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Executive Summary

Adverse weather conditions affect flight operationsyal,eout are especially hazardous to small
and light aircraft operations. Because small and dgltaft have limitations in maximum speed,
altitude, and range, these pilots have a disadvantage when trying to avoid adathnse we
conditions. The primary weather hazards for general aviation (GA) aiateaiting, convective
activity (i.e., thunderstorms), and inadvertent Visual Flight Rules flightdnstocument
Meteorological Conditions. Although en route air traffic controllers can helgs piith weather
requests, they are limited in the information available. The controllers oftedédsailed and
specific information regarding convective activity, icing, and ceNiisgdility conditions.

To address this shortcoming, we developed en route controller weather displeptsdoc
convective activity, ceiling/visibility, and icing information that meentroller needs. They
do this by providing operationally useful information that effectively enablesothioller to
transfer hazard information to the pilot. In addition to the weather displays, ouptonasves
an automated support system that tracks GA aircraft and hazardous weathek\drea the
automated system detects a future conflict with an aircraft and a hazaeather region (i.e.,
no-goarea), the system alerts the controller about the aircraft and the hazaedal@ted, the
controller can either inform the pilot about the location and extent of the hazardythereb
enhancing cockpit decision making, or the controller can execute necesstgrvaeaidance
actions.

Pertinent and sufficient data sources exist today that could meet conegqlieements for
severe weather avoidance and, when relayed to pilots, could enhance decisionmtaking i
cockpit. We do not yet have the capability to display these data sources ghaplhiited
controller workstation. To initiate this development process, we include resequitements
for each weather display. These will serve as input to the weather repeagam for the
development of the displays. Once developed, these weather products will providatioform
that enhances cockpit decision making and works to reduce weather-related GAtaccide
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1. INTRODUCTION

Adverse weather conditions affect flight operatianggeneral, but are especially hazardous to
small and light aircraft operations. Because small and light aircraftlinatetions in maximum
speed, altitude, and range, these pilots have a disadvantage when trying to aveavaeatrer
conditions. Although weather is not the only cause of crashes and accidents in gemieval a
(GA), adverse weather contributes to a significant share of these indiGeots& Price, 2006;

Li & Baker, 2007; National Transportation Safety Board [NTSB],28ong, Pitfield, Caves, &
Appleyard, 2006). For example, during 2004, 25% of all fatather accidents involved pilot
encounters with thunderstorms (Aircraft Owners and Pilots Aatsmac [AOPA], 2006a, 2006b;
NTSB, 2006b). Likewise, many fatal incidents have occurred as a consequemceafifiaing
(AOPA, 2002; Maynard & Sand, 1999; Politovich & Bernstein, 2006).

One way to illustrate the hazardous impact of weathtr review the GA accident statistics
from the National Transportation Safety Board (NT3B06a). Overall, NTSB cited weather
conditions in 357 (21%) of the total number of GA aeait$ during 2003. During 2003, there
were 1,628 accidents and 280 fatalities during Visdetieorological Conditions (VMC). In

the same year during Instrument Meteorological ConastidMC) when visibility, cloud
distance, and ceiling are less than the minima for Vi€re were 100 accidents that resulted
in 66 fatalities. This illustrates the impact of weaton GA in that only 17% of VMC
accidents resulted in fatalities, whereas 66% o\ accidents were fatal. For all of these
fatal GA accidents, the most frequently cited weathetors relate to conditions that create
reduced visibility.

The visibility concept pertains to the farthest distance at which a pilot segrdian object. The
ceiling concept encompasses the altitude to the nearest layer of clouds ¢chag®bsore than

half the sky. Taken together, there are multiple factors that contribute tong aed visibility
problem (Herzegh et al., 2006; NTSB, 2006a). For example, fog, clouds, and obscurations all
contribute to reduced visibility. Similarly, other phenomena such as haze, smmukejsst, and
sun glare can also be contributing factors. GA accidents caused by low ceilingibiityvcan
occur if pilots inadvertently encounter these conditions during flight. Howeveperierced
Instrument Flight Rules (IFR) pilots who suddenly encounter reduced ceiling andityisibi
conditions are also at risk (Lenz, 2004). Commonly, these encounters result in a trgsobf ¢

of the aircraft, or controlled flight into terrain.

Because adverse weather conditions can develop quickly and are somewhat ubfeeiista
vital for GA pilots to consider available weather information. Many sourcesvarkable for

their pre-flight planning (Parson et al., 2005), such as the Internet (CargeBitesda, 2006),
automated flight service stations (Prinzo, Hendrix, & Hendrix, 2007), and various otitbewe
information providers (Knecht, 2007). Itis also intpat for pilots to monitor weather conditions
while in flight (Knecht). For in-flight weather informah, pilots can contact air traffic control
(ATC) and request pertinent weather information and guidance (Ahlstrom, 2003).

Although air traffic controllers can help pilots witkeather requests, they are limited in the
information available. They often lack detailed and specific information for cowyectivity,
icing, and ceiling/visibility conditions. For example, both en route and terminabterd have
text-based information for icing, ceiling, and visibility but no detailed gcaplhepresentation at



their workstation. In the en route domain, supervisors can display this informatiorcghgphi
on an Enhanced Status Information System (ESIS) in each area of spemmaliZaintrollers

can access this information, but it is very general in nature, lacks importaitd,dnd may not
be adequate to accommodate all pilot requests (Ahlstrom, 2007). Furthermore, thespl&1S di
is located on the end wall, in the area of specialization, some distance awalgdroomtrollers.
When controllers use this display, they have to integrate information from thel EgI&y

(which can be 20 or more feet away) with information on their situation display. Afiltbe
ESIS display can be set up to provide useful information, it does not fulfill the huntaws fac
requirement for controller weather displays. In the terminal domain, advaectider
information displays are available at the supervisor workstation. Howheeaayailability of
these weather sources and the possibility for controllers to accessdamsatibn varies from

one terminal facility to the other (Ahlstrom, 2004). Mdetailed weather information from pilot
reports (PIREPS) is available in both ATC domains, lnege reports might not be available at all
times or even for the relevant geographical areas.

1.1 Purpose

The main purpose of this study is to develop en route controller weather display céorcepts
convective activity (i.e., thunderstorms), ceiling/visibility, and icing infation that meet
controller needs and provide operationally useful information that effectivablenthe
controller to transfer hazard information to the pilot. An additional purpose is to egpitable
implementation techniques and phraseology examples for operational use and cornonunicat
with pilots. If the outcome of this effort shows that available products cannot mekslary
requirements, we have an additional goal to provide research requirements ¢adttner w
research program for the development of these displays.

2. METHOD
2.1 Working Group

At the beginning of the project, researchers put together a team that hadessangknowledge
and experience of en route air traffic operations, GA pilot operations, and aviaitirewe
Included in this team were three experienced GA pilots, one en route ATC Svbjeat Expert
(SME), and several Engineering Research Psychologists and Softwanedtagiln addition,
the working group received input from an independent group of four en route SMESs.

2.2 Procedure

The weather display analysis and display prototyping took place in group settingiseoveurse

of the project. During these sessions, the working group analyzed controller indorma
requirements for display information of convective activitg., thunderstorms), ceiling/visibility,
and icing conditions. Throughout the work sessiondetli® used a scenario-based methodology
to determine whether each weather display met controftermation requirements. This implied

a determination of a controller’s ability to provide adstg weather avoidance operations and the
controller’s ability to provide relevant weather advisories to pilots when usengisplay. The
team also focused on documented real-life GA weathalesi, discussing issues with controller
and pilot weather situation awareness and shortcomingggdudather-related communications.



2.3 Weather Data

In current en route operations, controllers use graphical representatioasipitation areas and
text-based information for visibility, ceiling, andng conditions (Ahlstrom, 2007). All text-based
products require, to some degree, a mental intergmetatid manipulation on part of the controller
and do not usually allow a direct and effortless appboaffhlstrom, 2005). Therefore, the task
of correlating text-based weather information with spesictor areas can be difficult and time
consuming. On the other hand, a graphical representation of weather informatiayener
provides a direct correlation between weather information and sector détaugk far from
being implemented across the aviation weather domain, there is curreatigiidn in the
display development from text-based weather products to graphical weaitthectgr(McCarthy,
2006).

Although few controller weather displays are available in current opesaidristrom, 2003,
2007), many display examples and concepts are available for pilot operation$ (&toug
Martzaklis, 2002). One elegant example is the Helicopter Emergency MedizaeSeool
developed by Research Applications Laboratory researchers at the UyiGersier for
Atmospheric Research (UCAR). This tool provides, among many other things;tmaged
system that graphically depicts assessments for ceilsigjliy, and icing conditions. To assess
the conditions between the reporting stations for AviaRoutine Weather Report and Terminal
Area Forecast sites, the system interpolates and produces a besteadtimatikely conditions.
By using this graphical tool, pilots could gain a quick overview of the likely weaituation at
a given geographical location or at points along their intended line of flight.odhprovides
an effortless and direct pick up of important weather constraints and does notaeguirental
elaboration by the user.

Because the tool provides precipitation, ceiling, visibility, icing, and fligtegory data in a
graphical format, these data sets would be very useful for our display conceppdea.
Therefore, we contacted the researchers at UCAR who generously provided weather data
covering the Continental United States (CONUS). In the following, we gecvibrief
description of the weather data used for our prototype displays. More detailed trdorafeut
the data sources, applications, and a user tutorial are available on the Web (htterf/aero/
hems/). For a review of the tool and weather data see Buehler (2007).

From the grid-based data, we created separate displays for Ceilirmglityjdtlight Category,
Icing, and Precipitation. The data grids for the Ceiling and VisibilitpRis derive from
observations, surface weather reports, and satellite data. The Ceiling/Blsphes the ceiling
in feet above ground level for eight altitudes ranging from 0-5,000 feet. A ninth casbgovy
areas containing obstructions. The Visibility Display shows the visilligreas ranging from
zero visibility to 10 miles of visibility. The Ceiling and Visibility grids prde data for a third
grid used to create a Flight Category display.

The Flight Category Display codes areas according to Visual FligesRUFR), Marginal VFR
(MVFR), IFR, and Low IFR (LIFR). The Flight Category Display is basedata from certain
cloud-base ceilings and horizontal surface-visibility values. Then@eMisibility, and Flight
Category Displays update approximately every 5 minutes. Because oédatatations (e.g.,
due to the distance between measuring stations), these data grids have a reaglatain of
approximately 5 kilometers.



The Icing Display consists of two icing metrics: Icing Severity lanty Probability. The Icing
Severity combines many data sources, such as temperature, humidity, tadsatedite, pilot
reports, and observed surface weather to depict areas with none, trace, lighafenaderheavy
icing. The Icing Probability displays areas and their associated piibpabiting from 5-85%.

Both the Icing Severity and Icing Probability information come from thegdticing Product.
The grid cell size for the Icing display is approximately 20 x 20 kilometedsthee display
updates once every hour.

Finally, the Precipitation Display consists of a Next-Generation WieRtheéar (NEXRAD) Data
composite for the range 5-75 dBZ. This Precipitation Display updates apprdyimadey 5
minutes and has a grid resolution of 1 square kilometer.

3. EN ROUTE WEATHER DISPLAY CONCEPTS

In the following sections, we define our weather display concepts with inflormraguirements,
illustrations, and phraseology examples. We derived controller weather desglanements
from the control tasks and control strategies applicable to en route controllers skvere
weather avoidance (Ahlstrom, 2004).

Control tasks define what a controller has to do when controlling an aircraft duriexgpaiff
adverse weather phenomena (e.g., provide weather advisories, requesting.PEde@s|
strategies define the possible options that the controller has when perfdiggagontrol tasks
(e.q., climb, vector). For example, if an aircraft experiences in-flighg,i@n en route controller
can climb, descend, or vector the aircraft away from the hazardous area. Mo @eldorm
either one of these operations, however, the controller must have immediate tioio=thaut
the location of the hazard (in relation to the aircraft) as well as informaiiount hazard-free
areas. Furthermore, the weather information display must enable the cotdartvbasfer
information about the location and extent of hazardous areas to pilots to enhance decision
making in the cockpit. If an Icing Display provides this information and allowsathieadler to
select the appropriate action to transfer useful information to pilots, wagdinas the display
information satisfies the controller's operational requirements for anogdance. Conversely,
if the Icing Display provides information that does not allow the controller totsatel execute
a control strategy or to transfer operationally useful information to pilatsggnot meet the
controller’s information requirements for icing avoidance.

To support the controller during active weather avoidance operations, our concept raakes us
an automated support system that tracks GA aircraft and hazardous weatheifdhea
automated system detects a future conflict with an aircraft and a hazaeatiher region (i.e.,
"no-go" area), the system alerts the controllers about the aircraft analzére h In this situation,
the support system allows the controller to display the hazard type, and the aocaurokéher
relay the information to the pilot or take the necessary control actions. In d¢tagiosss,
controllers will use the weather displays in various situations where pilotsttrgacontrollers

to request weather information. In these situations, the controllers need quiktacce
operationally relevant information for pilots.

For all the weather information displays, we have optimized the original datenatfon for use
by en route controllers. For example, the FlighteGary data contains information that specifies



regions of obscurations, VFR, MVFR, IFR, and LIFR comdis. This information is very
important during pilot pre-flight planning because it gives a very quick overview of imorgdit
that the pilot is likely to encounter during a flight. For an en route controllefF|itile Category
Display only needs to display shaded regions for two categories. The fimst regibscurations
and the second region is a combination of all non-ViRNSs into a single IFR area. Essentially,
these shaded areas are no-go regions and all other arégs'asgions for VFR aircratft,
enhancing controller decision making during severe weather avoidance. Igjmigacombined
data sources into fewer but more operationally relevant controller catedarithe remainder of
our display concepts.

Within the present framework, we assume that controllers communicate withysing radio.
Today, various data-link applications are becoming more prevalent and could proioker a
means for communicating weather information in the future. However, the relaibiewe
information from the en route controller to the pilot does not require such means. The displays
provide a quick look of hazardous areas that controllers can directly communicatgsto pil
Furthermore, controllers use phraseology that is similar to the phrasesiedyn the field today

to describe weather areas.

Finally, although weather data are available thatldioweet our weather information
requirements, there are currently no displays abkdlthat would meet controller needs.
Therefore, we have included research requirements for the developmerit afesdicer display
(see section Summary of Research Requiremgntdowever, we want to emphasize that our
display requirements are general examples. The display system neediekibibe and allow
adaptation to specific en route sector needs, depending on traffic patternsguaghigieal
location. For example, the need for specific altitude strata for ceilaigility and icing
information are likely to vary across the CONUS. In this report, our displaysipromiy
generic examples of how to code each weather hazard to provide operationallygfiuta
information. In the current stage of display development, we have not specibegpaleittes
for use on current en route systems. We merely use shaded color areas to denbastr
display concepts, although guidelines for the use of color palettes and weatiraaiitn on
ATC displays are available (Ahlstrom & Arend, 2005).

3.1 Automated Weather Avoidance Support Tool

The weather concept displays provide the contreVign quick-look information for aircraft
hazards caused by reductions in ceiling and visibility, icing conditions, and cosvadiivity.
During weather avoidance operations, the controller actively uses this atifmnno advise
pilots of hazardous weather areas and to help pilots avoid these areas. Howevepgitadens
add additional requirements for the controteat couldeasily have detrimental effects on
controller workload during operations in adverse weather conditions. Therefore, to s@port
controller during these operations, our weather avoidance concept includes artexisupport
tool. This tool automatically tracks GA aircraft, bdon the aircraft type filed on the flight plan,
and correlates this information with the 3D weathealate to detect future conflicts between
aircraft and weather hazards. The specific aircraft types included inc¢kimgyare single-
engine piston aircraft and light twin-engine aircraft under 6,000 Ibs; gbneviah or without
limited weather detection capability and, in most cases, without deicinbiligparhe support
tool alerts the controller by blinking the aircraft data block 20 minutes ahegurediated



aircraft or hazard conflict. As soon as the automated support system geneedést the
controller receives specific information about the weather hazard in-®@uéadndow
(moveable) on the situation display. The controller also has the option to displaydifie spe
weather hazard that the aircraft will encounter given its curreht figth. This allows the
controller to verify the situation and to take appropriate action in a timely maimher
controller can either inform the pilot about the location and extent of the hazardythereb
enhancing cockpit decision making, or execute necessary weather avoidamtaavoid

a conflict between the aircraft and the hazard.

3.2 Precipitation Display

For the Precipitation Display, we use NEXRAD data corresponding to modadad® @BZ2),
heavy (40-50 dBZ), and extreme (50+ dBZ) precipitation intensities (see Riguiide grid
resolution of the precipitation information is 1 kilometers. The display allows thettent
to select a specific altitude stratum that exactly corresponds to thealeector limits. This
prevents the display of precipitation intensities that are outside of the catdratia of
jurisdiction. The display allows the controller to independently select any cdmhioithe
three precipitation intensities.

Figure 1. Precipitation Display.



Given the current problem with the en route precipitation display accuracy causetlbyand
slow radar update rates (Ahlstrom & Dury, 2007), our prototype display makes uke of al
available wind information (i.e., real-time observations, satellite, radaER) and previous
NEXRAD updates to display extrapolations of precipitation locations once a mirite. T
improved precipitation display provides the controller with a more accurataylspl
precipitation locations, enhances the accuracy of controller weather awmaarations, and
improves the quality of weather advisories to pilots.

Cloud top information is very important for GA operations. In the field, the supervisdaita
the ESIS to display echo top information in each area of specialization. Hotirever,
information is not available at the controller workstation. In our Precipitatispldy concept,
the controller can display grid-based echo top information along with the precipagseas.
Each bin in the grid is 2 x 2 kilometers and provides a single echo top value. Aftatilagtihe
echo top information, the controller can slew the cursor across the precipitat®ardedisplay
the echo top values in a moveable read-out window located on the situation display.

To provide information that is indicative of thunderstorms and convective activityoniiber
can display lightning symbols that indicate a lightning strike (i.e., clogtdond) at those
locations within the past 15 minutes. The lightning symbols appear on the display for 15
minutes, after which they disappear. During this 15-minute interval, the sizehdigtgning
symbol decreases twice; first after 5 minutes and then after 10 minutes

3.2.1 Phraseology Example

The phraseology that en route controllers can use to communicate precipitatimmdgand
echo top information to pilots is as followd123, heavy precipitation between ten o'clock and
two o'clock, one five miles. Moving east at two zero knots, tops flight level threeemmer z
Precipitation area is two five miles in diameter. Lightning displayed

3.2.2 Research Requirements for the PrecipitaticplBy

As shown in Figure 1, the Precipitation Display contains features not currenthbbean en
route controller displays. Therefore, there is a need to develop a Precifitisay that meets
the following requirements:

Allows user-defined altitude strata that limit the display of precipmatitensities to the
volume within the sector altitudes.

Uses wind information and previous precipitation updates to extrapolate a beateestim
of current intensity locations. The display of the precipitation intensitiesegpdate a
minute.

Displays echo top information in association with the Precipitation Display.

Shows symbols for cloud-to-ground lightning strikes on the Precipitation Dispkch E
symbol indicates that there has been a lightning strike at that location withirstHépa
minutes. Each symbtimes outafter 15 minutes.



3.3 Ceiling Display

The graphical Ceiling Display in Figure 2 shows an eglanof two different shaded areas for
ceilings that are below VFR minima (i.e., no-go regions). The first aressst@ngs below

500 feet, and the second area shows ceilings between 500-1,000 feet. Non-shaded areas on the
situation display have a ceiling of more than 1,000 feet, which meets the ceihimganfior VFR
operations (i.e., go regions). Alternatively, the Ceiling Display can bedditordisplay all

ceiling levels (in feet above the ground level) across the sector. Theggpidti@n for the

ceiling data is 5 kilometers, and the display updates every 5 minutes.

Figure 2. Ceiling Display.

3.3.1 Phraseology Example

To communicate ceiling information to pilots, en roubatcollers can use the following
phraseologyN123, ceiling less than 500 feet between ten o'clodkwa o'clock, one five
miles.



3.3.2 Research Requirements for the Ceiling Display

The Ceiling Display in Figure 2 is not available in current ATC operations.efdrer there is a
need to develop a Ceiling Display that shows shaded areas where ceilings #ranes00 feet
and between 500-1,000 feet.

3.4 Visibility Display

The Visibility Display in Figure 3 shows an example of shaded regions for simlity levels
that are below VFR minima (i.e., no-go regions). The first region shows hegdmve a
visibility of less than 1 mile, and the second region shows areas that have awisbileen 1
mile and 3 miles. Non-shaded areas on the situation display hvésibiity of more than 3
miles, which meets the visibility minima for VFR opépons (i.e., go regions). Alternatively,
the Visibility Display can be tailored to display all visibility conditionsrfiles) across the
sector. The Visibility Display has the same spatiabhation (5 kilometers) and update rate
(every 5 minutes) as the Ceiling Display.

Figure 3. Visibility Display.



3.4.1 Phraseology Example

To communicate visibility information to pilots, en tewcontrollers can use the following
phraseologyN123, visibility less than 1 mile between ten o'clock and two o'clock, one five miles

3.4.2 Research Requirements for the Visibility Daspl

The Visibility Display, as illustrated in Figure 3,nst available in current ATC operations.
Therefore, there is a need to develop a graphical Visibility Displayhbatssa shaded area
where the visibility is less than 1 mile, and a second shaded area where thgyvsshiBtween
1-3 miles.

3.5 Flight Category Display

The Flight Category Display example in Figure 4 is\de&gtifrom the Ceiling and Visibility
Displays. The display shows shaded regions for obscurations and IFR conditions. Both of
these regions are no-go areas for VFR aircraft. All non-shaded regions dodhiersdisplay
represent VFR conditions. The spatial resolution and update rate is the santbes for
Visibility and Ceiling Displays.

Figure 4. Flight Category Display.
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3.5.1 Phraseology Example

The phraseology that en route controllers can as®mmunicate flight category information
to pilots is as followsN123, VFR flight not recommended between ten o'clock and two o'clock,
one five miles.

3.5.2 Research Requirements for the Flight CateqosplBy

The Flight Category Display in Figure 4 is not available in current ATCatipes. Therefore,
there is a need to develop a Flight Category Display that shows shaded aobsstoations
and IFR conditions.

3.6 Icing Probability Display

The Icing Probability Display in Figure 5 shows shadeshs where the probability of icing is
25-50%, 50-75%, or above 75%. The controller can salst display the icing probability for
one of eight different pre-defined altitudes. Thedhie specific altitude strata are determined
by the Air Route Traffic Control Center's (ARTCC'’s) geaphical region, weather patterns,
and traffic patterns, which are not likely to be the same across the CONi¢Syrid resolution
for the Icing Probability Display is 20 x 20 kilometer§he display updates once every hour.

Figure 5. Icing Probability Display.
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3.6.1 Phraseology Example

To communicate icing probability information to pilo& route controllers can use the
following phraseologyiN123, icing probability between ten o'clock and two o'clock, one five
miles, icing probability is greater than 50% at one two thousand.

3.6.2 Research Requirements for the Icing Probalbiligplay

The graphical Icing Probability Display is not available at the controliekstation in current
operations. Therefore, there is a need to develop an Icing Probability Dispiaydets the
following requirements:

The capability to show shaded areas where the probability of icing is 25-50%, 50-75%,
and above 75%.

The capability to select one of eight pre-defined altitude strata for thlaylisf icing
probability.

3.7 Icing Severity Display

The Icing Severity Display in Figure 6 depicts shadezhs for expected light, moderate, and
heavy icing. The controller can select and display ting iseverity for one of eight different pre-
defined altitudes. As for the Icing Probability Displthe specific altitude strata are determined
by the ARTCC's geographical region, weather patternscadfierns, and are not likely to be
the same across ARTCCs in the CONUS. The grid wésalfor the Icing Severity Display

is 20 x 20 kilometers with an hourly update rate.

Figure 6. Icing Severity Display.
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3.7.1 Phraseology Example

To communicate icing severity information to pilots, en route controllers caheisallowing
phraseologyN123, icing severity between ten o'clock and two o'clock, one five miles, icing
severity is heavy at one two thousand.

3.7.2 Research Requirements for the Icing SeversplBy

The graphical Icing Severity Display is not available in current ATC dpesat Therefore,
there is a need to develop an Icing Severity Display that meets the folleguigements:

The capability to show shaded areas for expected light, moderate, and legvy ic

The capability to select one of eight pre-defined altitude strata for fhleyisf icing
severity.

4. DISCUSSION

One of the Federal Aviation Administration’s goals is to increase they sdfftight by reducing
the number of weather-related accidents. As part of this effort, researchvetapdesnt have
provided many new weather products that pilots can use pre-flight and in the air. Althoug
pilots have seen an increase in weather products and weather services, en raliersasitt
depend on legacy products, such as Precipitation Displays and text-based weatiptiodes
En route controllers are at a disadvantage when providing weather-relaiedsstr pilots
because of the limitations in display accuracy, information specificity, asépation format of
these legacy weather products. This limitation reduces the ability abliers to take a more
pronounced role in keeping aircraft away from hazardous weather areas anthémggfulness
of information that controllers relay to pilots. Researchers need to develop leontedther
products that meet controller requirements for severe weather avoidanc#handesthe
collaboration with pilots. Once developed, these weather products will provide ititorret
enhances cockpit decision making and work towards a reduction in weather-related GA
accidents.

In this report, we propose weather displays for use by en route controllers shwarg weather
avoidance. Primarily, these displays focus on information that allows conttolleupport GA

pilots to avoid hazards caused by reductions in ceiling/visibility, icing, and cive@ctivity.
Furthermore, the weather displays provide pertinent information that contaalerslay to

pilots, thereby enhancing cockpit decision making. We also propose an automated support tool
that (a) tracks GA aircraft and hazardous weather areas and (bjredertsitroller about

impending conflicts to further support the controller during these operations. IBried,ahe
controller can either inform the pilot about the location and extent of the hazard wireexec
necessary weather avoidance actions.

Although we illustrate our display concepts as part of the controller’s ntaatisn display in
this report, the presentation of these weather displays are not limited to tledl@dsttisplay.
For example, Ahlstrom and Friedman-Berg (2006) showed that Terminal Radar étpproa
Control controllers could use advanced weather information equally and effectivebth the
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main situation display and the auxiliary display (which was located on top ofuh&mi
display). Likewise, this means that we can present weather displays on toetén R
Information Display System next to the controller workstation and on the ESIShiraesc
of specialization.

As is true for most display concepts for the futairetraffic domain, there are issues to be
resolved, such as research and development of new data sources or the integratioatef sepa
sources of information. Graphical weather data for controllers is problenfdtere has been
no prior development and there are no operational requirements that specify wiudiecentr
need. However, pertinent and sufficient data sources exist today that coultbritesdter
requirements for severe weather avoidance and, when relayed to pilots, could eek&ice
making in the cockpit. In fact, all of the data sources for our weather displagptexist
today and are readily available. What has yet to be developed is the capalibylay these
data sources graphically at the controller workstation or on auxiliary displayitiate this
development process, we have included research requirements for each weathetodsspl/e
as input to the weather research program for the development of thesesdisplay

Granted, controllers would need training on both the displays and on phraseology for weathe
avoidance and weather advisories before they could use these displays in tHgirfindliakly,

there is a need to inform pilots @matinformation the controller has available dvalvthis
information can affect cockpit decision making. As far as controller phapers concerned,
there is virtually no change in the phraseology needed to use our weather dispipgsed to

the phraseology that en route controllers use in current operations. Thisgmbitant for
several reasons. First, it eliminates the introduction of an entirely neweplog for

controllers, and it reduces the time needed for training and operational eralus¢icond, the
current weather phraseology is familiar to pilots; therefore, it would haydittkr impact on

pilot training and the use of this information in the cockpit.

However, we do see a need for controller and pilot training that aims at develogwwgafaty
culture where all parties work together to increase weather situationnassai@nd safety of
flight. Today’s en route environment is limited with regards to what weathtemafion is
available to the controller (Ahlstrom & Dury, 2007). Furthermore, there are iiisdhat
controllers do not trust their information and that they are uncertain about the \aingstto
pilots via advisories (Ahlstrom & Dury). This limits the usefulness of weatifi@mation and
works against a cultural climate where controllers perceive weiafloemation and weather-
related communication between controllers and pilots as important. With our propqagsdis
controllers can provide both the big and the small weather picture within thacarsPilots, on
the other hand, are often restricted to the small weather picture even when equippezhther
radar. By providing controllers with more adequate information that is readilable,
displayed in a proper format, and easily transmitted to pilots, we lay the fmmfitatmaking a
change in the current climate and work towards greater communication and ebitacor

Finally, we envision the use of radio communication for the transfer of weatbanatfon
between controllers and GA pilots. With our proposed displays and controller phggysdotoe
IS no requirement that necessitates other means for the transfer of thistrdorniResearch and
development are working on data-linked weather capabilities that will changayhee

transfer weather information in the future. Our weather information conaept®mpatible
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with both the present radio-based and future data-linked-based capabilitiesver@t@resent,
there is no infrastructure in place that allows the seamless transidrasftext-based or
graphical weather data between en route controllers and GA pilots. Once vapdbesk data-
link capabilities, controllers could transfer pertinent weather informatidraacraft positions
directly to the cockpit. This could be an important step to enhance shared weadtiensit
awareness between controllers and pilots. It could also be an important stepedhlieduc
number of weather-related GA accidents and increase the safety of flight.

5. SUMMARY OF RESEARCH REQUIREMENTS

In the following section, we provide research requirements for the developnmntmbposed
weather avoidance displays. For the Ceiling, Visibility, Flight Categod Icing Display
requirements, we provide one generic example of how the available data can be adapted to
display a certain combination of hazard areas or altitude levels. Howevetja@ngersions

of these Display Systems must be very flexible and allow tailoring of imgpdata. There is no
single display that will fulfill all sector needs and controller requirgsieas this will depend on
each sector's geographical location and traffic pattern. Therefore, edely disjuirement
implicitly assumes full control of tailoring the data display at thecsdetel.

Automated Weather Avoidance Support Tool

- Develop a tool that automatically tracks GA aircraft, based on the airypaf(filed
on the flight plan), and correlates this information with the 3D weather database t
detect future conflicts between aircraft and weather hazards. The tootladerts
controller by blinking the aircraft data block 20 minutes ahead of a predictedtaircra
and hazard conflict. During the alert, the controller receives specifieriafmn
about the weather hazard on the situation display; the information is presetied in t
moveable read-out window. The controller also has the option to display the specific
weather hazard on the situation display (e.g., the Icing Probability Displ&ye
altitude of 8,000 feet).

Precipitation Display

- Develop a Precipitation Display that allows user-defined altitude stiatérthit the
display of precipitation intensities to the volume within the sector altitudes.

- Develop a capability to use wind information and previous precipitation updates to
extrapolate a best estimate of current intensity locations. The display of the
precipitation intensities updates once a minute.

- Develop a capability to display echo top information in association with the
Precipitation Display.

- Develop a capability to show symbols for cloud-to-ground lightning strikes on the
Precipitation Display. Each symbol indicates that there has been a ligsiimikegat
that location within the past 15 minutes. Each symbol times out after 15 minutes.

Ceiling Display

- Develop a Ceiling Display that shows shaded areas where ceilingsatban 500
feet and between 500-1,000 feet.
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Visibility Display

- Develop a Visibility Display that shows a shaded area where the visibilggs than
1 mile, and a second shaded area where the visibility is between 1-3 miles.

Flight Category Display

- Develop a Flight Category Display that shows shaded areas for obscuratidirfka
conditions.

Icing Probability Display

- Develop an Icing Probability Display that shows shaded areas where the |iyobabi
of icing is 25-50%, 50-75%, and above 75%.

- Develop the capability to select one of eight pre-defined altitude stratiaef display
of icing probability.
Icing Severity Display

- Develop an Icing Severity Display that shows shaded areas for expehbted lig
moderate, and heavy icing.

- Develop the capability to select one of eight pre-defined altitude stratiaef display
of icing severity.
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Acronyms

AOPA Aircraft Owners and Pilots Association
ARTCC Air Route Traffic Control Center

ATC Air Traffic Control

CONUS Continental United States

ESIS Enhanced Status Information System
GA General Aviation

IFR Instrument Flight Rules

IMC Instrument Meteorological Conditions
LIFR Low Instrument Flight Rules

MVFR Marginal Visual Flight Rules

NEXRAD Next-Generation Weather Radar
NTSB National Transportation Safety Board
PIREP Pilot Report

SME Subject Matter Expert

UCAR University Center for Atmospheric Research
VFR Visual Flight Rules

VMC Visual Meteorological Conditions
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