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• provide wind resource data accounting for high resolution effects 

 

• use microscale modelling to capture small scale wind speed variability 
(crucial for better estimates of total wind resource) 

• use a unified methodology  

• ensure transparency about the methodology 

• validate the results in representative selected areas 

 

For:   

• Aggregation, upscaling analysis and energy integration modelling for 
energy planners and policy makers 

 

Not for:  

• Not for wind farm siting 
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The global wind atlas objective 
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Wind resource (power density) calculated at different resolutions 
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323 W/m2 

410 W/m2 

 

505 W/m2 

641 W/m2 

 

mean power density of total area  mean power density for windiest 50% of area 
 
Wind farms are not randomly located but are built on favourable areas 
 

Mesoscale Mesoscale 
+ 

microscale 

Project context 
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Model chain  
Downscaling 
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NWA  GWA  SWAsP 
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Model chain  
Global Wind Atlas implementation  
 
 • Military Grid Reference System 

(MGRS) form basis of the job 
structure 

 

• MRGS zones are divided into 4 
pieces (total 4903) 

 

• 2439 jobs required to cover 
land and 30 km offshore  

 

• Frogfoot system runs WAsP-like 
microscale modelling. Inputs 

 

– Generalized reanalysis winds 

– High resolution elevation and 
surface roughness data 
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Model chain  
What is Frogfoot? 
 
 

core Frogfoot-server components  
ancillary components  run on user PC 
data that is input into the system 
result outputs 

Like WAsP this is 
developed in 
partnership with 
World In A Box 
based in Finland 
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Frogfoot components 
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Job Creation  

Job Management Console  

WAsP Worker 

Results Exporter 
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WAsP Worker(s) 

Model chain  
How to work with Frogfoot? 
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Microscale  
Orographic speed-up 
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Streamlines closer together means faster flow 

Modification of the wind profile  

Winds speed up on hills 
 
Winds slow down in valleys 
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Microscale 
Surface roughness length 
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New log-profile 

Transition profile Unchanged profile 

Rule of 
thumb:   
  1:100 

Microscale 
Surface roughness change  
  
 

Accounted for 
by roughness 
speed-up and 
meso roughness 
parameters 
from WAsP flow 
model 
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Datasets: atmospheric data 
 
 

Reanalysis 
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Product Model system 
Horizontal 
resolution 

Period 
covered 

Temporal 
resolution 

ERA Interim 
reanalysis 

T255, 60 vertical levels, 
4DVar 

~0.7° × 0.7° 
1979-

present 
6-hourly 

NASA – 
GAO/MERRA 

GEOS5 data assimilation 
system (Incremental 

Analysis Updates), 72 levels 
0.5° × 0.67° 

1979-
present 

6-hourly 

NCAR 
CFDDA 

MM5 (regional model)+ 
FDDA 

~40 km 1985-2005 hourly 

CFSR 
NCEP GFS (global forecast 

system) 
~38 km 

1979-2009 
(& updating) 

6-hourly 
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Datasets terrain: elevation and roughness  

Topography: surface description 
 

Elevation  
 
Shuttle Radar Topography Mission (SRTM)  resolution 90 - 30 m 
 
Viewfinder, compiles SRTM and other datasets  resolution 90 - 30 m 
 
  
ASTER Global Digital Elevation Model (ASTER GDEM) resolution 30 m  
 
 
 
Land cover  
 
ESA GlobCover     resolution 300 m 
 
Modis, land cover classification    resolution 500 m 
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Challenges in determining surface roughness 
 
 
GLOBCOVER 
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Challenges in determining surface roughness 
Roughness lengths used in the GWA 
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Synthetic Aperture Radar 
S-WAsP Global Wind Atlas 

Validation 
 
 
 

Synthetic Aperture Radar 
 
The limitations of this method include  
• that only onshore areas can be mapped 
• the extrapolation of wind speeds to Global Wind Atlas heights 

introduces uncertainty.  
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Observational Wind Atlas for Illinois 
Munoz-Najar (2015) Global Wind Atlas 

Validation 
 
 
 
Against high resolution resource maps generated from measurement 
based generalized winds. 
 
A limitation is the comparison is being made against, in part, results of 
modelling. 
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Validation 
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Numerical wind atlas 
KAMM / WAsP Global Wind Atlas 

Against validated numerical wind atlas results  
 
Advantage is that the validation can be done over land 
The limitation is a comparison is being made against results of modelling, 
so it is not a comparison against measurements. 
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National Validated Numerical Wind Atlas 
WASA project 
http://www.wasaproject.info/ Global Wind Atlas 

Validation 
 
 
 

Against validated numerical wind atlas results  
 
An advantage is that the validation can be done over land 
A limitation is a comparison is being made against results of modelling, so 
it is not a comparison against measurements. 

http://www.wasaproject.info/
http://www.wasaproject.info/


DTU Wind Energy, Technical University of Denmark 

Add Presentation Title 
in Footer via ”Insert”; 
”Header & Footer” 

Global Wind Atlas at DTU 
globalwindatlas.com 
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Global Wind Atlas at DTU 
globalwindatlas.com 
Surface roughness length 
 



DTU Wind Energy, Technical University of Denmark 

Add Presentation Title 
in Footer via ”Insert”; 
”Header & Footer” 

24 

Global Wind Atlas at DTU 
globalwindatlas.com 
Orography 
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Global Wind Atlas at DTU 
globalwindatlas.com 
Orographic speed up for westerly winds at 100 m  
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Global Wind Atlas at DTU 
globalwindatlas.com 
Mean wind speed at 100 m  
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Global Wind Atlas at DTU 
globalwindatlas.com 
Top-quartile mean wind speed at 100 m 
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Global Wind Atlas at DTU 
globalwindatlas.com 
Tools, e.g. power density for windiest areas at 100 m 
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Global Wind Atlas at DTU 
globalwindatlas.com 
Mean wind speed at 100 m 
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Global Wind Atlas at DTU 
globalwindatlas.com 
mean wind speed high ruggedness masked out (RIX) 
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We can use the EUDP Global Wind Atlas to determine global potential 
accounting for high resolution effects and get a better spatial breakdown. 
 
 
The challenge is to create a consistent approach, with range of tested 
assumptions, available for the community to scrutinize.  
 
The Global Wind Atlas makes this easier via  
 

• Transparency of methodology 
• Providing data to allow annual energy production calculation 
• GIS integration of datasets 

 
 
 

 
Future application 
Global assessment of the technical potential 
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Global assessments of the technical potential 
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IPCC Special Report on Renewable Energy Sources and Climate Change: 
range tech. pot.  19 – 125  PWh / year (onshore and near shore)  
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Power 
density 

Capacity 
factor 

200 0.00 

400 0.25 

600 0.32 

800 0.36 

1000 0.39 

1200 0.42 

1400 0.43 

1600 0.45 

1800 0.46 

Assumption:  
5 MW per km**2 capacity density 
Annual production from wind.  
 
 
all                    581 PWh  
low ruggedness    528 PWh  
low ruggedness onshore   344 PWh 
 
Note: 1 PWh = 1e15 Wh    

high ruggedness (RIX) 
near offshore 
land (low rix) 
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Thank you for your attention 
 

 

http://globalwindatlas.com/map.html 

http://globalwindatlas.com/methods.html 

http://globalwindatlas.com/datasets.html 

http://globalwindatlas.com/tutorials.html 

 
Contact: 

jaba@dtu.dk 

 

Funding: 

EUDP 11-II, Globalt Vind Atlas, 64011-0347 
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