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Why Use Power Density Instead of Speed 
for Mapping Wind Resources?

Wind power varies with distribution of wind speeds, and air density 
(elevation, air temperature and pressure)
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1987 2000

Comparison of Digital Wind Map from 1987 U.S. Wind Atlas
and New (2000) High-Resolution (1-km2) Wind Map 

North and South Dakota



5



6



7

High-Resolution Wind Mapping Approach

•
 

Produces finer than 1 km2 horizontal resolution wind 
resource maps

•
 

Combination of numerical (AWS Truewind), empirical 
and analytical methods (NREL validation)

•
 

Does not depend on high-quality surface wind data
•

 
Preliminary maps are validated and modified
–

 
Formal validations limited to 50 m speed and 
power maps

•
 

Many states re-mapped as part of Wind Powering 
America



8http://www.eere.energy.gov/windandhydro/
windpoweringamerica/wind_maps.asp
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Status of State Wind Mapping and Validation 
(August 2007)

•
 

50-m maps for 36 states and territories have been 
validated by NREL for Wind Powering America (WPA)
–

 

FY07 maps validated include Arkansas and Puerto 
Rico/Virgin Islands

•
 

Methodology is being developed to validate 70 m to 
100 m (modern turbine hub-heights) wind resource 
maps
–

 

“Available”

 

measurements from these heights are uncommon 
and not likely to substantially increase in near future

•
 

First two states for 70 m to 100 m map validation are 
Indiana and Ohio
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Validation Process

•
 

Collaborative process among AWS Truewind, NREL, 
and private consultants

•
 

Validators --
 

NREL and expert consultants
–

 
consultants have access to proprietary data

–
 

use own methods and data
–

 
provide both quantitative scores via a spread sheet 
and qualitative comments

–
 

provide validation results to NREL/AWS Truewind
•

 
AWS Truewind
–

 
produces preliminary map

–
 

reviews validation results to improve map
–

 
produces final validated map
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Major Data Sets Used in Validation

•
 

Federal, state, and utility wind measurement 
programs

•
 

Developer wind data (proprietary sources)
•

 
Meteorological station data from NOAA/NCDC
–

 

Airports and military bases
–

 

Coast guard stations, lighthouses, buoys
•

 
Other wind data
–

 

Highway (State DOT)
–

 

Forest Service (RAWS)
–

 

Anemometer loan programs 
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Accuracy Issues with Wind Measurement Data

•

 

Surface meteorological station wind data issues
–

 

Surface wind speeds (at or near 10-m height above ground) may be 
obstructed by nearby buildings, trees, or obstacles

–

 

A particular station’s wind climate may not represent the wind climate at a 
turbine site

–

 

Changes in anemometer location, surroundings, or equipment can cause 
the wind speeds to change over time

•

 

For example, at airport stations, discontinuities in annual average wind speeds 
due to changes in equipment have occurred since 1992 

•

 

Lack of metadata (such as exact locations and long-term history of measurement 
equipment) for many locations complicate the issue

•

 

Tower wind data issues
–

 

Wind data collected on towers at heights of 20m to 50m+ for wind

 

energy 
prospecting may be available for some locations

–

 

Flow around the tower may effect the wind speed and direction 
measurements

–

 

Missing and questionable quality data may make it difficult to obtain 
accurate estimates of the annual average wind speed

•

 

Questionable data can be due to icing, weather conditions, and sensor problems
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Annual average shear exponents can vary from 1/7 to 0.25, 
causing considerable uncertainty in vertical extrapolations 
of wind resource
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Online Wind Information Availability

•
 

High resolution mapping status and static 
maps
–

 
Wind Powering America web site

•
 

Interactive map server
–

 
U.S. Renewable Energy Atlas

–
 

Non-NREL state and regional applications are also 
available (New England, Northwest, Texas, etc.)

•
 

GIS wind resource map data
•

 
Wind measurement data
–

 
Various sources



21

Online Maps
•

 
WPA site shows 
current high 
resolution maps

•
 

Links provided to 
NREL validated 
and other (non-

 validated) wind 
maps

http://www.eere.energy.gov/windandhydro/windpoweringamerica
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Link to 
Detailed
PDF

Link to 
interactive
map 

Presenter
Presentation Notes
Look of state pages varies.
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Interactive Maps Online

•
 

Allows users to:
–

 
Zoom in to area 
of interest

–
 

Turn on/off map 
layers (county 
bounds, roads, 
zip code, etc.)

•
 

Full U.S. including 
Alaska and Hawaii

•
 

Other interactive 
maps are available 
for specific areashttp://www.nrel.gov/gis

-
 

Interactive zoom tool
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GIS Wind Resource Map Data
•

 
NREL validated 
wind data only

•
 

Geographic 
shapefiles

 
of 

annual wind 
power class

•
 

ESRI ArcGIS
 

and 
ArcView

 
format

•
 

Importable to 
many other GIS 
packages

http://www.nrel.gov/gis/data_analysis.html
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GIS Data Viewer -
 

ArcExplorer
•

 
Free from ESRI

•
 

Allows you to view 
and query 
shapefile

 
data

•
 

Will not come with 
any reference data 
(roads, cities, etc)

•
 

Displaying scale 
bar will show 
latitude/longitude 
coordinates

http://www.esri.com/software/arcexplorer/
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Wind 
Measurement 

Data
•

 
EERC web site 
data shown 
here

•
 

NREL has 
select data sets 
available on 
request

•
 

Datasets are 
also available 
from other 
sources

http://www.undeerc.org/wind/
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•
 

Handbook provides 
guidelines for planning and 
conducting a wind resource 
measurement program

Wind Resource Assessment Handbook

Fundamentals for Conducting
a Successful Monitoring 

Program

WIND RESOURCEWIND RESOURCE
ASSESSMENT HANDBOOKASSESSMENT HANDBOOK

Prepared for:
National Renewable Energy Laboratory

1617 Cole Boulevard
Golden, CO  80401

NREL Subcontract No. TAT-5-15283-01

Prepared By:
AWS Scientific, Inc.

CESTM, 251 Fuller Road
Albany, NY  12203

April 1997
Web Site

http://www.nrel.gov/wind/ 
wind_pubs.html
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