Parametrization of surface fluxes: Outline

A Surface layer (Monin Obukhov) similarity
A Surface fluxes: Alternative formulations
A Roughness length over land

I Definition

I Orographic contribution

I Roughness lengths for heat and moisture

A Ocean surface fluxes
I Roughness lengths and transfer coefficients
I Low wind speeds and the limit of free convection
I Air-sea coupling at low wind speeds: Impact

training course: boundary layer; surface layer



Mixing across steep gradients

Stable BL Dry mixed layer Cloudy BL

VN

Surface flux parametrization is sensitive because of large
gradients near the surface.

training course: boundary layer; surface layer



Boundary conditions for T and g have different character over land and ocean

Surface fluxes of heat and moisture are proportional to temperature
and moisture differences:

Lowest model level
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H=rc,Cilu/(T -T) HoE
E — I’CE ‘Ul‘(ql 'qs) v l l Ts’qs
Surface
Ocean boundary condition Land boundary condition
T =1 H+/E Q &
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training course: boundary layer; surface layer



Parametrization of surface fluxes: Outline

A Surface layer (Monin Obukhov) similarity

training course: boundary layer; surface layer



Surface layer similarity (Monin Obukhov similarity)

h
For z/h << 1 flux is approximately equal
to surface flux. Flux profile
Considerations about the nature
surfacelayer i | \ surf

of the process:

Aziz >> 1 0 [

Adistance to surface determines

turbulence length scale

Ashear scales with surface Scaling parameters:
friction rather than with z

z height or eddy size ( m
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MO similarity for gradients

uJ kz 7

fon = is a universal function of —

Hz U L
dimensionless shear Stability parameter

k (von Karman constant) is defined such thgt= fok z/L =0

M Qkz Z

. is a universal function of —
Uz g.

dimensionless Stability parameter
potential temperature
gradient
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Note that with K_= u'w';s=— 5  we obtain: = —

CHz = kzu /.

training course: boundary layer; surface layer



MO gradient functions s
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Parametrization of surface fluxes: Outline

A Surface fluxes: Alternative formulations

training course: boundary layer; surface layer



Integral profile functions for momentum

Dimensionless wind gradient (shear) or temperature gradient
functions can be integrated to profile functions:

U R , €
P o v U=

iz kz Ki 1z, y
with:

Zom Integration constant (roughness length for momentum)

Y  wind profile function, related to gradient function:

m

fo=1-n® with p=Z
uh L

Profile functions for temperature and moisture can be obtained
In similar way.

training course: boundary layer; surface layer



Integral profile functions: Momentum, heat and moisture

Profile functions for surface layer applied between surface and
lowest model level provide link between fluxes and wind,
temperature and moisture differences.

[XO Zl+zom
U, = —2—{in( ) - Y(z/ L)
r A, .
4 0 + Zom
V, = =L fin(Am Ly 1)
r A, Z,
H + Z
g,- q = In(2—2omy - w2/ 1)
rc, M, Z,
E + 7
6 - 4, =——{In(22m - ¥zl b}
r A, Z

0q

Zom Displacement height: Numerically necess#or large value®f z,

training course: boundary layer; surface layer



MO wind profile functions applied to observations
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Transfer coefficients

Surface fluxes can be written explicitly as:

tx = EM Ul Ul Lowest model level
_ * U 1V ’T ’q
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Surface
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Numerical procedure: The Richardson number

The expressions for surface fluxes are implicit i.e they contain
the Obukhov length which depends on fluxes. The stability
parameter z/L can be computed from the bulk Richardson
number by solving the following relation:

v =949-9, 2z In(2/2y)-y,(z/L)}
g U L{n( z/z,)-y, (/L)

This relation can be solved:
Ateratively:

A\pproximated with empirical functions;
Arabulated.

training course: boundary layer; surface layer



Louls scheme

The older Louis formulation uses:
(Wrf)= €, U/(f -f FARL, 3/ 32, 2/ 7)
k2

With neutral transfer coefficientc =

tn(z/ 2 )1In( 7 )}

And empirical stability functions for Ff(Rib, z,/ Z z/ %f)

f ) Initially, the empirical stability functionss,,
; q" were not related to the (observiedsed)
Monin-Obukhov functions.

training course: boundary layer; surface layer



Stability functions for surface layer

Z1/Z0 = 0.100E+04
SURFACE LAYER

unstable

Z1/20 = 0.100E+07
SURFACE LAYER

Louis et al (dash)
MO-functions (solid)

3
RIB
training course: boundary layer; surtace layer



Surface fluxes: Summary

A/IO—simiIarity provides solid basis for parametrization of
surface fluxes:

w'F)= ClUl(f -f
k2
Con(z) 70 -y (3 I 2 9 -x £k
2, /L= (R}, 2/ 3, 2/ 7)
_94 (@,- @
2
9
Mifferent implementations are possible (#linctions, or R
functions)
ASurface roughness lengths are crucial aspect of formulation.

Alransfer coefficients are typically 0.001 over sea and 0.01 over
land, mainly due to surface roughness.

training course: boundary layer; surface layer
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Parametrization of surface fluxes: Outline

A Roughness length over land
I Definition
I Orographic contribution
I Roughness lengths for heat and moisture

training course: boundary layer; surface layer



Surface roughness length (definition)

Example for wind:

fSurface roughness length is defined on | z

om

the basis of logarithmic profile.
A-or z/L small, profiles are logarithmic. 0
ARoughness length is defined by 1
Intersection with ordinate. o
. L 0.01f
Often displacement height is used - U
to obtain U=0 for z=0:
Z+Z
U = =) ARoughness lengths for momentu
K Zom heat and moisture are not the san
ARoughness lengths are surface
properties.

training course: boundary layer; surface layer



Roughness length over land

Geographical fields based on land use tables:

Ice surface 0.0001 m
Short grass 0.01m
Long grass 0.05m
Pasture 0.20m
Suburban housing 0.6 m
Forest, cities 1-5m

training course: boundary layer; surface layer



Roughness length over land (orographic contribution)

Effective roughness length:

In(

ASmall scale sulgrid orography contributes substantially to

surface drag due to pressure forces on orographic features
(form drag).

Aeffects are usually parametrized through orographic
enhancement of surface roughness.

Drag is determined by U

nNnsi |l houette area—b_p'er‘_

unit surface area. % SA
A

SA
drag =C_U° <

h+ z S

V4
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Roughness length over land (orographic contribution)

Orographic form drag (simplified Wood and Mason, 1993):

Los — 9 bC_qg°U*(h )

’

b Shape parameters

- Drag coefficient
Silhouette slope
Wind speed

-~ Reference height

O D

> C Q

Vertical distribution (Wood et al, 2001):
fo — l‘os e- z/h,

training course: boundary layer; surface layer



Parametrization of flux divergence with continuous orographic spec
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Assume: hm ~1/ k

100
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g° = pk° F (k) dk
kO

Write flux divergence as:

Lz ON - zk/
©=-2r a &, f{KF(k)U°(c,/k)e " dk

pz .

training course: boundary layer; surfaBekaars, Brown and Wood, 2003



Roughness lengths for heat and moisture

ARoughness lengths for heat and moisture are different from the
aerodynamic roughness length, because pressure transfer (form dr.

does not exist for scalars. G, = 4z, 0) byexuapoiaion

L<0:+ 2 0 %
6 g, 8z, ©
0n_0 i L>0:* 9,- ¢ —;maezo—m 0 ®
" 4 CABAUW &5 = *
_ 0% = q Zom o0 x o Bk %

A/egetation: roughness.
lengths for heat and
moisture are ~ 10x o
smaller than 3
aerodynamic
roughness.

T

-.300 -.225 -150 -.075 0 .075 150



Parametrization of surface fluxes: Outline

A Ocean surface fluxes
I Roughness lengths and transfer coefficients
I Low wind speeds and the limit of free convection
I Air-sea coupling at low wind speeds: Impact

training course: boundary layer; surface layer



Roughness lengths over the ocean

Roughness lengths are determined by molecular diffusion and
ocean wave interaction e.qg.

2

U, n
z =C +0.11— , C

IS Charnock paramete

om ch ch

g U,
4

Z, =0.40—
u*
4

Z,, = 0.62—
u*

Current version of ECMWF model uses an ocean wave model
to provide seatate dependent Charnock parameter.

training course: boundary layer; surface layer



Transfer coefficents for moisture (10 m reference level)

Cin Neutral exchange coeff for evaporation

CEN x 1000
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Low wind speeds and the limit of free convection

At zero wind speed, coupling with the surface disappears e.qg.

for evaporation:
Lowest model level

IE=1r/ CM ‘Ul‘(ch - qs) 1 e UV T0p
H
Y4
H=r CpCH \Ul\(ql- q.) ' l l
0q
Surface
Extension of MO similarity
with free convection velocity: —dnversion
where  U,|- UZ2+v2+w?)"” )
and w, =\(g/T)(-H/rc)h|"”
( " )1 1O DO Q&

Surface

training course: boundary layer; surface layer



Alir -sea coupling at low winds

e
p(qg,—-q,) ECMWF pre-revision
0.03 e SR <
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Revised scheme: Larger coupling at low wind speed-®ms?)

training course: boundary layer; surface layer



AlIr -sea coupling at low winds (control)

Precipitation, JJA; old formulation

training course: boundary layer; surface layer



