fluxes
proportional to gradients:

0X
w,X/:_KM/Hga X:U,U,S,q

* values of K,y are diagnosed at every time-step
* performs well for scales of 10 km
* allows simple shallow convection parameterization

* anti-fibrillation scheme
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Geleyn, 1987
Ky/m 1s computed as:

0X

Kyym = () 5, Sz (R)

SC: replace R: by Ri*:
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Anti-fibrillation scheme

Bénard et al., 2000

OX| 0 ( ox
ot |y diff_az M/H g

discretized into time-shifted formulation:

+  vO0
- AtX = (1= B)(Kayu X2) + B(Enyn X)),

To avoid fibrillations G > 1.
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PTKE guidelines

* based on the current vertical diffusion scheme

* following extended idea of Redelsperger, Mahe and Carlotti
(2001) diagnose the TKE from Ky, /g

* match full TKE sub-grid scale turbulence scheme and
similarity laws at surface

* extension to the whole atmosphere (I = k(2 + zp))

* replace full TKE equation by a pseudo one converging
toward the Louis scheme

* modify K,;,5 according the TKE to obtain space-consistent
variation around the static solution
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Full TKE equation

Prognostic equation for TKE (E = & (u2 + v2 + w'2)

3E+ OF N OF N OF u/w/f?u v/w,(‘?v
— UV— +v0— +w— = — — — —
ot Ox Oy 0z 0z 0z
advection |
O )
_iw/gl 7 (E/w/+pw) .
00 0z 0 —~—

_J/ (g _J/
N~ -~

| = mechanical production/destruction of £ by wind shear
|| = production/consumption of £ by buoyancy
lll = transport or diffusion terms

IV = dissipation
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PTKE equation

Pseudo-prognostic equation for pTKE (E = %(u’2 + 02 + w'?) :

o g TV TUs, = 5 \EKEG, T (E-E)

0z Te

OE ~OE 9FE  OF a< 8E)1~

e T Pw OE
W|th E/’U]/ —I— T p— —KEW
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PTKE equation

Pseudo-prognostic equation for pTKE (E = %(u’2 + 02 + w'?) :

o g TV TUs, = 5 \EKEG, T (E-E)

0z Te

OE  OE  OE  OE a< 8E)1~

ithe o 4 Pw OF
with: E'w' -+ T — —KEW

What about Kz, 7. = E /e and E?
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. K,, and K,, (ACCOEFK)

¢ K* — Rl[(:nl—’y]{m’y; BE — 6%
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P TKE procedure

n A% v 2
E:(£ Ky = aE, L= VB
10 oFE 1, -
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P TKE procedure
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Stability choices
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Stability choices

Oscillatory tests — X (t — dt) +2X (t) — X (¢ + dt)

» L — v’VE _|mpact at low atmosphere: £ option offers less

Te I,

stability.

» Kp = =\/E - Impact at high atmosphere (above PBL): the

v

use of F is significantly less stable.

* lterative computation of K, - Almost no sensitivity. Few
points improved, bit more deteriorated by iteration
— no iteration to compute K,

* SLHD or QM for sL advection - SLHD together with QM
slightly less stable.
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PTKE - Algorithmics

- two tuning parameters: K, = RiK, K,
(GAMTKE=0. 5),  (NUPTKE=0. 52)

- three level stencil in the vertical for the
Newtonian relaxation (1 /7. are on half levels)

» relaxation and diffusion are computed at once
- tridiagonal matrix

- diffusion should dominate the relaxation
= positive off-diagonal terms are not allowed
(through R;)

« anti-fibrillation scheme works for TKE
diffusion




Validation

PBL height

GABLS II experiment, 100 vert. levels
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Validation

TKE
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Validation

1D model simulation with GABLS Il experiment
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Full model results
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Full model results

hladina modelu
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Parallel test

Difference Daes - Daem
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Near future plans

* new mixing length formulation

» generalization of v

» further stabilization

- shallow convection + ¢;,; problem
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Conclusions

» extension of the Louis scheme
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Conclusions

» extension of the Louis scheme
» time stability (+ anti-fibrillation)

- stable vertical staggering while full level TKE
values

- special effort to stabilize the solver — no
negative TKE values (from physics)

- offers elegant way to sequential convergence
towards a full TKE scheme (mixing length, E)

» suitable for TL/AD code
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