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Line Storms
The users all agreed that line storms cause the

most consistent NAS problems. The features of line
storms that are most important to users’ decision
making include the width, density, length, speed,
intensity, and echo top of the line.

They commented that the width of the line, and
knowing when the back edge of the storm would clear
their critical area of responsibility (5), were most
important. They needed to know about gaps in the line
(6), to decide whether to route the pilots around the
entire storm or through it. The users remarked that
some pilots preferred to go over storm tops, rather than
through a gap. However, the pilots would be more
inclined to fly through a hole in the line if a) the storm
were decaying, rather than growing, b) if they trusted
the controller, and c) if other planes had already gone
through.

Figure 3. Problems to enroute and terminal airspace caused
by different types of convection.

4. PILOT S SURVEY ON CONVECTIVE
WEATHER NEEDS

Pilots are also key users of convective weather
forecast information. To understand their needs, we
developed a post-card sized survey questionnaire, and
distributed it at the 1997 OshKosh Fly-In. Five hundred
cards were distributed and 25% were returned in the
mail. We chose to present results here by stratifying
them according to the type of license held by the
respondents. These included Air Transport (ATP),
Commercial, Private, and Student. All but the student
pilot’s responses are included in this analysis. The pilot
population is summarized in Table 1.

Table 1. Population of Respondents.

License Number of
responses

Avg. years
as pilot Avg IMC hrs

ATP 27 25 825

Commercial 45 20 283

Private 54 14 69

The pilots were asked how they usually piece
together a picture of current and forecast thunderstorms
before they fly. They were given multiple choices and
asked which were most important. Their choices were:
FSS Briefing, Convective SIGMETs, Pilot Reports, Area
Forecasts, Terminal Forecasts, TV/Weather Channel,
Radar Summaries (DUATS), Surface Observations,
FBO Weather Graphics, and user supplied choice.
Figure 4 contains a summary of the source they felt was
most important. It is clear that the air transport pilots are
frequently getting their weather information on-line via
graphical displays (internet category; comments
indicated private vendors and other graphical sources),
while the commercial and private pilots rely heavily on
their local FSS.
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Figure 4. Most important sources of current and forecast
thunderstorms, before flight.

The pilots were also asked how they obtained
updates on thunderstorms while enroute. Their choices
were: HIWAS, Pilot Reports, ATIS, On-board Weather
Radar, FSS/Flight Watch, Stormscope/Strike Finder,
Controllers, and user supplied choice. Figure 5 contains
a summary of the choice they felt was most important.
Again, FSS/Flight Watch is shown to be a very valuable
source of weather information for commercial and
private pilots.

The Integrated Terminal Weather System prototype
has been provided to only one Flight Service Station
(Ft. Worth) on an experimental basis, where it has
proven very useful. Waite (1998) found that ITWS
“proved to be the most accurate piece of weather radar
equipment they have. ...Pilots not only verified the
accuracy of the information, but put it to use in making
reroute decisions.” We estimate that at least 40% of GA
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pilots fly within areas covered by ITWS. (Agricultural
and rural users would probably not fall within ITWS
coverage very often, but business GA would definitely
fly within ITWS coverage on many of their flights.)
Although ITWS is now in full scale production, the FAA
still has no plans to provide the ITWS to the Flight
Service Stations.
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Figure 5. Most important sources of thunderstorm updates
while enroute.

Pilots were asked specifically about the Convective
SIGMET product generated by the Aviation Weather
Center in Kansas City. This product represents the
official NOAA/NWS convective weather forecast for the
flying public. There has been some confusion as to
whether the Convective SIGMET indicates only where
storms are now, or whether it represents a forecast.
(Officially, the product describes the location of
significant thunderstorms up to 2 hours in the future.)
Figure 6 shows that most pilots believe the SIGMET
represents current storms, or at most a 1 hour forecast.
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Figure 6. Interpretation of Convective SIGMETS.

Figure 7 shows that pilot satisfaction with
Convective SIGMETs is neutral, with no users “very

satisfied”. Their comments (not included here) indicate
there is much room for improving this product. The
Convective Weather PDT has demonstrated, and
continues to develop, a National Convective Weather
Forecast Product that could be used to aid in the
generation of Convective SIGMETs in the future
(Mueller, et al., 1999). The forecasters at the Aviation
Weather Center have been actively involved in this
product development.
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Figure 7. Pilot satisfaction with convective SIGMETs.

Finally, the pilots were asked to rank the following
sources of weather information for improving airspace
safety: A) more precise forecasts, B) more frequent
HIWAS/ATIS updates, C) better real-time weather
display for controllers, D) better in-flight access to FSS,
and E) real-time graphical cockpit weather display. The
percentage of #1 responses for each source is shown in
Figure 8. Pilots clearly recognized the high potential
value of a Real-Time Graphical Cockpit Weather
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A  More Precise Forecasts
B  More Frequent HIWAS/ATIS Updates
C  Better Real-Time Wx Display for Controllers
D  Better In-Flight Access to FSS
E  Real-Time Graphical Cockpit Wx Display

Figure 8. Percent of # 1 responses for importance in improving
safety of each source of Wx information.
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Display (E). The frequent choice of Better Real-Time
Weather Display for Controllers (C) reveals that the
pilots, while airborne, rely on controllers to ensure their
safety in changing convective weather situations. This
suggests the controllers may need better weather
displays, but may also be interpreted as the pilots’
desire for the controllers to impart better weather
information via radio.

5. SUMMARY
The most significant information that the PDT

learned from this user needs assessment was that
ARTCC TMUs and airline dispatchers were willing to
trade-off forecast accuracy for longer lead times,
especially for low risk tasks that were easy to
implement. Insight gained from users enabled the PDT
to begin developing forecast algorithms and display
concepts that met their needs. In 1998, both Terminal
and National Convective Weather Forecast
Demonstrations of a 1 hour forecast took place and
were well received. Research will continue to further
improve the 1 hour forecast product, but, at the same
time, a quantitative assessment still needs to be made
of how extending these initial forecast products (to
address additional user needs in Figure 2) will improve
the quality of air traffic service.

6. ACRONYM LIST
ARTCC Air Route Traffic Control Center
AT Air Traffic
ATIS Automatic Terminal Information

Service
ATP Air Transport Pilot
CWSU Center Weather Service Unit
DFW Dallas/Fort Worth
DUATS Direct User Access Terminal Service
FAA Federal Aviation Administration
FBO Fixed Base Operator
FSS Flight Service Station
GA General Aviation
HIWAS Hazardous Inflight Weather Advisory

Service
IMC Instrument Meteorological Conditions
ITWS Integrated Terminal Weather System
LL Lincoln Laboratory
MIT Massachusetts Institute of

Technology
NAS National Airspace System
NCAR National Center for Atmospheric

Research
NCWF National Convective Weather

Forecast
NEXRAD Next Generation Weather Radar

(WSR-88D)
NOAA National Oceanic and Atmospheric

Administration
NSSL National Severe Storms Laboratory
NWS National Weather Service

PDT Product Development Team
SIGMET Significant Meteorological Information
SWAP Severe Weather Avoidance

Procedures
TCWF Terminal Convective Weather

Forecast
TMC Traffic Management Coordinator
TMU Traffic Management Unit
TRACON Terminal Radar Approach Control
WJHTC W. J. Hughes Technical Center
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