














5. PRINCIPAL CAUSESOF WEATHER-RELATED DELAYSAT EWR WITH
ITWSIN OPERATION

51 Background and M ethodology

The Office of Inspector Genera (OIG) was recently asked to examine sources and causes of flight delays

and cancellations. The OIG audit reported “while the Bureau of Transportation Statistics (BTS), the
Federal Aviation Administration (FAA), and air carrier systems provide information on the quantity of
delays, information on the causes of delays was found to be incomplete and inconsistent.” They went on
to say that identifying good long-term solutions to reduced delay would be problematic without an
accurate source of information on the causes of delay. Part of the problem lies in the fact that the airlines
and FAA have different definitions of what delay is and what its causes are.

Our study has sought to make a major advance in attributing causes togveather-related delays at EWR
during the two year period covering September 1998 through August.2000the authors best
knowledge, this is the first time that a concerted effort has been made to estimate delays at an airport
related to convective weather well away from that airport’s location, and to determine the delays are due
to high winds in otherwise fair weather.

Other studies have examined weather contributions to delay at individual airports. Robinson (1989)
examined delays at Atlanta’s Hartsfield International Airport and found that the maximum delay per
operation came from heavy fog, with thunderstorms ranking second and reduced visibility third. Weber,
et al. (1991) examined delays at Chicago’s O’Hare International Airport and found that the greatest delay
per operation came from thunderstorms, with heavy fog ranking second and reduced visibility third.
Although there were differences in the methods of these two studies, it is evident that different airports
are subject to different weather phenomena and thus have different needs for weather information tools. A
sharply contrasting example is San Francisco International Airport, which has a high percentage of days
with limited visibility due to marine stratus, while having very few days with thunderstorms (Clark et al.
1997).

Several studies currently underway characterize delays at airports as arising from insufficient capacity
during Instrument Meteorological Conditions (IMC), when compared to Visual Meteorological
Conditions (VMC). Assuming that paradigm leads one to attempt to model delays as a function of IMC v.
VMC conditions respectively at the airport.

Our results for EWR show that the simple IMC v. VMC airport capacity model will not explain the actual
delays because:

1. Convective delays can be associated with IMC, VMC, or mixtures of IMC and VMC at the
airport. In fact, many of the convective delays arise from storms that are not near the airports
with delay problems (see Appendix A).

2. High winds can cause delays during both IMC and VMC conditions. Moreover, high winds
during VMC conditions after a front has passed are clearly an important cause of delays at
EWR.

Using the Consolidated Operations and Delay Analysis System (CODAS), all days with two consecutive
hours of average arrival delay exceeding 15 minutes were identified. For the purposes of this study, a day

® The unusua choice of a time period is due to the availability of data collected at an ITWS fidd site located in
Garden City, New York. This data was critical for accurate statistics on thunderstorms impacting NY TRACON
(N90) operations.
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was defined as the period starting and ending at 0500 LT. In addition, any hour with fewer than 10

arrivals was not considered (due to the effect one or two flights could have on the average). These “delay
days” were then broken into two main groups—one group included delays directly attributable to weather
in New York airspace, the other group included delays attributable to causes unrelated to weather in New
York airspace. The first group had three subcategories: thunderstorms, low ceilings and/or visibility, and
high surface winds. The second group also had three subcategories: delay due to weather elsewhere in the
country, delay unrelated to weather, and delay where cause was unknown. Weather data were taken from
two sources: METAR surface data at EWR and New York ITWS daily operations reports. All categories
were unique (i.e. delay days were put into one, and only one category). The priority list for days that had
multiple causes is as follows: thunderstorms, low ceilings and/or visibility, highcsuwinds, weather
elsewhere, unrelated to weather, and unknown. A complete list of the delay days for September 1998 to
August 1999, as well as their associated categories, appears in Appendix A.

It is important to realize that in this discussion we are not attempting to convey the idea that weather is the
only cause of delay on days with adverse weather. Decisions made by traffic managers and airline
schedulers in response to the weather play a significant role in the system. The goal in determining the
relationship of weather to delay in New York is to focus research on ways to reduce delay that could have
been avoided despite the adverse weather.

5.2 Categories of Delay Days
5.2.1 Thunderstorms

If a METAR report contained the mention of a thunderstorm, that day was listed as a thunderstorm day.
However, we augmented METAR identified thunderstorm days by reviewing the ITWS daily operation
reports, which generally report any thunderstorms occurring within the New York TRACON and
sometimes just beyond its borders. This was a critical source of information, since thunderstorms 100 nmi
or more from EWR can significantly disrupt operations, even though a METAR would not mention the
storm unless it tracked directly over the airﬁorln fact, on thunderstorm-induced delay days, 70 percent

of the hours during the delay period at EWR were VMC. Furthermore, more than half of the thunderstorm
days, including some with very high total delay, had VMC at EWR during the entire delay period (see
Appendix A).

5.2.2 Low Ceiling and Visibility (C & V)

The C&V category implicitly includes all significant precipitation events at the airport, as they always
result in low ceilings and visibility. Also, contrary to some studies (Clark and Wilson, 1997; Robinson,
1989), we do not consider low ceilings and low visibility as two separate categories. Low visibility and
low ceilings both have similar effects on arriving airdratthey directly limit airport arrival capacity due

to horizontal or vertical visibility. C&V days were defined as those that had either ceilings less than 3500
ft or visibility less than five miles. We further required that the two hours of average arrival delay greater
than or equal to 15 minutes coincided with the low ceiling and visibility conditions defined above.

5.2.3 High Surface Winds

High wind day identification was more subjective. Ground delay programs are frequently implemented at
New York airports when strong, gusty northwest winds make it difficult to control aircraft spacing, and
limit capacity by forcing the airport into sub-optimal runway configurations. The primary parallel

® The problem in using METAR data to assess convective weather impacts on terminal operations is also discussed
by (Bieringer, et al., 1999). They concluded that the use of thunderstorm day climatology for an airport to estimate
the frequency of terminal operations impact by convective delays undercounts the frequency of convective impacts
by about 80%.
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runways at EWR—runways 4 and 22—allow for maximum winds (including gusts) of 20-28 kts for wind
directions between 260-340 deg (Figure 13). As a first guess at finding days where high winds caused
delays at EWR, we identified all the remaining delay days where the only limiting weather type during
the delay period was sustained winds of at least 15 kts during any two of those delay hours. To further
remove doubt that winds were a factor in delays on these days, we cross-checked all available EWR and
N9O facility logs to make sure that winds were referenced as a problem. If winds were not referenced as a
problem, we did not include that day in the wind category. These were called wind days, with the primary
assumption being that the high sustained winds of 15 kts or more were gusting to at least 20 kts and
making it difficult to sequence aircraft properly. Difficulties with compression on final approach during
very windy days can also lead to delays. As stated earlier, compression problems result when descending
aircraft encounter rapidly changing winds, and thus become more closely spaced as ground speed
decreases. Unless fewer planes are handed off to the TRACON (by increasing aircraft spacing outside the
TRACON), there will be an overload of aircraft on final approach, and holding (along with increased
workload) will result.

Maximum allowable winds for EWR arrival runways
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Figure 13. An illustration of reduced capacity created by strong northwest winds at EWR. Winds near or above the shown
thresholds significantly reduce capacity, and force use of the low capacity cross runway, 29. The problem occurs both with
strong northwest and southeast winds, however the former is by far the dominant problem at EWR. Information obtained from
the ATCSCC web site (http://atcsce.faa.gov).

524 Delay Dueto Weather Elsewherein United States

A very common occurrence during the convective weather season is that the traffic moving to or from
New York is delayed by convective weather between the other airport and New York. Thus, we have
attempted to identify cases where the arrival delay at EWR in this study arises from weather elsewhere in
the country when there was no significant weather in or near (e.g., within 100 nmi) the New York
airspace. It has been noted by New York ITWS staff that weather elsewhere generally causes significant
impact only when affecting airspace between here and Chicago, Atlanta, and Florida. Thus, only the
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eastern half of the nation (from the Great Lakes eastward and southward) was considered. During these
scenarios, Severe Weather Avoidance Procedures (SWAPS) are often implemented, and departure and
arriva delays are usually substantial, especialy when widespread thunderstorms close many routes to the
south or west of New York. When SWAPs are implemented, preplanned re-routing procedures are
implemented to evenly distribute flight plans displaced from closed routes. SWAPs involve extreme
coordination, aswell as a high workload, for the TRACON and ARTCC facilities involved.

Three important sources of information were used to determine if delay at EWR was due to weather in
another location:

1. Facility logsfrom N90 (TRACON), EWR, and ZNY (New Y ork Center).
2. National radar mosaics archived at the National Climatic Data Center.
3. CODAS delay datafrom facilities close to severe weather.

If an intense squall line hundreds of miles in length was present between New Y ork and Chicago airspace,

and if lengthy delays (severa hours of departure delays greater than 15 minutes) were occurring at

Chicago O’Hare International Airport (ORD), this was flagged as “weather elsewhere”. If there was no
squall line, but there were strong storms near Chicago, or any point between New York and Chicago, and
if delays were present at ORD, we also attributed these EWR delays to weather elsewhere. If significant
weather (such as a snowstorm or thunderstorm) was occurring north of New York in New England, and if
long delays were present also at Boston Logan International Airport (BOS), we attributed New York
arrival delays to weather elsewhere. A similar method was employed for weather in Washington, DC
airspace, using delay information from Washington Dulles International Airport (IAD). If widespread,
major convective weather were occurring in the Southeast, it was assumed that any arrival delay at EWR
was due either to departure delays in the south because of a major convective outbreak, or the “ripple”
effect due to the same weather. Any questionable days were not included in this category if facility logs
did not mention restrictions in areas impacted by severe weather.

It is recognized that this is a subjective attempt to determine what amount of arrival delay in New York is
due to weather elsewhere. Even on days when there is weather in New York, an undetermined amount of
that delay is due both to weather elsewhere, and to the downstream delay effect. Also, although we
believe the majority of delays due to weather elsewhere can be attributed to significant precipitation
(especially convection), it was impossible to determine if non-precipitating weather elsewhere was
inducing delays. For these reasons, we feel it safe to say our assignments of delay incidents to the
“weather elsewhere” was quite conservative.

5.25 Déday Unrelated to Weather

If there was no weather that fell into any of the above categories during a delay period within the
significant demand period (0800 to 2200 LT), then that delay was said to be unrelated to weather.

5.2.6 Deay Cause Unknown

There were several days where it simply could not be determined with any degree of confidence what the
source of delay was. Most of these cases were days on which average delays were high for a few hours
during the late evening or very early morning hours. These may have represented long-haul flights
arriving during off-peak hours that had been delayed for some unknown reason. In many cases the delay
could have been due to weather on the west coast or some other far-away destination. It may also have
been that the flights were delayed for mechanical reasons. In other cases, weather in the eastern half of the
nation was not of a magnitude to definitively say it disrupted air travel in the east. Rather than guess, we
simply said that the cause of delay was unknown.
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5.3 Weather I mpacts for September 1998 thr ough August 2000

The two years included in this study were very different in terms of precipitation. The full year period of
September 1998 through August 1999 was 25% drier than the climatological average, while the full year
period of September 1999 through August 2000 was 13% wetter than the average. The same result held
true for the two summers: the summer af 1999 was amost 30% drier than average, while the summer of
2000 was 25% wetter than climatology . This is very pertinent for the findings in this section, since it
suggests that the delay causality results for the two years together represent a reasonable average of what
might be expected at EWR in a “climatologically average” year.

Convective weather clearly has the biggest impact on EWR operations (Table 1 and Figure 14), primarily
during the spring and summer months (Figure 15). Not only are the impacts more severe per event than
any other category, but cancellations and diversions are by far the highest of any category (see Appendix
A). Delays associated with convective weather both inside and outside New York TRACON airspace
account for almost 40% of all arrival delay at EWR. In fact, convective weather elsewhere is related to
14% of all arrival delay at EWR in a year.

Why is it that thunderstorms disrupt air travel so severely and what can be done about it? A level 3 or
greater thunderstorm is generally anywhere from 25,000 to greater than 50,000 — too high for most
aircraft to fly over. In the busy airspace in and around New York, this is akin to parking a car on a busy
highway in the middle of rush hour. The result is a major traffic jam. A hotly debated topic is what the
most effective ways are of dealing with aircraft flows near thunderstorms. One common method of
alleviating impacts is to reduceg traffic in the skies by intentionally delaying aircraft on the ground using
Ground Delay Programs (GDPR)This allows airborne aircraft more leeway in maneuvering around
storms. A common misperception is that airports such as EWR can'’t land as many aircraft on days when
there are thunderstorms nearby — as long as the storm is not over the airport, the real problem is getting
enough aircraft to the runways. It can be seen in Table 5 and Figure 15 that during weather events, New
York often makes use of GDPs to reduce airborne volume and mitigate airborne delays. What is
noteworthy is the sharp increase in use of GDPs during 2000, especially on days when weather elsewhere
is impacting New York operations.

" Source: National Climatic Data Center

8 For every flight, CODAS directly reports the amount of delay that is directly attributable to GDPs. When aGDP is
in effect, each flight is given a computer-generated Estimated Departure Clearance Time (EDCT), in order to meter
the arrival rate at the destination airport. Since a flight is not permitted to leave before this time, that portion of the
delay can be easily determined. It ishoped that this forced ground delay significantly reduces airborne holding and
diversions.
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Table 5
Summary of weather impacts at EWR from September 1998 through August 2000.

All statistics are for arrivals and are from the CODAS data set. Itis also important to note that
GDP data was missing from CODAS from late June to late August of 2000. The GDP results in the
table for that year are extrapolated from those months where the data were available. This is not

expected to change the results significantly.

_ Number of Average delay Percent of Percent of delay
Primary Delay Cause events per event total annual due to GDP per
(min*1000) delay category
Thunderstorms 36 48 16.8 17.1 24.6 27.8 28.6 41.9
Low Ceiling/Visibility 53 42 14.7 15.9 31.6 22.6 36.2 52.2
High Winds 25 44 12.3 12.3 12.6 18.3 24.6 46.3
Convective Weather Elsewhere | 31 36 9.9 12.6 12.4 154 6.1 40.0
Weather Elsewhere (non-conv.) 9 1 8.9 5.1 3.2 0.2 2.6 0
None 33 44 6.9 7.4 8.9 11.0 2.1 4.2
Unknown 24 21 6.9 6.6 6.7 4.7 0 0

shaded columns represent September 1998—August 1999
adjacent columns represent September 1999—August 2000

Similar to thunderstorms in total annual impact and second in average delay per event was ceiling and
visibility. This category is also first in delay due to GDP, with amost 45% of C&V arrival delay directly
atributable to GDPs. Thisislikdly a function of the persistence of many C&V events, which resultsin
lengthy programs. There are, however, severa influencing factors besides the low ceiling and low
visibility involved in some of these cases. Many of these cases occurred during East coast storms, which
often featured heavy rain, freezing rain, snow, strong winds, and high vertical wind shear, al of which
contribute their own unique difficulties to aviation. Significant vertical wind shear was present on about
20% of C&V days (based on areview of ITWS operationslogs). On these days, delays were generaly 10
percent greater than the overall C&V average, while cancellations averaged 50 percent higher. While the
vertical wind shear itself is certainly part of the cause for greater delay, as noted above, the wind shear
was often featured as part of a significant east coast storm. It is also important to note winter weather
events. There were 11 days (including 2 of the vertical wind shear days) classified as winter weather
days. On these days, delays on average were 10 percent greater, but cancellations nearly doubled, due to
the relatively long-lead time in the prediction of snowstorms. Increased delays in snow are partialy
attributable to snowplow and runway treatment operations. Overall, however, we fed that low C&V was
the leading, persistent factor contributing to delay on all daysin this category.

High wind days ranked third on the list in terms of average delay per event, and constituted over 15% of
al delay during the year of the study. Thisis a category that is often overlooked when considering what
weather leads to delays. Traffic managers typically institute a GDP when winds are strong and gusty from
the northwest, especially during the winter (Figure 14) when pressure gradients tend to be stronger. On
some of these days there is even strong vertical wind shear, which leads to higher average delays and
cancellations. It can be difficult to predict and react to surface wind conditions, which can be highly
variable and localized in nature. In New York, LGA and EWR both suffer when winds are strong during
peak demand periods, because of the limitations of their runway configurations.

More than 15% of all delay was due to westher elsawhere in the country, although the true number may
be even higher than this. Future research initiatives to reduce delays at EWR should include improved en
route weather prediction products since reducing the EWR delays due to en route weather could result in
tremendous delay reduction. We have often observed cases where the New York skies were clear of
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weather, but empty of airplanes, due to weather blocking routes into and out of the east. Reducing the
frequency and duration of such events involves improved weather products and improvements in the
coordination and effort between the FAA System Command Center and various en route centers
throughout much of the country. In this study, 90% of the delay due to westher el sewhere was convective
in nature, while only 10% were attributable to non-convective--but significant--rainfall or snowfall.

There were 77 cases in which weather did not appear to be afactor in delays. Note that both the delay per

event, and the overal delay for the year are small. There are also a small number of GDP delays within

this category. Some of these were days in which there was considerable haze in New York. In other

words, they were days in which capacities were reduced due to visibility, but only minimally so. The

surface visibility was above the study threshold of 5 miles, so it was not considered in that category.

Other days were instances where there was a major equipment outage. Many of these “no weather”
delays, however, represent how close New York airports operate to VFR capacities, and how easily
delays can be created, even on clear weather days.

Distribution of weather related delays
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Figure 14. lllugtration of the distribution of weather-related delay categories by month. The data include days which met the
criteria set forth in the paper for delay days during the one year period of the study (September 1998 through August 2000), and
should not be taken to represent any actual climatol ogy, either for the two year period, or any other period of time.

31



EWR Cumulative Delay Impact
(Sept 1998-Aug 2000)
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Figure 15. Percentage of total delay contributed by each group defined in study. Weather elsewhere is also separated into
convective and non-convective events.
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6. “AVOIDABLE” DELAY AT EWR WITH ITWS/TCWF IN OPERATION

6.1 I ntroduction

A critical issue in investing in air traffic management information systems such as preplanned product
improvements for the ITWS and TCWF is what amount of delay that occurs with ITWSTCWF in
operation is actually avoidable, and what can be doneto eliminate that avoidable delay. In this section, we
discuss what might be done to reduce the various weather causes of delays that were discussed in Section
5

6.2 Delay Reduction Tools
6.21 High Winds

Perhaps the most difficult weather induced delay to address is the high wind problem. High winds tend to
be a problem in New Y ork most often in winter when large-scale storm systems are the strongest. Little
can be done about the delays due to inahility to use certain runways during high winds. However,
providing automation aids such as the Center-TRACON Automation System (CTAS) and high quaity
estimates of the 3-dimensional winds, could mitigate controller problems in merging and sequencing
aircraft to the usable runways. We have not quantified the extent to which the controllers at the TRACON
do not achieve the desired spacing between landing aircraft during high wind events. NASA Ames,
however, is conducting studies to determine to what extent CTAS might be able to increase the arrival
acceptance rate at airports such as Newark.

Another problem on high wind daysisthat during the winter on clear-air days, Doppler radars suffer from
alack of clear-air scatterers (dust, haze, and insects) which provide valuable wind information. When the
TDWR and NEXRAD Doppler radar data are unusable, the 3-dimensiona winds must be estimated from
aircraft (MDCRS) reports, model data (e.g., RUC), profilers, and surface sensors (e.g., ASOS). While
these sources are important, Doppler radar data provide (1) the finest spatia resolution, (2) widespread
coverage in the TRACON airspace, and (3) frequent updates which are helpful in dynamic situations.

As with low ceiling/visibility events, traffic managers usualy address capacity-limiting winds by
instituting ground delay programs. Short-term (1-3h) predictions of high wind conditions would help
reduce delay by aiding in the correct timing and duration of those GDPs.

6.2.2 Thunderstorms

Quantifying avoidable delays during thunderstorm events is very complex, due to the widespread, en
route nature of the problem. Since TCWF, and other convective weather research efforts are examining
avoidable convective weather delay (Evans and Ducot, 1994; Forman, et d., 1999), we did not estimate
avoidable thunderstorm delays in the study phase reported here.

6.2.3 Low Celling and Visibility

We will focus the rest of this discussion on what delay is avoidable during low C&V by various
approaches.

6.2.3.1 Wake Vortex Advisory Systems

A weather adaptive wake vortex advisory system [Evans, 1995] may be a fruitful way of increasing
capacity by permitting decreased spacing on landing or take-off under atmospheric conditions conducive
to rapid dissipation of wake vortices. A study of the magor West Coast airports [Evans, et al., 1999]
showed that such a system could be quite beneficia at a number of these airports. Since the West Coast
airports encounter winter storms that are similar to those at New York (low ceilings and visibility with
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high winds), astudy of awesther adaptive wake vortex advisory at New Y ork is warranted. However, this
could not be carried out in this phase of the study.

6.2.3.2 Predicting the End of Low Ceiling and Visibility Events

Section 5 showed that low ceiling and visibility account for the largest percentage of weather delays at
EWR during the study period. The extremely busy and congested Northeast Corridor surrounding EWR is
especially characterized by short-duration flights, and the potential benefit of short-term C&V forecastsis
significant as discussed by Evans (1995) and Wilson and Clark (1997). A program is underway to predict
the burn-off of low ceilings due to marine stratus clouds at San Francisco International Airport (SFO)
(Wilson and Clark, 1997)

Unlike SFO, EWR C&V conditions are largely driven by synoptic scale weather systems. Out of the 53
cases identified in Section 5 of this study, 33 were accompanied by stratiform rain of three hours duration
or more. Theremaining 20 cases were either rain free or featured scattered showers. Of the 33 rain events,
the commencement of IMC conditions coincided with the onset of precipitation in 21 instances. This
suggests that the commencement of precipitation may often be used as a proxy for IMC conditions. One
possibility for reduction of delay under these circumstances would be to use the one-hour precipitation
forecast of TCWF (Wolfson, et al., 1999) in conjunction with rapid-update satellite data to determine the
onset/commencement of low C&V conditions.

6.3 12 February 1999—$1,500,000 in Avoidable Delay
6.3.1 Discussion

Opportunities exist for predicting the end of some low ceiling and visibility events using the current

ITWS and TCWF storm tracking capahilities. It has been often observed that convection rapidly decays as

it moves eastward through the New York TRACON's airspace. One frequent cause of this is the influence
of cool ocean water on the marine environment near the coast, which often acts to increase atmospheric
stability. If traffic managers know that convection to the west is dying as it moves into thecejrpey

can increase arrival rates accordingly. The following example is a classic case where managers were able
to use ITWS effectively to great economic benefit. However, opportunities existed for substantial
additional economic saving through the accurate knowledge of the onset of low C&V, and the fact that a
squall line had dissipated to only level 1 rain.

6.3.2 Waeather Event Description

On 12 February 1999, a cold front tracked from west to east during the day. At EWR, the day started out
with low ceilings and visibility but improved to VMC when the cold front entered the western edge of the
TRACON. At this time the line was comprised of fairly strong VIP level 4 and 5 thunderstorms.

During the morning, with C&V conditions still low and a strong low-level jet of nearly 50 kts, the
decision was made to implement an afternoon GDP with a 34 AAR rate starting at 1300 LT at EWR. As it
became increasingly apparent that the cold front featured strong convection and turbulence, the decision
was made to go into a SWAP at 1600 LT. This was suspended at 2100 LT with the cold front well to the
east of JFK. However, as the line entered the TRACON, it unexpectedly began to dissipate, and weakened
to only a level 1-2 line when still over an hour away from EWR. When the front passed over New York
City, it was thunderstorm free, although the strong attendant wind shift led to 25 kt gains on EWR
runways.

With the unexpected VMC prior to frontal passage, and the rapid dissipation of the line, there was a
lengthy period between 1530 and 2245 LT where the capacity was not being met because of the SWAP
and GDP. However, we assumed that traffic managers were able to match the arrival rate with capacity
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between 1830 and 1915 LT as the front crossed EWR, as it was recognized that with the strong wind
shift, gain alerts, and localized turbulence, the assumed engineered capacities would be too high.

6.3.3 Results of Modeling 12 February 1999

The modeled actual delay (adjusting capacity to the actua arriva rate) is shown in Figure 16, while
Figure 17 represents just the unavoidable delay (using derived capacities based on C&V conditions). The
adjustment period was from 1545-2245 LT. The start time was chosen as the time the C&V conditions
improved, while the area was free of significant precipitation. The end time represents the time that
actual arrival rates finally increased to ideal capacity. In addition, the period from 1830-1915 LT was
adjusted for both runs, to represent reduced capacity during the turbulent passage of the diss pating squall
line. CODAS delay data is provided underlying each chart. Note in Figure 16 how well the model delay
corresponds to the actual CODAS delay. This correspondence was typica of many of our modeled cases.

It was found that the total primary avoidable delay in this case was 230.9 hours. Using the same method
as described in Section 2.2.4, this yields an estimated loss of $1,497,602 in direct operating costs as well
as primary and downstream passenger costs. Air traffic control was able, however, to utilize the Terminal
Winds product to their advantage by landing at least 3 extra planes per hour after the frontal passage,
when there was a strong upper level jet creating significant vertical wind shear. We estimate that this
saved atotal of 25.9 hours of primary delay for atotal benefit of $167,782.
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Figure 16. Delay information from the queuing model, assuming capacity equal to the actual arrival rate from 1545-2245 LT.
CODASdelay is shown for comparison.
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Unavoidable delay - 99-02-12
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Figure 17. Delay information fromthe queuing model, assuming ideal engineered capacity. The period from 1830-1915 LT was
adjusted to the actual arrival rate, due to a squall-line passage. CODAS dd ay is shown for comparison. The AAR for the EDCT
programis also shown (EDCT/SWAP for reference.

6.4 Other Potential Avoidable Delay Benefits

Using the model and capacity method described above, we obtained avoidable delay Statistics for a more
typical day of low C&V conditions at EWR. On 19 May 1999 conditions improved to VMC earlier than
forecast, and the implemented GDP lasted for 90 minutes beyond the end of IMC. It was estimated that by
ending the GDP at the time conditions improved to VMC, nearly $240,000 would have been saved. While
it is beyond the scope of this paper to consider the specifics of all 53 C&V cases, an estimate of potential
savings can be derived. If this result were extrapolated to al 53 cases, the potential savings would be
over 12.5 million dollars. More redlisticaly, if only haf of the cases are considered, the savings is still
greater than 6 million dollars. Furthermore, this estimate only takes into account 90 minutes of increased
capacity after IMC. Additiona savings could be realized in some cases by increased accuracy of GDP
rates in relation to true airport capacity during the IMC event.

At LGA, GDPs are implemented nearly as often as EWR due to restrictive runway configurations. Low
ceilings and/or winds often force them into single runway operations. If we apply the result at EWR to
LGA, a savings of $480,000 could be redlized at the two airports by properly timing the GDPs to match
low C&V conditions. This is not an unreasonable assumption, since LGA daily traffic counts are only
slightly lower than EWR. These estimates do not consider JFK, which occasionally has GDPs, though not
as often due to much higher capacitiesin IMC.

It should also be noted that while we have referenced both ITWS and TCWF at several points within this
report, only ITWS was available to users during most of the analysis time considered in Sections 5 and 6
(as TCWF became operationa only during the last month of this study).
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7. CONCLUSIONS

This sudy examined delays at New Y ork from September 1998 through August 2000 to determine:
» Benefitsredized through the use of ITWS/TCWF at New Y ork
* Mgagor causes of the delay which occurred during the first year of ITWS use

» Delays that occurred with ITWS in operation that were “avoidable” if enhanced weather detection
and prediction capabilities were added to the NY ITWS/TCWF system

All of these major objectives were achieved in the study.

The methodology used in the study has considered major causes of delays (convective weather inside and
well outside the terminal area, and high winds) that have generally been ignored in previous studies of
capacity constrained airports such as EWR. We have found that the usual paradigm of assessing delays
only in terms of IMC v. VMC conditions and the associated airport capacities is far too simplistic as a
tool for determining which air traffic management investments will best reduce the “avoidable” delays.

Additionally, we have identified some major new benefit categories (especially, enhanced arrival and
departure rates during convective weather and, high surface winds) that need to be considered in future
studies of terminal weather information systems such as ITWS/TCWF.

The three principal results of our study are as follows:

1. The FAA user interview/delay modeling analysis showed that improved decision making by
the FAA air traffic personnel at the NY TRACON and towers using ITWS/TCWF is
providing primary delay reductions of over 27,000 hours, with downstream passenger savings
of an additional 22,000 hours, resulting in a total monetary savings (using standard FAA
values for airline direct operating costs and passenger time costs) of over $150,000,000 per
year.

2. Analysis of two cases revealed that during one convective event at EWR, over $2,000,000 in
delay could have been avoided, and that during a typical C&V event, proper timing of
termination of the GDP could result in a saving of $240,000 at EWR. Applying the same
result to LGA suggests that savings of approximatey $480,000 per event could be realized
through proper timing of termination of GDPs at NY C airports.

3. Convective weather was related to the largest percentage of arrival delay at EWR, while low
C&V accounted for 27% of arrival delay annually. It was also found that strong surface
winds are a mgjor cause of delays at Newark that have generally been ignored in all of the
New York airport delay studies. In addition, weather esewhere in the nation was found to
contributeto at least 14% of all EWR arrival delay.

These results suggest important areas for future research. Given the magnitude of avoidable delay found
in our case study, future in-depth analyses of such events should be conducted to understand why benefits
are not realized, and to determine what is needed to help traffic managers reduce delay that is avoidable.
Such a study would need to involve detailed examination of traffic flows and weather conditions using
movie loops, and interviews with traffic managers to understand decisions at all involved facilities.

We also recommend en route weather decision support initiatives that would help reduce delay at New
York airports resulting from weather outside of New York @cgp We plan in the near term to extend
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the NY ITWS coverage out to Western Pennsylvaniaby creating a three radar NEXRAD mosaic that uses
the State College, PA NEXRAD.

Our findings on the magnitude of delay at EWR resulting from low ceiling/visibility and high winds aso
suggest that future research at New Y ork should include the development of ceiling/visibility and surface
wind prediction products that would aid in properly timing GDP programs and setting their AAR rates.
The TCWF appears to have some skill in predicting the onset of low ceilings and visibility from winter
precipitation and may be an appropriate candidate for a near term operational demonstration.

We would also note that the results of this study are very important for studies of the effectiveness of
changes made to the U.S. aviation system (e.g., procedures changes, new controller displays, traffic
automation software, traffic flow management systems, etc) to reduce delays at airports such as Newark.
In these studies, one must normalize for the differences between the weather prior to the change under
study, and the weather after the change was made. To accomplish this normalization, one must have a
very good understanding of the principal causes of delay and appropriate models for computing the delay
due to weather of various types.

The results in this report have shown that there are very important wesather phenomena (especialy,
thunderstorms at distances greater than 100 nmi from the terminal area, high surface winds, and sheared
winds d oft) that can be significant causes of delay that are not captured in the usual data bases (including
CODAS) which focus only on ceiling, visbility and thunderstorm observations at the airports.
Additionally, many previous studies have not properly accounted for differences in traffic mix between
the periods under study as well as the times during which adverse weather occurs. This is particularly
important where there are queuing delays such as account for the bulk of the delays at Newark.
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PENDIX A

DELAY DAYSAT NEWARK INTERNATIONAL AIRPORT
(SEPT 1998-AUG 1999)

Table A-1
Thunderstorm
DATE TOTAL DELAY | CANCELLED | DIVERTED | HOURS OF IMC | HOURS OF VMC
(min) ARRIVALS ARRIVALS | DURING DELAY | DURING DELAY
PERIOD PERIOD

1999-05-24 31633 81 22 9.0 6.0
1999-08-26 31219 65 18 11.0 5.0
1999-07-22 25761 38 0 11.0 5.0
1999-04-09 25450 32 3 6.6 5.5
1999-01-18 24103 59 32 8.0 1.0
1999-04-16 22492 17 0 4.0 6.0
1999-06-29 21510 46 5 0.0 13.0
1999-06-28 21409 43 0 0.0 11.0
1999-07-30 20553 37 10 0.0 12.0
1999-08-20 20421 21 0 3.0 8.0
1999-08-14 20396 34 7 6.5 4.5
1999-07-28 20199 21 14 0.0 14.0
1999-08-13 20024 55 7 6.0 6.0
1999-06-13 19238 15 0 9.0 3.0
1999-07-19 18612 35 16 15 9.5
1998-09-07 17872 30 2 3.5 7.5
1999-07-06 17159 35 2 0.0 12.0
1999-03-03 17146 40 20 9.0 2.0
1999-05-08 16109 21 3 12.0 0.0
1999-07-02 15626 25 1 0.0 11.0
1999-06-07 15596 34 2 0.0 10.0
1999-04-11 15376 4 2 8.5 0.5
1999-07-24 14595 29 1 0.0 11.0
1999-07-18 14080 12 0 0.0 10.0
1999-06-14 13682 24 7 0.0 8.0
1999-08-05 12936 12 4 0.5 13.5
1999-07-25 12563 18 0 0.0 7.0
1999-07-29 12189 37 0 0.0 7.0
1999-07-17 11636 12 7 0.0 13.0
1999-08-08 11499 7 0 0.0 5.0
1999-08-11 11481 5 13 0.0 6.0
1998-09-02 10966 26 15 0.3 4.7
1998-09-27 8150 12 2 0.0 7.0
1998-09-22 6268 14 2 1.0 2.0
1999-04-06 5668 11 0 0.0 4.0
1998-09-21 4405 17 1 1.5 0.5
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Table A-2
Ceiling/Visibility

DATE TOTAL DELAY CANCELLED DIVERTED
(min) ARRIVALS ARRIVALS

1999-07-01 32273 43 5
1999-05-07 28732 22 1
1999-01-08 28375 106 4
1999-04-23 27007 44 7
*¥1999-02-12 26763 39 6
1999-02-02 25927 50 3
1999-05-19 23571 48 1
*¥1999-01-03 20341 37 2
*¥1999-01-14 20055 136 10
*¥1999-01-15 19326 85 2
1998-10-09 19153 9 1
1999-01-22 18531 41 1
*¥1999-01-28 17772 27 0
1998-12-21 17728 22 2
1998-12-29 17593 14 0
1999-01-09 17380 18 9
1999-05-18 16626 27 0
*1998-12-08 16334 26 0
*1999-03-14 15954 33 11
1999-05-03 15913 9 1
1998-10-08 15867 10 2
1999-05-23 15438 6 2
1999-05-04 14041 25 0
1998-11-20 13979 8 0
1999-01-23 13858 69 39
1999-02-28 13645 23 2
1999-04-01 13613 6 0
1999-08-21 13212 12 7
1999-05-06 13129 20 0
1999-06-17 13095 14 0
1999-02-18 12735 26 0
1999-02-17 11785 32 0
1999-01-13 11404 43 6
1999-04-20 11402 13 0
1999-01-21 11306 25 1
1999-02-04 11234 13 1
1998-12-23 11010 16 1
1998-11-17 10921 20 0
1999-04-22 10705 23 0
1999-06-21 10080 8 0
1999-01-25 9801 24 2
*1998-11-10 9689 18 0
*1999-03-06 9463 27 2
*¥1999-03-21 9442 4 4
1999-06-09 9141 13 1
1999-08-15 8868 13 0
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Table A-2 (Continued)
Ceiling/Visibility

DATE TOTAL DELAY CANCELLED DIVERTED
(min) ARRIVALS ARRIVALS

1999-06-12 8165 13 0
1999-01-24 7978 18 0
1999-02-25 7345 18 0
1998-09-30 6839 6 2
1999-03-28 6127 2 1
1998-10-10 5853 3 1
1999-02-07 4005 21 1

* Days that also featured strong vertical wind shear

Table A-3

High Wind
DATE TOTAL DELAY | CANCELLED | DIVERTED
(min) ARRIVALS ARRIVALS
1998-12-22 26864 10 0
1999-03-18 26287 29 6
1998-12-30 24623 21 4
*1999-03-15 16679 64 0
1999-04-14 15694 16 6
1999-01-04 15400 20 0
*1998-11-11 14090 14 0
1999-03-04 12670 42 1
1999-03-12 12483 9 0
1999-03-07 12370 15 0
1999-04-08 12146 9 5
1999-08-30 11275 7 2
1999-05-20 10889 7 0
1999-04-13 9995 9 4
1999-03-22 9822 18 2
1999-03-11 9765 9 1
1998-12-01 9456 6 0
1999-02-26 9253 10 0
1999-04-29 9024 5 0
1999-04-26 8195 14 1
1999-02-13 7984 17 1
1999-03-08 7519 26 1
1998-10-01 7357 6 0
1999-03-19 6643 3 0
1999-01-01 6302 7 0

* Days that also featured strong vertical wind shear
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Table A-4
Weather Elsewhere

DATE TOTAL DELAY | CANCELLED | DIVERTED
(min) ARRIVALS | ARRIVALS

1999-08-27 17586 34 3
1998-12-24 17079 19 0
1999-07-21 15861 17 1
1999-06-10 15051 21 0
1999-07-23 14718 36 1
1999-06-11 14715 23 0
1999-06-27 14414 7 1
1999-06-25 12643 12 0
1999-06-02 11600 20 0
1999-08-12 11246 10 1
1999-06-24 10746 12 0
1999-07-07 10431 18 0
1999-06-04 10092 13 1
1999-07-09 9990 17 1
1999-04-15 9814 8 1
1999-08-01 9582 6 0
1999-06-08 9456 18 0
1999-06-23 9281 18 0
1999-06-22 9210 14 0
1999-01-02 9034 49 0
1999-01-11 9029 35 0
1999-07-31 8869 20 1
1998-12-17 8811 5 1
1999-08-24 8752 13 0
1999-08-25 8594 15 0
1999-06-16 8372 12 1
1999-02-11 8343 32 1
1999-03-09 8227 33 0
1999-05-12 8066 21 0
1999-05-17 7805 22 0
1999-08-23 6919 6 0
1999-03-05 6403 20 0
1998-11-30 6014 4 0
1998-10-02 5722 7 0
1998-12-06 5632 5 0
1999-07-10 5576 7 1
1999-06-26 5422 5 1
1999-05-31 5005 1 0
1999-07-11 4922 1 0
1998-09-20 4827 11 0
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Table A-5

No Weather

DATE TOTAL DELAY | CANCELLED | DIVERTED
(min) ARRIVALS ARRIVALS

1999-01-05 11840 17 2
1999-01-06 10623 19 0
1999-08-17 10561 4 1
1999-05-10 10295 20 0
1999-05-26 8640 11 0
1999-04-30 8356 7 1
1999-04-28 8296 5 0
1999-07-08 8235 9 0
1998-10-29 7159 10 0
1998-12-18 7101 3 0
1998-11-05 7064 8 0
1999-06-03 7019 11 0
1998-09-04 6712 23 1
1999-05-28 6711 2 1
1999-07-15 6576 9 1
1998-09-25 6463 29 1
1999-01-10 6375 8 0
1998-10-19 6304 6 1
1998-10-28 6287 3 0
1999-05-02 6280 3 0
1998-10-22 6131 6 0
1998-11-24 6110 3 0
1998-11-12 6064 8 1
1999-08-29 5816 3 1
1998-11-06 5780 9 6
1999-05-16 5555 2 0
1999-04-21 5548 7 0
1999-06-20 5149 9 1
1998-10-21 5055 3 5
1999-08-28 5039 2 1
1998-12-07 5029 8 2
1999-03-27 4422 3 1
1998-10-25 4420 3 0
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Table A-6
Unknown Cause

DATE TOTAL DELAY | CANCELLED | DIVERTED
(min) ARRIVALS | ARRIVALS

1999-05-25 9064 21 1
1999-05-05 8478 17 0
1999-06-30 8324 14 1
1999-07-20 8012 22 0
1999-06-01 1477 9 1
1999-08-19 7431 9 1
1998-12-28 7384 10 0
1999-07-26 7348 15 0
1999-06-15 7251 21 0
1999-07-27 6990 7 1
1999-06-06 6989 7 0
1998-10-05 6787 20 0
1998-10-18 6647 5 0
1999-05-13 6573 12 0
1999-07-05 6299 8 0
1998-10-23 6243 6 1
1999-08-22 6144 3 0
1999-08-04 6079 16 1
1999-03-25 5797 8 0
1999-02-01 5551 18 1
1998-09-11 5398 20 0
1998-10-04 5088 5 0
1999-05-09 4540 4 0
1999-03-13 4047 5 0




APPENDIX B
PREVIOUSANALYSESOF ITWSOPERATIONAL BENEFITS

The approach used to assess the ITWS/TCWF benefits at New Y ork that is described in the main body of
the report was derived from an earlier study of ITWS benefits a Orlando, FL and Memphis, TN
conducted in 1994-95 by a team from the Vol pe Transportation Center and MIT Lincoln Laboratory. The
basic approach was essentialy identical to the approach used here:

* Interviews were conducted with operational users of the products to determine the operational
decisions that had been improved by use of the ITWS products,

* Reaults of the interviews were then utilized in the benefits models described in Chapter 2 to
determine quantitative benefits

However, anumber of the beneficial operational decisions that were described by the FAA ITWS users a
Memphis and Orlando are rather different from the beneficial decisions discussed in Chapter 4. Since the
Memphis/Orlando operational decisions have been the principal basis for estimating ITWS operationa
benefits for the national deployment of ITWS, it is useful to discuss the differences between the findings
of the two studies.

Table B-1 shows the benefits assessment for Orlando that would correspond to the benefits discussed in
Chapter 4. We see that there are differences in both high benefits decisions and the magnitude of the
benefits associated with some common decisions. For example, anticipating westher impacts on the
arrival gates into the terminal area is the single highest benefit decision identified in the Orlando usage
whereas the New York highest benefits are associated with departure rates and the use of the terminal
winds; neither of which were significant benefits factors for Orlando (termina winds was not tested in
Orlando due to the excess runway capacity at the airport and generally benign winds a oft).

These data reflect the mgjor differences in airspace available and runway usage at Memphis and Orlando
versus New York. Itisvery difficult to reroute aircraft at New York from one arrival fix to another when
afix is blocked, and the New York airports typically have demands exceeding the runway IFR capacity
whereas both Memphis and Orlando typicaly have excess IFR runway capacity and, considerable
freedom to re-route aircraft in the transitional en route airspace.

In 1995, the expected benefits for the New York airports were estimated on the basis of eétrapol aion
from the Memphis and Orlando experience to be on the order of $30,000,000 per year” for delay
reduction during thunderstorms. This estimate is much lower than the $100,000,000 for thunderstorm
delay reduction shown in Chapter 4, and illustrates the problems of extrapolating the results from airports
and airspace which are not highly congested to highly congested airport complexes such as New Y ork.

The good news is that airport complexes such as New York which appear to have intractable delay
problems due to the congestion and complexity of the terminal area can in fact achieve very significant
delay reductions when provided with appropriate decision support tools such as ITWS/ TCWF.

One of the interesting issues to be resolved in the next few years will be the extent to which other major
terminal complexes such as Chicago and Washington DC are like New York or, whether they are more
like Memphis and Orlando. It should be noted that Dallas appears to be smilar to Memphis and Orlando
in terms of the operational decisionsthat are most significantly enhanced by the ITWS/TCWF products.

° This delay estimate includes a correction for the frequency of thunderstorm impacts that was devel oped in 1998.
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Table B-1

Orlando ITWS Delay Reduction Benefits Estimates
(1994 KDP-3 numbers with 1998 climatology corrections)

fous opering  Disserger o Doy
DTA Closure Anticipation 152 $68,399 $311,596 $379,995
DTA Traffic Balance 84 $38,000 $173,109 $211,108
Runway Shift Anticipation (TSTM) 32 $22,166 $64,916 $87,082
Shorter Terminal Flying Distances for Departures 12 $11,856 $25,584 $37,440
Runway Shift Anticipation (GF-MIGFA) 0 $0 $0 $0
Recognize that one runway will remain open 1056  $1,002,760  $2,163,850  $3,166,610
ATA Reopen Anticipation 477 $453,517 $978,642  $1,432,159
Recognize that ATA will remain clear 469 $445,673 $961,716  $1,407,389
ATA Closure Anticipation 398 $377,931 $815,535  $1,193,466
Land planes before event rather than hold them 370 $351,969 $759,511  $1,111,480
Airport reopening anticipation 127 $120,331 $259,662 $379,993
Position holding aircraft for quicker landings 79 $75,207 $162,290 $237,497
More arrivals before AAR reductions 23 $21,375 $46,125 $67,500
Hold Jets Higher 0 $5,675 $0 $5,675
Better Recognition of Advantageous Ground Stops 0 $25,333 $0 $25,333
Fewer Diversions before airport shutdown 0 $1,646,637 $0  $1,646,637
Fewer Diversions near airport reopening 0 $633,322 $0 $633,322
Call Necessary Diversions Sooner 0 $1,583 $0 $1,583
Fewer first tier ground stops 95 $42,749 $194,747 $237,496
Shorter ground stops 222 $99,748 $454,409 $554,157
Airline Dispatch avoids specifying alternate airport 0 $75 $0 $75
Improved Fueling estimates in marginal wx 0 $281 $0 $281
Improved handling of priority connecting flights 0 $31,666 $0 $31,666
Fewer missed connections at hubs 0 $346,930 $0 $346,930
Fewer occasions of ramp gridlock 52 $23,418 $106,681 $130,099
Total Primary Delay 3,648  $5,846,602 $7,478,373 $13,324,975
Downstream Passenger Delay 2,918 $0  $5,982,698  $5,982,698
Total Benefit 6,566  $5,846,602 $13,461,071 $19,307,673
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