
The use of advanced numerical weather
prediction (NWP) models has been one of
the most “dramatic” improvements in mete-
orology, according to Paul Devlin, WSI In-
Flight product manager. NWP models use
complex algorithms and equations to fore-
cast changes in the atmosphere and have
been used regularly since 1950, when the
first NWP model–located at the Institute for
Advanced Study in Princeton, N.J.–pro-
duced a series of 24-hour forecasts. Before
the model was developed, forecasters relied
on surface observations and hand-drawn
weather charts to produce “very subjective”
12- to 18-hour forecasts, which were “noted
more for misses than successes,” according
to the National Oceanic and Atmospheric
Administration (NOAA). 

Today’s NWP models are generated by
powerful computers, such as NOAA’s IBM
supercomputer located at the IBM facility
in Gaithersburg, Md. (An additional
backup system is located at a secure site in
West Virginia.) According to a NOAA
spokeswoman, the computer ingests 1.7
billion surface and upper-air observations

per day and performs 13.99 trillion calcula-
tions per second. 

Due to the vast amount of information
the computer processes daily, current NWP
models, such as NOAA’s National Center for
Environmental Prediction (NCEP) climate
forecast system, can produce forecasts up to
nine months in advance, and accuracy
among all models has improved. National
Weather Service (NWS) statistics show, for
example, that a three-day forecast produced
today is as accurate as a one-day forecast
was 15 years ago. “We have dependable
forecasts out to 72 hours,” noted Mike Ce-
tinich, Jeppesen product manager of flight
planning, weather and notams. He cautioned,
however, that accuracy “starts to degrade and
fall apart a little bit” beyond 72 hours.

Like the forecast period and accuracy
rates, the resolution of the models has also
improved. Whereas models at one time cal-
culated the algorithms and weather parame-
ters with grid points spaced 150 to 200 nm
apart, NOAA’s global forecast system (GFS)
today uses 19-nm to 38-nm grids and can
provide forecasts up to 16 days in advance.

The rapid update cycle (RUC) model–which
provides short-term forecasts–has also im-
proved, from 32 nm to 11 nm on average. In
North America, the resolution of the RUC
model is as low as 5.4 nm, Cetinich said. The
WSI weather research and forecasting
(WRF) model uses 19.4-nm grids on a
global scale, 6.5-nm grids for most of the de-
veloped world, and 2.2-nm grids in the conti-
nental U.S., according to Devlin. 

The enhanced resolution provides better
information about synoptic–or large-scale–
events such as fronts, air masses and other
large weather features, and improves a
forecaster’s ability to monitor mesoscale
phenomena, such as squall lines and storm
systems, which are generally smaller than
synoptic events. “[The improved resolu-
tion] allows us to see individual convective
events developing in the model,” Devlin
explained. In the past, he said, forecasters
would have a general idea of where thun-
derstorm activity might occur, but they can
now identify specific storm cells.

The resolution of the models has also
improved meteorologists’ ability to study
the vertical layers of the atmosphere, 
Cetinich said. Today’s models provide data–
such as temperature, dew point, wind speed
and pressure–for up to 65 levels of the 
atmosphere, whereas the models used 20
years ago provided data only for the 850-,
700-, 600- and 500-mb levels. In addition,
the models are run at more frequent 
intervals. The RUC model, for example,
produces a 12-hour forecast every hour, as
opposed to producing one forecast every 12

hours, which was the norm 15 years ago.
The GFS model produces a seven-day
global forecast every three hours, and a 16-
day forecast every 12 hours.

In addition to global and regional fore-
cast models, forecasters also use automated
systems to monitor specific weather
phenomena. The NWS’ Automated Thun-
derstorm Nowcasting System (Auto-now-
caster) predicts convective activity up to
two hours in advance and automatically
updates every five minutes, according to
Kevin Johnston, chief of NWS Aviation
Weather Services and program manager of
the NOAA Aviation Weather Program. 

Although the system provides only
short-term forecasts, its ability to update the
data automatically makes it a particularly
useful tool for forecasters. “Forecasters [in
the past] had weather radar, but they would
have to interpret the radar information and
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Before the development of numerical weather
prediction models, meteorologists used hand-drawn

weather charts to produce “very subjective” forecasts.
Here, a U.S. Navy forecaster prepares a chart in 1943.

Advances in
Aviation Weather

Technology makes long-range
weather planning possible

by Jennifer Harrington
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the Department of Transportation in 2003 cited adverse weather as the leading cause of
airline delays. Between May and October of last year, however, delays and late arrivals
caused by the airlines themselves, rather than by nature’s worst, took the top spot, 
affecting nearly 15 percent of the 3.7 million flights during that period, according to
DOT Bureau of Transportation statistics. The number of flights struck by weather-
related delays–including NAS delays caused by weather–totaled just 6 percent.

There are a number of reasons for the change in statistics, including unrealistic scheduling
practices by the airlines, but recent advancements in weather technology have no doubt 
contributed as well. In addition to improvements in computing capabilities and weather model
data, scientists are now relying on a greater number of observations, on the ground and in the
air, and receiving better data from radar and satellites. Combined with new technology that pro-
vides access to weather information where pilots need it most–in the cockpit–the advance-
ments are slowly improving the safety and efficiency of air travel. 
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project where the hazards would be in the
next hour or two manually,” Johnston said.
“The ability of these models to update au-
tomatically is one area where technology
has really changed.”

Other useful tools include the current and
forecast icing products (CIP/FIP), developed
by the FAA’s aviation weather research pro-
gram, and a global turbulence generator
(GTG). The CIP, FIP and GTG models pro-
vide forecasts up to 10 hours in advance and
are especially useful to forecasters because
icing and turbulence have traditionally been
difficult to forecast, Cetinich said. In addi-
tion, WSI will soon be announcing a new
turbulence product, and Jeppesen, in con-
junction with Norman, Okla.-based Weather
Decision Technology, has created a base re-
flectivity forecast model that predicts radar
intensity out to six hours. 

The only drawback to using these prod-
ucts is the inability of the programs to 
predict certain weather events. Johnston
explained that the Auto-nowcaster, for ex-
ample, doesn’t forecast the development
of convective clouds very well. “Some-
thing has to be there before the Auto-now-
caster can make sense of it and project it
for the next hour,” he said. “If the fore-
caster sees two interacting [air mass]
boundaries and knows they will create
more convection, he  can add that informa-
tion to the system to improve the forecast.”
Likewise, the icing and turbulence prod-
ucts also need input, such as pirep infor-
mation, to create the forecasts. 

“The human element still plays a large
role in how good the forecasts are,” Ce-
tinich said. “Experience, especially in a ge-
ographic location, means a great deal. We
might look at four or five different models,
and their outputs might differ greatly. It’s

the forecaster’s job to understand which
models work better under certain circum-
stances, and then create a forecast that he
thinks is going to be the most accurate.”

Gathering the Data

In addition to using NWP models, mete-
orologists rely on a number of other tools to
produce forecasts. The FAA and NWS, for
example, use a combination of model data,
trained weather observers and observations
from automated weather observing systems
(AWOS and ASOS) and upper-atmosphere
radiosonde balloons, in addition to satellite
imagery and radar information. “Surface
observation systems keep getting better,”
Johnston said. “[Forecasters] have a much
better view of the sky than they once did.”

Satellite technology has also improved
since the launch of the first weather satellite
on April 1, 1960. Jim Reed, director of mete-
orology and flight planning for Universal
Weather and Aviation, explained that fore-
casters can now forecast cloud cover globally

because of the clarity of satellite imagery.
“The amount of data that we have at our fin-
gertips used to be just a dream,” he said.

This is important, Reed noted, because
forecasts from some countries aren’t always
as reliable as those produced in the U.S. or
Europe. “If you’re going to Canada, you
know you can trust the forecast their
weather service provides,” he said. “They
are good at what they do. Other parts of the
world aren’t like that. You can’t always trust
the data that you get from those folks.”

Radar technology is also far superior to
what it once was. One of the major “leaps”
in radar technology has been the introduc-
tion of MultiScan technology in the cockpit,
which provides a clutter-free radar return
that displays weather hazards out to a range
of 320 nm, according to Marvin Hooker, a
Rockwell Collins weather radar engineer.
The radar eliminates ground clutter using
digital signal-processing techniques and
makes multiple passes of the sky at varying
angles. The information from each of the

scans is then rearranged and merged in a
single 3-D picture on the radar display.

The FAA and NOAA have also been
working with the National Center for At-
mospheric Research (NCAR) to improve
phased-array radar technology. The transi-
tion from the current network of Nexrad
WSR-88D radars will eventually allow
forecasters to differentiate among water, ice
and snow, and thereby better determine the
strength of icing conditions. WSR-88D radar
transmits one beam of energy at a time, while
phased-array radar uses multiple beams. 

According to Ken Leonard, director of
operations planning at the FAA Aviation
Weather Office, the new radar technology
will also allow forecasters to measure the
droplet size of super-cooled liquid. “The
size of the super-cooled liquid droplets has
an impact on whether an aircraft will accu-
mulate icing and what type of icing that
aircraft might experience,” he said. “Ten or
15 years ago, we didn’t have the technol-
ogy to measure the size of a super-cooled
liquid droplet.” 

Another important advancement has been
the development of the aircraft meteorologi-
cal data and reporting (Amdar) and tropos-
pheric airborne meteorological data reporting
(Tamdar) programs, and the meteorological
data collection and reporting system
(MDCRS), in which sensors are applied to
commercial aircraft to collect upper air data. 

The U.S.-based Amdar program began
collecting wind and temperature observa-
tions from commercial aircraft in the 1980s
and today gathers more than 150,000 ob-
servations per day from more than 1,500
aircraft. Participants include American,
Delta, FedEx, Northwest, Southwest,
United and UPS. “In the weather game,
more data is always better,” Leonard said.
“The sensors have improved the quality of
the models because they give us a lot more
information than we got from the tradi-
tional NWS balloon soundings.”
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The clarity of satellite imagery has improved
dramatically since the 1960s. Above, a 1962
Television and Infrared Observation Satellite picture
of Typhoon Ruth in the Western Pacific, and a 2005
Geostationary Operational Satellite picture of
Hurricane Katrina. 

Universal Weather and Aviation forecasters and
meteorologists discuss the long-range model data 
of a tropical system. 
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The program will also include the addi-
tion of water vapor sensors in the future. To
date, the water vapor sensor system (WVS-
SII) receives moisture data from 75 sensors
installed on UPS Boeing 757s and Mesaba
Saab 340s. “Equipping aircraft with sen-
sors that measure moisture and relative hu-
midity is going to greatly improve the
modeling forecasts for everything, whether
it be convection, icing or turbulence,” Ce-
tinich explained, adding that the program
developers are targeting regional airlines

because of their “up-and-down” profiles.
“You get good observations, good coverage
below 20,000 feet, and that’s where most of
the moisture is,” he said.

The benefit of installing sensors on air-
craft can be measured in terms of cost and
effectiveness, Johnston added. Upper-air
data is typically collected through twice-
daily radiosonde balloon launches, at a
cost of $300 per launch at 100 different
sites. The MDCRS sensors cost between
$7,000 and $8,000 but provide thousands

of observations a day, he said. The water
vapor sensors are more expensive–around
$25,000– but have a 20-year life cycle.
Recently there has been a push to lower
the cost of the sensors and equip GA air-

craft. “I don’t think we’re there yet, but
clearly they have visions of this data set
becoming so valuable that whoever has it
would generate a much better forecast,”
Johnston said. o

The greatest boon to aviation safety has
been the advent of practical datalink technolo-
gies, such as satellite broadcast technology, 
in the cockpit, according to Paul Devlin, WSI In-
Flight product manager. New technology has al-
lowed companies such as WSI and XM Satellite
Radio to provide a continuous stream of
weather information to the cockpit via satellite
broadcasts, including NOWrad (WSI) and
Nexrad (XM) radar information, metars and
TAFs, winds aloft and lightning data.

“[Satellite broadcast technology] empowers
crews to make their own decisions, better deci-
sions about their flight path and potential
weather situations,” Devlin said. Pilots are also
able to better manage the relationship with the
controller, he said, and the controllers are will-
ing to give pilots more latitude to make 
decisions. Mike Cetinich, Jeppesen product
manager of flight planning, weather and no-
tams, added that “having that information in the
cockpit is an incredible advantage over what we
had 10 to 15 years ago.” 

Rod MacKenzie, XM’s vice president of OEM
product management, explained that the satellite
broadcast technology is still relatively new. It

was launched commercially in 2002, following
an extensive 10-year study and development ef-
fort by NASA officials who realized that weather
was a factor in a large percentage of aviation ac-
cidents. Between 1994 and 2003, weather was a
factor in 21.3 percent of all aviation accidents
and 86.8 percent of all GA accidents, according
to DOT statistics. “One of the challenges was
finding a way to get weather information reliably
to the pilot,” he explained. “They concluded very
convincingly that satellite broadband was the
right way to deliver that information.”

Today, companies such as Rockwell Collins,
Garmin, Honeywell and Avidyne have incorpo-
rated satellite broadcast technology in their
avionics systems. Between WSI and XM Satellite
Radio, the satellite coverage spans all of the
continental U.S. and parts of Canada. WSI pro-
vides satellite information over Sirius Satellite
Radio, which announced a proposed merger
with XM early last year.

“I think we’re on the cusp of truly improving
performance and operational safety,” Devlin
said, “by delivering more resolved information,
and better information in terms of turbulence
and icing that will really improve piloting.” n

Cockpit Weather Technology
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WSI’s InFlight shows graphical and textual
displays of metars, in this case indicating snow.


