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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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Hasager C.B. and N.O.Jensen, 1999 
Surface-flux aggregation in 
heterogeneous terrain
Quart. J. Royal. Meteorol. Soc. 125, 
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Earth observation satellite data
Land cover types (Landsat TM, SPOT)
Leaf area index   (Landsat TM)
Surface temperature                                        (Landsat TM)

Models
Microscale aggregation model (Risø)
High Resolution Limited Area Model (HIRLAM) (DMI)
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Areal Information System (AIS) http://www.dmu.dk/ais

25 m pixel resolution Position of tall meteorology masts
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Mast observations relate to a given footprint

Wind direction
48 m

2 m 
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Position of 48 m tall meteorology mast

Landsat TM
Land cover map
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Position of meteorology masts

15 km

15 km

Digital vector map from
Kort- og Matrikelstyrelsen
Top10 DK
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Sensitivity to hedges in checkerboard terrain

Synthetic data

0.04 m

0.17 m

Average log z0 = 0.082 m

Distance 
of hedges (m) 1 1.5 2

z0_eff 320 0.109 0.116 0.122

z0_eff 640 0.109 0.115 0.122

Added roughness 320 0.027 0.034 0.04

Added roughness 640 0.027 0.033 0.04



1
5

Slide no.

Regions of different hedge density in Denmark

III

III

IV

I

II

Region Distance 
(m)

Roughness
summer (m)

Rough
ness 
winter
(m)

I 841 0.050
0.040

II 650 0.053 0.043

III 423 0.056 0.046

IV 296 0.060 0.050

Position of meteorology masts
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Foulum
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Input to HIRLAM

Maps of aggregated roughness 
for momentum corrected for 
hedges in a 15 km by 15 km 
grid for summer and winter



2
0

Slide no.



2
1

Slide no.



2
2

Slide no.



2
3

Slide no.

INFO

HIRLAM in spring has a bias of + 0.5 ms-1 over land and – 0.2 ms-1 over sea.

NEW RESULTS

The new roughness map improve wind speed in HIRLAM

FUTURE DEVELOPMENT ON z0
Directional roughness for HIRLAM at higher resolution
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Vegetated land (include grass, grains, decidouos and conifer forest)

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

for z0 < 0.05 m

for z0 ≥ 0.05 m

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

agriculture forest kB-1

z0 (m) 0.05 1.8
LAI 1 1 6.5
LAI 3 3 4.5
LAI 5 5 3.0

soil bush
z0 (m) 0.01 0.5
LAI 0 3 9.2

Typical assumptions 2.3 (or 0)
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Foulum, Denmark
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CONCLUSIONS

•An aggregation model for the roughness for momentum is 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 kB-1 in heterogeneous terrain
based on satellite maps of land cover type, surface 
temperature and LAI.
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