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MOTIVATION

To improve weather forecasting and climate models
by introducing aggregated roughness values for

momentum and scalar surface fluxes.
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Definition of aggregated friction velocity
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Definition of effective roughness

K U(z)

< Ux >

)

Z Oeff — Z/eXp(



Hasager C.B. and N.O.Jensen, 1999

Index list Surface-flux aggregation in
l heterogeneous terrain

Quart. J. Royal. Meteorol. Soc. 125,
2075-2102




Earth observation satellite data

Land cover types (Landsat TM, SPOT)

Models

Microscale aggregation model (Riso)
High Resolution Limited Area Model (HIRLAM) (DMI)
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Land cover type Rouwhnes!

0001

.03

008
Grass heath 004
Permanent short grass 0003
Grazing .08
Ml adonnr 004
Bush/grass heath 1
Bush/heathar 1
Bush forest 1.8
Deciduwous forest 1.8
Coniferous forest 1.8
Ml Sdhonar o004
Aariculture .05
Dizcontnuous urban 05
Continuous arban 1.2
Beach forest 1.8
¥oung forest 1.8
Spruce plantation 1.8
Mixed forest 1.8
Mountain pine 1.8
Crak forest 1.8
Lark forest 1.8
Clearing 0.3
Sparse coniferous 1.8
Heathear 004
Peaat hoo .08
Set-aside 008
Juniper haath .04
Heathland 004
Agriculture /grassland 05
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Mast observations relate to a given footprint
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Landsat TM
Land cover map
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Landsat TM 18'05'1998, FOUlLIm ﬁ " 1 Kilometers
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Cover type Area {ha) Cover type Areaiha)

forest 4740
grass 4257
winterwheat 3847

maize
beets
clover
springbarley 2349 set-aside
winterbarley 1466 heather
springpeas 1446
peas 1237

rape 331
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Digital vector map from
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Sensitivity to hedges in checkerboard terrain

Distance
of hedges (m)

Synthetic data

Added roughness

Added roughness

Average log z,= 0.082 m




Regions of different hedge density in Denmark

Distance Roughness Rough

(m) summer (m) ness
winter
/m\

841 0.050 o
0.040

+Positi0n of meteorology masts




Foulum

©
N

Average data
Model with hedges

—_—
E
"
7]
0
c
£
o)
=)
)
14




b

Tystofte

6 7

NA- 4+1
TVITOTITIUTY

6 7
Month

Landscape 1998 —8——Tandscape 1999

—&——Landscape 2000

——]andscape average




Month

Landscape average —¥—Microscale model —@— M icroscale model+hedge




Input to HIRLAM

Maps of aggregated roughness
for momentum corrected for

hedges in a 15 km by 15 km
grid for summer and winter
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INFO

HIRLAM in spring has a bias of + 0.5 ms! over land and — 0.2 ms-! over sea.

NEW RESULTS

The new roughness map improve wind speed in HIRLAM

FUTURE DEVELOPMENT ON gz,

Directional roughness for HIRLAM at higher resolution
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Ix-formula

Vegetated land (include grass, grains, decidouos and conifer forest)

ZO
5.85
LAI2/3

CXp( u*1/3)

Bare land (include bare soil, ice, snow and urban areas)

Zos =

29
4 eXp(103\/ZO7*) fOI'Z0<O.05 m

29

Z
t eXp(23\/Z) forz,>0.05 m

All quantities are in MKS units.
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Bare soilto urban
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Results from synthetic checkerboard terrain case

agriculture forest kB!
z,(m) 0.05 1.8
LAI 1 1 6.5
LAI 3 3 4.5
LAI 5 5 3.0

zy (m)

Typical assumptions




Foulum in Denmark from Landsat TM 28 April 1998
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Foulum, Denmark
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CONCLUSIONS

® An aggregation model for the roughness for momentum 1s used to
calculate the grid-averaged roughness including hedges for
Denmark.

®The new roughness maps are succesfully tested in the HIRLAM
weather forecast model.

® An aggregation model for the roughness for scalars is developed
that explicitely calculates £B-/ in heterogeneous terrain

based on satellite maps of land cover type, surface
temperature and LAL
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