
W
ind project developers
need to know where the
wind blows strongest to

site their projects most profitably.
Once a project is in operation, the
owners or power purchasers need to
know when the wind will blow – in
the next few hours or the next few
days – to manage their generation
assets most productively. What do
these different needs have in com-
mon? Atmospheric modeling.

Atmospheric modeling plays an
increasingly important part in pro-
moting the development and use of
wind energy. Using atmospheric
models, firms produce maps of the
wind resource in numerous states
and countries around the globe.
These firms, both European and
American, also provide wind fore-
casts. These services help accelerate
the development process and in-
crease the value of wind energy in
the power market.

Atmospheric modeling has not al-
ways played such a big part in the
wind industry as a whole. In the
1980s, atmospheric models for wind
energy applications were in their in-
fancy. There was WAsP, from Europe,
but it had been shown to have prob-
lems predicting wind speeds accurate-
ly in the complex terrain and wind
climates found in the U.S. A Califor-

nia mountain pass is nothing like the
plains of northern Europe! Most
American wind meteorologists conse-
quently avoided WAsP and other, sim-
ilar models in favor of measuring the
wind in as many locations as possible.

As for wind forecasting, there was
not much need for it before the sec-
ond boom of wind energy in the
mid-1990s. As long as utility compa-
nies got only a tiny fraction of their
energy from wind, the fluctuations of
wind output were simply in the
“noise” of normal variations in pow-
er demand.

True, this was not the case in Cali-
fornia, where the fraction of power
supplied by wind was pretty high –
close to 10% – in certain areas and at
certain times. But even there, power
companies managed to get by with
little or no forecasting, in part be-
cause fixed-price, take-all contracts
gave wind producers no incentive to
provide forecasts, and also because
the utilities purchasing the power
could pass any costs created by wind
fluctuations on to the consumer.

This situation was bound to
change as the wind industry grew,
models improved and the electric
power industry deregulated. Today,
atmospheric modeling is a key to en-
abling wind companies to maximize
their profits and reduce their risks.

The financial costs of inadequate
models is greater now than at any
time in the brief history of utility-
scale wind generation.

Where does atmospheric model-
ing stand today? And what are its
hopes for the future?

Wind mapping is key
It is appropriate to start at the be-

ginning of the development process.
Many developers want to find project
sites in regions that have not already
been picked over by others. That
means that there is usually little or no
reliable data from tall towers to indi-
cate how much wind is available and
where the best locations are.

Atmospheric modeling using a
combination of mesoscale and mi-
croscale models can overcome this
hurdle. One approach is to create
high-resolution wind resource maps
of large regions, such as a state or
country, without the need for surface
wind data. Naturally, most of the
maps are proprietary. But the same
technique can be used to create pub-
lic maps of the U.S. for the U.S. De-
partment of Energy’s Wind Powering
America program

This approach is based on two
models: A mesoscale weather model,
which develops a picture of the his-
torical wind climate in the region at a

Copyright © 2007 Zackin Publications Inc. All Rights Reserved.You may subscribe to North American Windpower online at www.nawindpower.com

®

Reprinted with permission from the February 2005 issue

Atmospheric Modeling 
For Mapping And Forecasting

An increasingly important part in promoting the development and 
use of wind energy is being played.

BY MICHAEL C. BROWER

http://www.nawindpower.com


scale of about 2 km, and a mass-
conserving microscale wind flow
model, which accounts for local ter-
rain and surface roughness changes
at a scale of 100 m or 200 m.

Mesoscale models are useful for
simulating complex wind climates
featuring time-varying temperature
gradients, stability effects, tempera-
ture inversions and other phenome-
na, like the California mountain
passes mentioned earlier. But they
require a lot of computer power,
making them impractical for dealing
with very fine-scale features, where
microscale models can excel.

The usefulness of wind maps de-
pends a lot on their accuracy, of
course. Our philosophy is to never
trust a model unless you can demon-
strate its effectiveness against data –
and not just from one or two stations,
where you might get lucky, but from
hundreds.

Naturally, developers should not
make big investments or try to get fi-
nancing for their projects on the ba-
sis of the maps alone: On-site
measurements are always needed to
confirm the resource. Whatever the
type, atmospheric models are a tool
to assist conventional wind resource
assessment, not to replace it.

Managing wind risk 
Atmospheric models have anoth-

er use – predicting the future up to a
few days ahead. How does that work?

Like everything else in the uni-
verse, the atmosphere obeys the fun-
damental laws of physics. Those laws
– such as conservation of mass, mo-
mentum and energy – are embodied
in mesoscale weather models. Know-
ing the state of the atmosphere at a
given moment in time – including
the temperature, pressure, wind,
cloud cover and other variables – the
models predict how the atmosphere
will evolve in the future.

Neither the data used to initialize
the models, nor the models them-

selves, are perfect, however. Probably
the biggest problem is the data.
Weather models are driven by data
from a wide variety of sources.

The most important of these –
including weather balloons, surface
met stations and radar profilers – are
spaced widely apart and provide
poor coverage over the poles and
oceans. As a result, the location of a
cold front, or the precise depth and
extent of a low-pressure trough, can-
not be determined with high preci-
sion. Starting from such an imperfect
picture, the models inevitably diverge
from reality over time.

Even so, they do a surprisingly
good job. When forecasting the wind
one to three days in advance, models
can reduce errors in the predicted
wind plant output for any hour by up
to 60%. (The standard of comparison
is a climatological forecast, in which
the energy output in the future is as-
sumed to be the same as that in the
last month or year.) Typically, the
mean absolute error in day-ahead
plant output forecasts is about 15%
to 20% of plant capacity.

When forecasting just a few hours
ahead, recent information from the
site (wind, plant output) can be
added to the mix to reduce the errors.
This is done through a statistical
model of some kind, such as a multi-
ple linear regression, an artificial
neural net (ANN) or a support vector
machine (SVM). With such tech-
niques, the mean absolute error can
be reduced, to around 5% to 7% for
one-hour-ahead forecasts.

Over the next several years, virtu-
ally all plants in North America are
expected to receive wind forecasts
from one provider or another.

Trends in forecasting
While we think wind forecast ac-

curacy is pretty good, there is certain-
ly room for improvement. Wind
forecasting firms are involved in sev-
eral research projects to advance the

science of wind forecasting.
For example, AWS Truewind is in

the middle of a research grant funded
by the California Energy Commis-
sion (under a project managed by the
Electric Power Research Institute) to
reduce errors in very short-term fore-
casts of a few minutes to a few hours
ahead. This research involves new
weather and wind data sources, such
as radar profilers and off-site met
masts; new geophysical data sources,
such as high-resolution, sea-surface
temperatures; and new modeling
techniques, such as conducting more
frequent mesoscale model runs over
shorter periods to take advantage of
the latest available data.

Advanced statistical techniques al-
so are being explored, including the
support vector machine (SVM). We
expect this research to yield substan-
tial improvements in forecasting ac-
curacy in the near future.

Looking farther ahead, there is
great promise in new satellites that
will be launched in the next several
years. These satellites will carry sen-
sors, such as NASA’s GIFTS (geosyn-
chronous imaging fourier transform
spectrometer) instrument, which will
provide a far more detailed and com-
plete picture of the earth’s atmos-
phere in near real-time, thus helping
to solve the problem of accurate ini-
tialization of weather models.

In just a few short years, atmos-
pheric models have surged to the
forefront of the wind energy industry.
Whether it is in mapping, micrositing
or forecasting, atmospheric models
are becoming increasingly important
to the successful development and
operation of wind projects.

Michael C Brower is a principal at Al-
bany, N.Y.-based AWS Truewind LLC, a
firm working in renewable energy tech-
nology applications, advanced atmos-
pheric modeling and measurement, and
engineering services. He can be reached
at mbrower@awstruewind.com.
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