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Coupling between the surface and the atmosphere

• Multifaceted, including the radiation flux cou-

pling. . .

• SURFEX computes surface variables.

• These include T2m, q2m and U10m from the lowest

model level and the surface variables.

• T2m and q2m are assimilated, which affects the surface

variables.
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Hirlam modification of the Geleyn (1988) solution

Hirlam diagnostic formula modification

(Sass & Woetmann Nielsen 2008).



Dian, CMHI, revised Kuhlmann (2009) solution

Dian (2016)



Empirical φ-functions
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Woetmann Nielsen (2017). (5) and (6) have been proposed by Zilitinkevich et
al. (2013).
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Analytical solution for the stability parameter ζ

ζ3 + Aζ2 + Bζ + C = 0 (8)

A =
k · ah1 − k · kθ(amk )2Rib

ah2
(9)

B =
k2(α + β)− 2k · kθ amk αRib

ah2
(10)

C = −k · kθα
2Rib

ah2
(11)

α ≡ ln

(
z

z0

)
β ≡ ln

(
z0

z0θ

)
The condition for one and only one positive solution to (8) is that
z0θ >

z0
39.81 (Woetmann Nielsen 2017).





Computing u∗ and θ∗

u∗ =
kV (z)

α− ψmBH(ζ)
(12)

θ∗ =
kθ(θ(z)− θ(z0θ))

α + β − ψhBH(ζ)
, (13)

−ψmBH = aζ + b(ζ − c

d
)exp(−dζ) +

bc

d
, (14)

−ψhBH = (1 +
2

3
aζ)

3/2

+ b(ζ − c

d
)exp(−dζ) +

bc

d
− 1, (15)

with a = 1, b = 0.667, c = 5 and d = 0.35 (Beljaars & Holtslag 1991; Li 2010).



Computing the diagnostic U, T and q

V (z10) =
α(z10)− ψmBH(ζ10)

α(z)− ψmBH(ζ)
V (z), (16)

ζ10 = ζ 10
z .

∆θ(z2) =
α(z2) + β − ψhBH(ζ2)

α(z) + β − ψhBH(ζ)
∆θ(z), (17)

∆q(z2) =
α(z2) + β − ψhBH(ζ2)

α(z) + β − ψhBH(ζ)
∆q(z), (18)

In (17) and (18) are ∆θ(z) = θ(z)− θs and ∆q(z) = q(z)− qs provided by the
model and ∆θ(z2) = θ(z2)− θs and ∆q(z2) = q(z2)− qs, where θs and qs are surface

skin values (Woetmann Nielsen 2020).



Summing up the proposed method

• An analytical solution for the stability parameter ζ

is proposed.

• From this u∗, θ∗, V10m, ∆T2m and ∆q2m can be

calculated.

• This can be done without the use of surface exchange

and drag coefficients.



Challenge #1: Computation of the surface Richardson

number

• In SURFEX (.../surface ri.F90) the bulk Richardson

number for the surface layer is computed from the

virtual temperature.

• Thus, it is affected by the surface “skin” humidity.

• In the MEB part of SURFEX and elsewhere, the bulk

Richardson number for the surface layer is computed

from the potential temperature, and is thus unaf-

fected by the skin humidity.



Challenge #2: Choosing proper test cases
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Challenge #3: A consistent implementation of the

method is needed



Conclusions (so far. . . )

• We question the use of a surface layer bulk Richard-

son number based on virtual temperatures.

• Care should be taken to study cloud free cases only

when trying to optimize the stable surface layer

parametrization.

• The new scheme needs to be tested with a consistent

implementation.

Thank you for your attention!


