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The situation:

Sub grid scale structures of the earth surface

|

Interaction between surface elements and the surrounding air

(roughness layer- or canopy terms)

have to be considered in the lowest part of the atmosphere
Z

roughness layer
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Usually, the lowest model layer

IS much bigger than the roughness layer

|

canopy terms do only appear in the transfer scheme at the

surface, usually expressed by the help of specific roughness

length values for the transported properties.

z

Inertial sub layer /
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The problem with a resolved roughness layer:

Over areas with large roughness elements (within cities, forests and mountains)
the canopy is often higher than the depth of the lowest layer but the model

equations do not contain canopy terms so far.

!

simulation errors especially over mountains

lowest model

layer
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Questions:

- How do canopy terms in principle enter to the model equations?

- Are there different possibilities to express these canopy terms?

- What is the effect of the choosen coordinate system?

- |s there a practical way to describe a vertically resolved roughness

layer?
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The coordinate system:

The model equations must be solved on a numerical grid.

We choose a regular grid, belonging to a local Cartesian coordinate system

S , such that

(X, Y Z) with a physical vertical coordinate

}DZ:DS

vV %
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Thefilter operator:

In order to apply a numerical approximation of the derivatives in space on the variable

fields, they have to be filtered in space with respect to a horizontal length scale

comparable to the horizontal grid spacing D, = DX =Dy .

The filter is defined as a moving average along the air containing part Q|s (r_) of a
shallow cubic grid box in the S -system:

(JEE R gy

Qs (L) s Q, () average, [ weighted average




[OEVE Sy
TR

is the averaging volume in the z-system and
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For S Q(L) the according fluctuations are defined as follows:

V&s)=V(s)- V(t) og  VES)=V(s)- V(r)

Vo=0= Ve
v, W

If D > (Q is adifferent grid spacing, we write or for the
1

I
averages and (\/)D or( p for the corresponding fluctuations.

With this definition it is:
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M athematical reason for the canopy terms:

Sub grid scale dope of the
model layers

or

I ntersections of roughness
elements

10

Averaging and
differentiation in space (flux
divergence) can no longer be

commuted

Canopy termsinthe
averaged model equations
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The filtered budget equation:

) 8%&9 gélxg g%|s - ﬂxzsﬂzf;]:Nh| Rz - horizontal Cartesian gradient operator
N=gR=ct,-=cf, |, - 1,20, [~ o
N5 &1 5 8." ; vertical gradient operator

£1 :1 rf &g-r K'Nf, fisascalar component in j-direction of the non advective
j - %(rvﬁf’;- d, pd)_ r uvai , f =v isavelocitycomponent flux for abudget variable f

I o
P 5@ V# dynamic pressure

Grid scale Pure atmospheric Sub grid scale I nter section
divergenceof  [correction transf. (or slope correction .
correction p:=p,+p, total pressure
— I >{— "A) - 7 . For all budget
- fder o V¢ .
ﬂtr = N rfy +NXf_ -ﬂth >(ths) +N><ff variablesf
Grid scale divergence | Vertical divergence of | Outflow into
of the mean non the non advective inter sected bodies
advective (turbulent | fluxesthrough the -$and flux divergence
and laminar) flux surface by volume reduction
NI
Rixf
+N D ~ ¢ [N pt Onlyiff =y isa
P -1, p(Ni Z ) N.p velocity component
Gradient in i-dir. of and N> =0

mean pressure Form dragin i-direction
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z Z 5 V.,
—
plee < pluv
A A

No inter section correction No transfor mation cor r ection
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A new concept: The "orographic approximation” OA:

S =const 2, S = const

Z AM
U

For any real surface (RS) of the earth, there exists an “equivalent orographic surface” (EO),

which has the following meaning:

There exists a mapping from the S -surfaces belonging to the EO towards
corresponding S -surfaces belonging to the RS with the following properties:

~

The S -surfaces cover the RS

~

The S -surfaces do not intersect

~

The S -surfaces have the same magnitude like the corresponding S -surfaces
The including air volume between two S -surfaces is the same like that

between the two corresponding S -surfaces

The average of all model variables along the air between twoS  -surfaces

is the same as that one belonging to the corresponding S -surfaces

V

No intersection terms must be
considered
But the sub grid transformation

terms have to be parametrized.
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The general boundary layer approximation GBA:

A substitute of the horizontal boundary layer approximation (HBA)

Filtered or ography: iso-surface with:

D(s)

z=7) §°6) congt

flux gradient
relation with
respect to the
sale (s )

— =0,
slope of the equivalent orography: Ay = atn(ﬂxzs )
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The surface area function (SAF):

s’(s )=

2
Iqh(ZD(s ))(T Variance of the surface slope Scz) = ‘Nh(z )‘2 = tanz(ao)

1 for scalars

o i
Si= 1+ +s° =y1+tan’(a) = Ee 12 = o af:%

a’" for momentum

= 4

drag parameter

B .~ averaged non advective flux
N xf :ﬂzb Xf3J divergence for scalars

drag flux density

f—%

~ ~ s, — . .\qul @veraged stress vector
N xf +Nip=NirJ+ﬂz§Xf§‘ - p(f,z,)
—

divergence for momentum

oo

_/

~

gY )2 f_" specific SAF for momentum

T3 /including form drag




Roughness layer architecture:

* decomposition of the orography in spectral interval modes:

- the i-th mode includes all wavelengths in: ]Diﬂ, Di]

D. horizontal scale «— s. blending height \

i i 5°(s )=

land use groups model half levels

2
N s5.06)g slope variance
h? 53 profile function

* simple vertical profiles of the slope variance profile function of each mode:

step function <«—» d-variance spectrum of the mode

It holds the relation: s?(s )= 3 s’(s)
=1




The canopy architecture with spectral decompaosition in orographic modes:

In? 9 t In? 9
S m@ Aterrain modes S md A

Sms " \ ) s »50m
city : : ; blending height of the higgest
: homogenous land use canopy
. . S »30m: | e

_ ; Variance profile of ad -spectrum
Si=Sma Eforest . s »16 m
Si+1 =S m3

H— ._ ________ _%__ lowest full level

Smo scree, cr r \ :
transfer layer

Sm1 | bare soil ass, ice \ V4 A H g . y

0 =s i i \; ZI / L\ - J
-1 -1 -1 2
Ps APO Ji1 Pn 0 S (0)

vafriance profile of thei-th mode

Band pass :i‘iltered variance spectrum of the i-th mode

D, D' DL D

1 m
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Relations to available external parameters
. . ' Z— 2 . .
Define the horizontal surface area function (Si ) =1+ S, for a single mode i.

Combination of the GBA-results with the logarithmic wind profile above a roughness layer leads to the
following relations between the blending height S; |, the roughness length Z,, ,the

displacement height d; and the mean dynamic surface area index S.
S.
s, s _I(s.)_
= =0 ="""Sr dy % 2
A Si 0 Si k : | % |
A o in the rough case 3
SI SI A
k
1 d,| =—
d 3 z°¢) = congt
0 a| dz s
d_ v
Z, k= \
kil \/ o a = acs29
S, S eSg X
0 | 4—— roughcase ———» . >
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Extension for the turbulence scheme in GBA:

Substitution of the vertical turbulent fluxes in the shear terms of the 2-nd order equations by those

multiplied with the appropriate surface area function (effective vertical fluxes)

Mellor/Yamada-Scheme with HBA replaced by the GBA, where the gravity vector assumed to be

normal to the mean orography.

> Same kind of flux gradient representation, but :

. . . . H M .
coefficients in the linear equation for S” and S are modified
by the surface area functions
shear term in the TKE-equation contains the specific surface area

function for momentum expressing wake turbulence production

The resistance law in the constant flux layer can also be generalised by the help of the surface
area functions
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Conclusions:

As averaging and differentiation in space can not be commuted near the surface, additional
roughness layer terms arise and have to be considered in a shallow lowest model layer.

In the orographic approximation, model layers are not intersected by roughness elements.
Then roughness layer terms can be explained purely by coordinate transformation and have
the form of correlations between sub grid scale model layer slopes and the model variables.

In the general boundary layer approximation, roughness layer effects can be expressed by
consideration of simple surface area functions.

The subgrid scale orography can be decomposed in_spectral modes, each with an own
blending height and an own surface area index.

The surface area index and the blending height can be related to the roughness length and the
displacement height of the surface structure.

The second order turbulence closure can be generalised for the roughness layer.

First implementation, testing (and parameter tuning) will be done using the single column

framework. v
poster
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The modéd equations:

5 prognostic variables:

= v. ,i=123 Velocity components (momentum
concentration)
d,, Mass fraction of the total water content
q liquid water potential temperature

Prognostic budget equations:

T(rf)+ | N>E'

e %
F o =rfv, -

— N
=Q general budget

f
4 j-component of the total flux density for the

property f

LM User Seminar

DWD 08.03.2004
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with the non advective molecular flux density components:

o i -1 KA f for scdarsf =q,, q,
j _%- ru(‘ﬂivj +1iji)+dijp for momentumf =v
k" :  molecular diffusion coeff. u: kinimatic viscosity

and the source terms:;

I N’%C »0 (for moist adiab. idedizati on) f =q (conservative)
p

|

1

| 0 f=q, conservative
% - d,rg- 2r (W v) f =v  not conservative

S:

radiation flux density . angular vector of the earth

g: gravity of theearth p: Exner factor
C,: heat capacity of the ar a constant pressure

LM User Seminar DWD 08.03.2004



- The transformation T fromthe S -systemintothe Z -system with
respect to a scalar field V can be described by the following relation:

(xys )T A* 9@ (x v,z (x )l A* 930V A
\ ¢ r

- Derivatives in space transform as follows:

ﬂjvz :ﬂj\/|s - ﬂZS Tls.\/|sﬂjz's ’JT (1,2)£(X,y)
1Y, =151,
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The problem of the filtered horizontal gradients

If roughness elements are intersecting a grid box, derivation in space and
averaging can not be commuted:

TiVs =TV +T,VE
o

consists of a tem due to the volume reduction
and a integral along the surfaces of
intersected bodies
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. The averaged derivative along a horizontal coordinate of the Cartesian

Z -system:

V=% - ﬂZSﬂ\{‘ITZS ﬂzsﬂsgmzs HT\E i=xy
R Y |

ﬂi VZ ﬁ sub grid
transformed ﬂzé\/& 1z g | scale
grid scale _ mtersec.tlon
gradient sub grid scale correction
transformation
correction
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Former solutionsin LM

They all refer to coordinates following the mean orography.
= NO sub grid scale transformation correction needed

- The old scheme and even the operational configuration of the
new scheme do not contain any sub grid scale intersection

correction as well

=% No canopy term is included at all

LM User Seminar DWD 08.03.2004
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The old scheme:

The canopy
height is lowest model

assumed to be layer
small
compared to
the depth of the
lowest model
layer

The operational scheme:

The canopy is
assumed to be
below the
lowest model
layer
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The up to now incomplete extension version of the operational scheme contains
intersection terms at least in the momentum budget:

The canopy is resolved
by model layers

The intersection terms
have to be parameterized

A r lowest model
0

For each inner canopy layer X
layer:
external parameters 0 Dx

a soil model

LM User Seminar

DWD 08.03.2004



. JEr
Deutscher

.

The general boundary layer approximation GBA:

A substitute of the horizontal boundary layer approximation

For any levelS > O there exists a strictly in S monotonic growing horizontal scale D(S ) > 0, which

Is the largest scale that has for any model variable V the following properties:

For any smaller scale X £ D(s ) it is:IVNthq: =0

For any larger scale X * D(S ) it is : thxls =0,

— 5D
Is Vn the velocity component normal to the idealised iso-surface S(S ) givenby Z2= &% &) ,itis:
OD(S) — O — 1‘|’ \’7D(s)

It holds a flux gradient relation for all sub grid scale fluxes with respect to the scale D(S ) .
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