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1. INTRODUCTION" T

The primary mission of the Tenninal Doppler
Weather Radar (TDWR) system is to detect thunderstorm-
related wind shears and microbursls thal are potentially
harardous to aircrafl during landing and lakeoff operations
te.g., within Lhree nautical miles on final approach and
within two nautieal miles on depariure}. The sources of
these wind shears are microbursts and gust fromis, The
mechanism by which these wind shears are provided to Air
Traffic Controllers is the Ribbon Display Tenninal.

A secondary mission of the TDWR system is io
support traffic management by the detection of precipitation
and detection and forecast of gust-front-induced wind shift.
This information is provided Jo the Air Traffic managers
(Snpervisors and Traffic Management Coordinators) via the
Situation Display.

The TDWR Program Office rasked Massachusetis
[nstitute of Technology Lincaln Laboratory o survey the
[irst five cominissioned TDWR sites in order lo assess how
well the sysiem was meeting ils mission goals and 10
measure user (Air Traffic Controllers and air irafiic
managers such as Supervisors, Traffic Management
Coordirators, elc.) benelits achieved through deplovment of
the TDWR. A list of candidate questions was prepared
{Appendix A). Site visils commenced on 28 Navember 1995
and ended 25 January 1996.

At each site, inlerviews began wilh a Lour of the Air
Traffic Control Tower. Queslions regarding airport
confignration, number of operations, and weather impaet on
operations were asked to provide a context for controller
and traffic manager interviews. Users who acted in the
capacity of controller werc asked questions regarding Lheir
perceplions of the accuracy of the Ribbon Display Terminal
messages aud their views of the impact (if any} on the
effectiveness with which they performed their duties. Users
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who performed the duties of traffic managers (Conirollers-
in-Charge, Supervisors, Traffie Managemen: Coordinalors)
were asked questions aboul the operational benefits of the
products on the Situaiion Display.

After the interview process was eompleted, the
benefils estimates claimed for the TDWR system were
revisited.

2. PRIMARY TDWR MISSION: SAFETY

The Ribbon Display Terminal provides text messages
{wind shear and microbnmst) 10 conuollers for relay to
approaching and depaning aircraft. The users were asked
their perceptions on the accuracy of the messages (ie.,
When available, did pilot reports tend (0 agree with the
Ribbon Display Terminal message as issued?). The nsers
were unable 10 comment on the accuracy of microburst
messages. Pilots tended not w land or depart when
microburst messages were issued. As a result. there were no
pilot reports 10 conflirm the TDWR mescages.

A Tower Supervisor related an anecdote azbout an
aflcmoon when there was an LLWAS aler associated with a
stonn on the end of the runway. The pilot of a fully-lpaded
heavy jer was debating whether or not Lo lake off when the
TDWR issued a 60 knot loss microburst alert. The pilot
chose 10 delay the aircruft's depafiure until after the storm
either moved or dissipated. The pilol thanked the Air Traftic
for the waming saying that his aircraft would not have been
able 10 cope with a 60 knot 1oss on takeoff.

Another Supervisor cited a situation during which a
pilat was given a wind shear message for a 25 knot loss on |-
mile departure. The pilot used full throttle and kept the
aireraft’s nose up. The pilot subsequently called the
controller and said “Thanks, I wouldn't have recovered from
a 25Kkt loss withoul the alert.”

In genemal, the users perceived that the wind shear
messages were accurate; when pilot reports (PIREPs) were
given the PIREPs genemlly confirmed the wind shear
message. Thus, the TDWR system [s meeting its primary
mission goal of enhancing safety by detecting hazardous
thunderstorm-induced wind shears,



31, SECONDARY TDWR MISSION: PLANNING

The TDWR provides products on the Simarion
Display that can be used to suppon air iraffic planning. The
gust tront product and wind shift estimaies on the Situation
Display were developed o aid in antcipating runway
changes due 1o thunderstorm-induced wind shifts. Ii was
expected that air iraffic managers would use this product to
taxi aircraft lo the appropriaze end of the runway to take
advantage of the anticipated wind shift and resulting runway
reconfiguration. In addition, flying time of armriving aircrafl
would be reduced. The presence of the preeipilation and
graphical microburst produet on the Situation Display would
provide Ihe users with situational awareness.

3.1 Gust Front Product

One facility particularly liked the gust front produet.
There was a favorable impression of the performance of the
product (delection and forecast), Users generally eould not
commenl on the performance of the wind shift estimale as
they had never really assessed the produet. Apparently it
was sufficient lo know thalt a gust front was preseut. One
Supervisor claimed that he could 1ime the arrival of the gusr
front al the airport 1o the aircraft.,” Users did not recall
misses and were not concemned about the few false alarms
they had observed. The false alarms generally occurred
when there was no convective weather in Lhe area and thus
were obvious false detections. It is likely that the acceprance
of the gust front product at this Facility is due Lo reasonably
good performance of the algorithm in that weather regime
and 1o realislic expectations of the produel by the users,

At the other facilities however, the users expressed
dissalisfaclion wnh the pust front product. Numerous
controllers menlioned that gnst fronts impael Lhe airport
without any detection by the TDWR., They described these
"misses” under several weather conditions; gust fronts that
travel along the leading edge of a thunderstorm and wind
shift lines that come through on cloud-free days. Users
noted that on many oceasions, gnsl frons approaching he
airport have disappeared from the display, which caused the
users 1o assume Lhat the wind shifl line dissipated, Then the
front erosses Lhe airport and cawches the users unprepared.
These anecdotes probahly describe gusl front delections that
are dropped temporarily because of poor viewing angle.

Some users commenled that the detecrions that do
eross the airpor seem to be reasonably accurate and thar
some usets sometimes employ the gust fromt product to
anticipate c¢hanges in runway configuration. Rather than
trust the gust front product oulright, the users tended o use
additional observations from oullying airports ta corroborate
the gust front preduct. IF the winds shifted al the ourtlying
airports then the usets acted in anricipation of the gust front
passage. The lower sometimes held departing aircrafl in 1he
gate area and they oceasionally taxied aireraft to the npwind
end of the runway in anticipation of Lhe wind shift. Some
users said that they do not have enough confidence in the
producl lo act in anticipation of gust front passage.

In a few facilities, the gust front product was being
used as a surrogale for stomm motion. At those facilities, gnst
fronts lend to be associated with line storms and tend to lie
along the leading edge of the siorm. In this case, gust front
molicn js not gready different fromn storm motion and
reasonable epproximations to swomm metion.  Two
supervisors who were slaunch supporers of lhe product
admitied that they would give up the gust fronl product for a
Lrue storm molion product,

3.2 Precipitation Product

The precipitation product on the Situation Display
was well-liked by the users. The color display made the
product easy lo inerprer and was preferred (o the ASR-9
monochrome weather preseniation. Users perceived thar the
imensity level and locatiou of the precipitation as indicated
by the TDWR were accurate, especially when compared to
the ASR-9 data which were oflen centaminaied by
anomaious propagation. Users ciled many $ceuvarios when
the precipitation product is used to plan traffie flows:
anticipating the closing and opening of pates and weather
impact at the airpor, identifying regions pilots are likely to
avoid, ew. Some users had seen TDWR attenuation but do
not consider (his an impediment to their jobs. Under those
circumslances, lhe weather near the airport was o[ greater
concem Lhan the attenuared weather.

One user rcported false echoes iu the TDWR
precipilation product within 15 nm. One supervisor would
like to see Lhe coverage of the precipitation produet
exrnded w longer ranges.

One supervisor commented that the TDWR appeared
to be more aceurale within 15 nm and ASR-9 was more
accurate oulside 15nm. One user commented that the update
rate was slow compared 10 the ASR-9.

3.3 Microburst Product

Some traffic managers use the presence of
microbursis on the Situalion Display as au indication of
intensity of the weather. Some users commenied that when
lhey see mierobursls associared wilth weather moving
woward the airport, it provides a heads-up thal microbursis
may soon impact the airport.

4, ADDITIONAL OBSERVATIONS

4.1 TDWR Training

The users indicated that the training program focused
too muel on the Situation Display; desenibing whal would
happen 10 the display when a bulton was pushed. I provided
no background aboutr what the system was designed to do
and what its expected performance should be. For example,
many respondents indicated thal the training was ftoo
simplistic and led them 1o believe (hat the system was
capable of detecting all wind shear, including all wind shift
lines and wind shear on days with no thunderstorms. When
the TDWR system behaved differently than expected (e.g.,



by not detecting wind shears on clear, blustery days) the
users lost confidence in the system, As a result, the vsers are
not comfortable with the system and do not lake full
advantage of the produets.

Had background information on the TDWR system
(such as weather phenomenclogy, scan stralegies, and
algorithm performance) been available to the facililies in an
easily accessible manner, most users would have taken the
opporlunity to familiarize themselves with the informarion
outside the formal training program. This would have
reduced unrealislic expectations of the system and increased
overall user salisfaction. In addition, users ofien noted that
the training was performed well in advance of lhe
eommissioning of the systemn (usually due w delays in lhe
eommissioning process). The users indicated that a brief
review (such as a short video) would have been useful.

At one faeility, conrollers relaled many inslanees on
clear, blustery days when the LLWAS was issuing wind
shear messages, pilols were reporiing wind shears, and the
TDWR was silenl. The users believed that the TDWR was
missing wind shear events, LLWAS anemometers and
landing and departing aircratt do experience blustery,
lurbulent winds. In the past, LLWAS alarms associated with
this phencmenon would probably have been considered
nuisance zlarms. Pilots might have experienced air speed
Muctuations and reported the encounter as turbulence or
“bumps.” Now pilots are trained to identify and avoid wind
shears, resulting in increased awareness. Pilols are now
more likely 1o report wind shear encoumters: even
encounters with weak shears. In addition, it is suspected that
pilots are more likely lo eategorize any encounter that
resulls in an air speed fluctuation {thermals, turbulence, etc.)
as wind shear, thereby eonfirming the LLWAS “nuisance”
alarms. Are these “nuisance” alarms truly nuisance or are
they operatinnally significant wind shears? Do pilots wani to
be informed of the presence of these conditions?

4.2 Miscellaneous

One TRACON supervisor was very enthusiastic
about the TDWR. He somelimes read the alerts from the
Situation Display to TRACON controllers and asked the
TRACON controllers to pass alerts 1p pilols in the arrival
stream. On onc oecasion when there was a gust fronl seven
miles from the airpori, the TRACON eonttoller passed the
information to a pilot and the pilot reported moderate
turbulence iu the vicinity of the gust frant.

One conlroller expressed a wish o move Lhe
eenlerfield wind display, from ils present position al the
botiom of the Ribbon Display Terminal, to the lop of the
Ribbon Display Terminal. The same controller expressed a
desire for consistency in the notation for calm winds. All
other systems use the nolation “360 00”; the TDWR nses the
word “CALM.”

Controllers fell rhat the requireinent to deliver

TDWR messages to pilols has resvlied in an increase in
workload during times when adverse weather is impacting
the airpor.

Some respondents said thal they would like to hear
an audible alarm whenever a2 new ARENA receives a
windshear or microburst alent. Under the current sysiem,
after an alarm has been acknowledged, the Rihbon Display
Terminal does nel genemate an audible alarm again until all
alerts have cleared AND a cemain time period elapses (c.g.,
15 minutes). The users disagreed about whether they would
like to hear an audible alarm for changes in alert magnitude
in the same ARENA,

The Denver users had been exposed to 2 TDWR
prototype system for several vears at Stapleton International
Airport, They are very familiar with tThe TDWR products,
the distinetion between LLWAS and TDWR, and thc
concepls of anemometer-based and radar-based wind shear
detection. There are a few substantive differences between
suile of products that was offered in the prototype system
and those available in the production TDWR. The proloiype
had a storm motion preduct and, on the 5 nm range,
displaved the LLWAS veelors graphically. Nearly all
Denver users indicated that they missed the siorm molion
and LLWAS veelor produets and that they were not
intorrned that the produets would not be available when they
moved (o the Denver International Airport.

Several users wanted the runway configurations to be
labelled with names rather than numbers. The current
method necessitates the use of a “cheal-sheet” near the
Situation Display whieh describes which tunways are
included on (he numbered configurations.

A number of the users believed the wind shifi
produet indicates gust front mation instead of the wind shift
eslimare.

5. REALIZATION OF SAFETY AND> DELAY BENEFITS

5.1 Originally Envisioned Benefits

5.1.1 Safery Benefits

The TDWR is first and foremost a safety-related
radar. 1is mission is 1o deteet wind shear near the airport, lo
aseertain lhe strength of the shear, and (o issue alens 10 air
traffic vontrollers. Accordimg o the ATC personne]l who
were interviewed, when the radar is operational the TDWR
performed ils safety task well. Some users were dissaristied
that the TDWR does not issue alerts for some of the
“blustery day” shear eventls where pilots report gains and
josses of 10-20 knols in clear-air condilions. Because the
LLWAS is an anemometer-based deleetion system, it does
issue alerts on bluslery days. The consistency berween the
LLWAS alerts and pilot reports is comlening to the air
traffic  controllers. Those weak. blustery-day events,
however, are¢ not generally viewed as hazardous. The
TDWR was designed to issue alerts associaled with



polentially hazardous, thundecstorm-related wind shear
events and it does so with high reliability.

5.1.2 Anticipating Runway Changes Due 1o Gusl Fronts

The TDWR deployment studies also listed one
category of delay reduction benefit, The gust front product
and wind shifl eslimates on the Situation Display were
envisioned lo be beneficial in anticipating runway changes
due tw thunderstorm ouiflows. The ability 10 anticipate
runway changes would save departing aircraft from taxiing
to one end of the runway only to be teld 1o taxi down 1o the
opposite end of the munway because of the wind shift,
Armiving aircraft were also envisioned lo derive some
reduelion in flying rime. In our estimalion, this category is
nol being fully achieved.

The TDWR gust front product detects approximartely
40% of all gust frons. The algorithm has 2 difficult tme
deteeting fronts that are radially aligned with the radar.
Consequently the algorithm often drops the deteetion as the
front passes over the radar on its way to the airpor. As a
resull of their eaperiences with missed delections. dropped
deteclions, and false alarms the users do not have a high
degree of confidence iju the gust front product,

This benefit category could be more fully realized if
the Machine Intelligent Gust Fronl Algorichm (MIGFA;
Troxel and Delanoy, 1994) were implemented in the
TDWR. MIGFA detects approximately twice as many gust
fronts as the TDWR algorithm (Klingle-Wilson, e al.,
1996) and it does a better jab of maintaining the detections
as the fronts become radially aligned with the radar.

3.2 Recently ldentified Benefit Categories

The [ntegrated Terminal Wealther Sysiem (ITWS)
Key Decision Point (KDP)-3 benefits stwdy (Rhoda, 1996}
lists twenty-nine benefit categories related 1o the depiction
of TRACON weather during thundersiorms. Several
categories are applieable for the TDWR program. These
benefits ean only be Iully realized if a storm motion product
is added 10 the TDWR soflware suile. The ealegories lisied
here are related to departure (rausition areas, Additional
benefils accrue o airspace system users ({airlines and
passengers) [rom other benefit calegories.

5.2.1 Departure Transition Area Management

1t is hypothesized that TRACON 1raffic managers are
more affected by weather in the Departure Transition Areas
(DTAs) than by wealher in Lhe Amival Transition Areas
{ATAs). If the DTAs close, planes begin to stack up in Lhe
TRACON airspace and must be managed by TRACON and
tower personnel. It ATAs are closed by storms, Lhe aireraft
stack up in the en roule airspace and are not, for the
moment, problematic to the TRACCN personnel. This is an
oversimplification but seems, to a first order, to be accurale.
Hence, as far as benefits 10 the FAA, only benefit categornies
relaled to Ihe management of TRACON and DTA airspace
are considered.

5.2.2 DTA Closure/Opening Anticipation

The ability Lo anlicipate when weather will affeel
DTAs leads 10 effieient 1raffic management in the
TRACON, Aircralt may be routed 10 DTAs that are clear of
weather or they may be held on the ground uniil the
appriopriate DTA  is clear of weather. The six-level
precipitation depiction on the TDWR Sitwation Display is
eaty to interpret and, if combined with a storm molion
product, would make it easy for tralfic managers Lo
anlicipate when storms will affect DTAs. The ability w©
anlicipate weather impacis on DTAs would lead w0 shorter
TRACON flying roules and a less swessful workiug
environment for TRACON coenrrollers.

5.2.3 Runway Changes due to Thunderstorm Impaet

It the six-level precipilation product were augmented
with a storm motion product, traffie planners would be able
10 anticipate when storms moving into a final approach path
would necessilate 2 runway change.

3.3 Quantification of Benefits

It is estimated that the reeenty identified benefil
categories would resull in annual air carrier delay reduction
of 2300 hours at the TDWR airporis, which would save the
airlmes and the flying public approximalely $5.3 million per
year.

These figures are based on the ITWS KDP-3 delay
benefir calculations. That study attempted to account for the
benefits of the baseline systems. TDWR was assumed Lo
have a storm motion product as well as a six-level
precipitalion map. These estimates are fairly conservative in
that they only account for air carrier delay. Air taxis, general
aviation, and military flights were not ingluded in the
TDWR caleulations.

6. CONCLUSIONS

The TDWR sysiem is aecomplishing i1s primary
mission of increasing safely with respect to thunderstorm-
induced wind shear conditions,

While every facilily visited believes they are belter
off with the TDWR system than withour it. In general, users
are comfortable with and trust Lhe microburst and
precipitation produets. They believe these produetls are
accurate and useful. However, gust [routs productl is
believed 1o be inaccurate and untrustworthy.

The users tend to have unrealistic expectations of the
performance of the TDWR products. This can be alleviated
by providing training malerials that suppon the training
specialists’ work, such as a short video, shon papers (three
pages or less) deseribing the various produets, and/or use of
a World Wide Web home page that provides answers to
frequently asked questions.

The performance of the gust front product should be



improved 1o increase users’ confidence and fully realize the
polential benefit of the product.

The addition of the storm motion product would
result in significant planning benefits.
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