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ABSTRACT

The Air Traffic Control (ATC) productivity benefits attributed to the Corridor Integrated Weather System
(CIWS) were assessed using real-time observations of CIWS product usage during three multi-day
thunderstorm events in 2005 at eight U.S. Air Route Traffic Control Centers (ARTCCs). CIWS improved
ATC productivity by:

e Reducing the time required to develop, coordinate, and implement weather impact mitigation
plans

e Increasing the number of safety and capacity-enhancing plans that were executed (e.g., more
efficient, proactive rerouting and greater ability to keep routes open)

e Assisting with FAA staffing decisions

Time savings per convective weather day for Traffic Management Coordinators (TMCs) in an ARTCC
typically were 20-95 minutes.

The overall frequency of capacity-enhancing decisions increased by 177% relative to the CIWS benefits
study conducted in 2003. The annual CIWS delay savings are in excess of 92,000 hours. Corresponding
airline direct operations cost (DOC) savings exceed $94 M and passenger value of time (PVT) savings
exceed $201 M. Annual jet fuel savings exceed 11 M gallons.

The ability of the Cleveland ARTCC to develop and execute weather impact mitigation plans improved
significantly (e.g., by 50-80%) when CIWS products were available to Area Supervisors as well as to the
TMCs.






EXECUTIVE SUMMARY

In an era of significant federal government budget austerity for civil aviation operations, it has become
essential to improve Air Traffic Control (ATC) productivity. This report summarizes the results of an
exploratory field measurement program conducted during summer 2005 to assess ATC productivity
benefits of the Corridor Integrated Weather System (CIWS). Real-time observations of CIWS product
usage during multi-day thunderstorm events were carried out at eight U.S. Air Route Traffic Control
Centers (ARTCC). The real time observations data were used in conjunction with specific in-depth case
study analyses to assess the CIWS productivity enhancements associated with convective weather impact
mitigation plan development and implementation. Comparisons of ARTCC operations between facilities
with and without access to CIWS were also made to further identify CIWS contributions to improved
ATC productivity.

The results of this study show that productivity was enhanced in two ways: (1) less time to develop and
implement operationally effective plans and (2) significant increases in the number of such plans
implemented per convective weather day. This CIWS-derived increase in FAA operational efficiency
resulted in significant delay and cost savings benefits to the National Airspace System (NAS) customers
(e.g., airlines and passengers) [over 92,000 hours of delay saved per year with a monetary value of $90 M
per year in airline direct operating cost (DOC) savings and $200 M per year in passenger value of time
(PVT) savings].

Motivation for this Study

Improvements in ATC productivity are essential given the projected increases in air traffic anticipated in
the next 10 years, coupled with an austere funding for NAS operations. The latest FAA aerospace growth
forecast projects a 30% increase in ARTCC air carrier operations between 2004 and 2015 (FAA, 2005).
An important component of this traffic growth that is not captured in the overall statistics is the growth in
high altitude en route traffic due to the air carrier transition from turbo props to regional jets and the
increased business aircraft use of jets.

Improved productivity in air traffic management during convective weather events is particularly
important due to:

1. The current difficulties in managing convective weather impacts in highly congested airspace, as
exemplified by the Great Lakes and Northeast NAS corridors and

2. Projections by the FAA that by 2014, with projected traffic growth of 27%, there could be 29
days of delays that exceed the worst single day of delay in 2004 (Hughes, 2006).

CIWS and other weather and traffic flow decision support tools aid in executing the operational weather

impact mitigation decision loop shown in Figure ES-1. The challenge is that the process of determining
ATC impacts, developing appropriate mitigation plans, and selecting from among them must be
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accomplished in a time period commensurate with the time variations in capacity impacts of convective
weather.

This is particularly difficult to do in the congested Great Lakes and Northeast corridor airspace in which
CIWS is deployed. Both within an ATC facility and between separate facilities, traffic management
interactions associated with convective weather impacts in this region of the NAS need to be very
extensive since actions taken within one facility can easily impact many other facilities (Figure ES-2).
Hence, improving coordination through common situational awareness of the convective weather impacts
among all affected users is very important in developing a robust traffic management plan.

Current Operational Decision Loop
Weather R ) )
> *1 Determine weather impact
Weather
Measurement . :
Systems —pf Determine ATC impact -
User
Displays . Traffic Flow
. \éVetahhter Radar play Develop mitigation plans < Decision Support
* Satellite
* Observations Forecast e | Tools
Products Decide on mitigation plan <
—
==t Execute mitigation plan =

Figure ES-1. Overall convective weather impact mitigation process. The ATC (and airline) workload associated
with convective weather management includes all 5 elements shown in the “operational decision loop.”
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Figure ES-2. Complexity of NAS system coordination process associated with solving traffic flow management
problems at just two facilities within the CIWS domain (ZNY and ZBW). Complexity grows significantly with each
additional facility required for traffic management coordination [from Davison and Hansman, (2001)].

During convective weather impact events, MIT Lincoln Laboratory and FAA observers at select ARTCCs
obtained feedback from traffic managers (and Area Supervisors) on:

1. Convective weather impact mitigation decisions made using CIWS products
2. The time to monitor existing convective weather impact mitigation initiatives

3. The time associated with the mitigation plan development and execution process in relation to
expected workload for similar convective events prior to CIWS.

Additionally, observers sought to determine whether there were substantive differences in the frequency
and operational effectiveness of convective weather impact mitigation plans developed with and without
CIWS.
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The FAA facility participants for the 2005 CIWS field-use assessment included the Boston (ZBW),
Chicago (ZAU), Cleveland (ZOB), Minneapolis (ZMP), New York (ZNY), and Washington, D.C. (ZDC)
ARTCCs. These facilities were selected because they all must make highly complex traffic management
decisions, particularly during adverse weather. ZMP was a relatively new user of CIWS, whereas the
other five ARTCCs had been CIWS users since 2001.

Observations were also conducted at two non-CIWS facilities [the Atlanta (ZTL) and Jacksonville (ZJX)
ARTCC:s] to obtain supplementary data. These data were used to confirm current CIWS users’ estimate
of the workload associated with weather impact mitigation planning had they not had access to CIWS.

Finally, observations were taken at ARTCCs both with and without CIWS displays at Area Supervisor
positions. During the 2003 CIWS benefits study, it was found that ZDC made capacity enhancing
decisions 50-100% more frequently per convective weather day than any of the other ARTCCs. A key
difference between ZDC and the other ARTCCs in 2003 was that only ZDC had CIWS displays at Area
Supervisor positions in addition to the Traffic Management Unit (TMU). It was hypothesized that greater
effectiveness at ZDC in achieving delay reduction benefits may have arisen in part from more efficient
ATC decision support capabilities, due to enhanced, common situational awareness between the TMU
and Area Supervisors. This hypothesis was confirmed experimentally in this study.

Results of the Study

Real time observations of ATC decision making at ARTCCs with varying levels of access to CIWS (i.e.,
no CIWS, CIWS in TMU only, CIWS in TMU and some Areas, CIWS in TMU and all Areas) were
conducted on 14 convective weather impact days in 2005. The principal results are as follows:

CIWS reduced the time required by the TMU to develop, coordinate, and implement weather
impact mitigation plans by 20-95 minutes per thunderstorm day per ARTCC

Total TMU time savings attributed to CIWS per convective weather day, demonstrating productivity
enhancements for individual elements of the operational impact mitigation planning loop (see Figure
ES-1), are shown in Figure ES-3. CIWS proved most beneficial to traffic managers when identifying and
prioritizing thunderstorm impact concerns and developing high-quality impact mitigation plans. On
average, for all ARTCCs studied, 70% of total time savings in the TMU attributed to CIWS was in the
plan development stage of the operational weather impact decision loop.
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Figure ES-3. TMU time-savings attributed to CIWS at each ARTCC investigated in 2005. Productivity
enhancements per convective weather day are segmented to demonstrate CIWS contributions to the specific legs of
the operation decision loop for weather impact mitigation. ARTCCs with and without access to CIWS displays in
the Areas are noted.

Availability of CIWS in ARTCC TMUs and sector Areas significantly increased ATC productivity
and the frequency of realized operational effectiveness benefits

Time-saving results for TMU weather impact mitigation in Figure ES-3 demonstrate a significant
relationship between enhanced TMU productivity and availability of CIWS displays in ARTCC Areas.
Total time-savings by TMU traffic management coordinators (TMC) from the 3 ARTCCs with CIWS in
both the TMU and the Areas was 164% greater than TMC time-savings from 3 ARTCCs with CIWS only
in the TMU. ATC observations during weather impact events revealed that collaborative efforts between
an ARTCC TMU and an Area involving traffic plan development, coordination, and monitoring required
less time and effort when both parties had direct access to CIWS displays.

Analysis of specific weather impact events suggests that significant reductions in TMU workload at ZOB,
ZDC, and ZMP (ARTCCs with CIWS in TMU and Areas) were achieved when Area Supervisors used
CIWS to avoid the use of traffic management initiatives. These workload reductions derived from Area
use of CIWS often extended to other ATC facilities.

The frequency of implemented en route capacity-enhancing decisions, another measure of ATC
productivity, was also substantially higher at ARTCCs with CIWS displays in both the TMU and Areas.
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Figure ES-4 shows that for the five most common CIWS en route capacity enhancement benefits, the
frequency of these improved decisions at ARTCC with access to CIWS in both the TMU and the Areas
was 140% greater than ARTCCs with CIWS only in the TMU.
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Figure ES-4. CIWS benefits per convective weather day at each ARTCC included in the 2005 CIWS field use
assessment. Benefit categories shown here are typically considered key en route delay reduction benefits attributed
to CIWS at ARTCCs. The benefit category, “FAA staffing assistance,” is also included. ARTCC results are
separated into two groups: those facilities with access to CIWS at Areas Supervisor positions and those without.
ZMP was a new CIWS user in 2005, while ZBW had several very intensive users in the TMU.

Improvements in ARTCC-TRACON transition airspace management in ZOB demonstrates the
importance of common situational awareness of high-quality tactical weather information provided
by CIWS

The frequency of CIWS benefits occurrence (see Figure ES-4) show that the rate at which improved
arrival/departure ARTCC-TRACON transition airspace (ATA/DTA) management decisions are made at
ZOB was 180-1300% greater than any other ARTCC under study in 2005. A principal reason for this
significant difference is that ZOB plan development, coordination, and execution decisions for improved
ARTCC/TRACON transition airspace management were facilitated by providing access to CIWS at all of
the primary FAA inter/intra-facility coordination points (Table ES-1). In particular, our observations of
Z0OB operations during weather impact events found that direct access to CIWS by the TRACON facility
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significantly improved ZOB productivity when managing traffic flows to/from TRACONs within the
parent-ARTCC (e.g., Detroit TRACON within ZOB) while these flows are disrupted by thunderstorms.

TABLE ES-1
CIWS Availability Comparisons
CIWS available at: ZOB | ZDC | ZMP | ZNY | ZAU | ZBW
ARTCC TMU YES | YES | YES | YES | YES | YES
All TMU spacing positions YES | No No No No No
ARTCC Areas YES | YES | YES | No No No

Large TRACONSs within
parent-ARTCC

All neighboring ARTCCs YES | No No | YES | YES | YES

YES | No No | YES | YES No

Use of CIWS helped address FAA staffing issues during convective weather impact events

Field-use observations in 2005 identified a number of uses of CIWS weather products to assist in FAA
staffing decisions, including:

o Justifying controller/TMC overtime based upon weather impacts forecasted by CIWS

e Adding “D-side” controllers to reduce radar controller workload based upon current or pending
weather impacts as depicted by CIWS

e Optimizing Area controller break schedules based upon CIWS weather information

e Managing ATC staffing in super-high sectors based upon CIWS Echo Tops and Echo Tops
Forecast products

e Determining Area/TMC staffing levels needed for diversion recovery programs

e Avoiding controller/TMU overtime (staffing levels acceptable, despite convective weather
impacts, based upon CIWS weather depictions and forecasts).

Staffing decisions made by Area Supervisors using CIWS to add or extend overtime for controllers at first
glance appears counter to FAA goals to reduce operating costs. However, from an air traffic management
perspective, these staffing decisions, which decrease individual controller workload and thus maintain or
increase sector capacity, allow ARTCCs to proactively address convective weather impact concerns. The
potential end result of this proactive staffing approach in the Areas, based upon CIWS, was often reduced
air traffic delays and reduced duration of late evening impacts, when controller staffing is extremely
limited and costs for off-peak ATC overtime (needed to handle ongoing peak traffic demand) would be
significantly greater.
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The estimated frequency of annual CIWS operational effectiveness benefits increased significantly
when based on the 2005 field-use observations

The frequency of higher-quality ATC decisions derived from CIWS, resulting in greater airspace capacity
and more efficient routing strategies during convective weather, increased 177% from 2003 to 2005. A
comparison of the estimated annual frequency of beneficial CIWS decisions is shown in Figure ES-5.
These estimates are based on observations in 2003 and 2005 at ARTCCs with access to CIWS in both
years and the 20+ year thunderstorm climatology for the various ARTCCs. Annual occurrences of the two
primary CIWS en route capacity enhancement benefit categories, “More Proactive Reroutes” and
“Keeping Routes Open Longer,” to which substantial delay/cost savings were attributed in the 2003-2004
CIWS field-use study, increased 142% from 2003 to 2005. The increased frequency in all operational
effectiveness benefits is likely due to a combination of (a) CIWS product enhancements such as the
introduction of the 0—2 hour Echo Tops, (b) increased confidence by ATC users in the CIWS products,
and (c) increased availability of CIWS displays at ARTCC Area Supervisor positions. With continuing
increases in air traffic demand, particularly in high altitude en route airspace, it is encouraging that the
number of times CIWS is used per thunderstorm to make capacity enhancing decisions has also increased.

6000
5000
Totals for 5 common ARTCCs
Included in 2003 and 2005
4000 CIWS Benefits Assessment
Campaigns:
ZAU
Z0B
3000 ZDC

ZNY
ZBW

2000

1000

Estimate of Annual Benefit Occurrences

Figure ES-5. Estimate of annual occurrences of CIWS benefits realized at 5 ARTCCs in 2003 vs. 2005. Two
specific en route benefit categories, “Proactive Reroutes” and ‘“Keeping Established Routes Open
Longer/Reopening Closed Routes Earlier,” are highlighted to indicate the increased user frequency for realizing
these significant delay and workload saving applications.
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Estimated annual CIWS delay reduction benefits increased substantially from 2003 to 2005

The results in Figure ES-5 were converted to estimates of the annual CIWS delay reduction in hours and
airline cost savings by using the 2003 case benefits analyses together with the 2005 fuel costs and
ARTCC thunderstorm climatology records. The annual hours of delay saved and total cost savings in
2005 attributed to CIWS usage in “keeping jet routes open longer” and “proactively and more efficiently
rerouting traffic” exceeded 92,000 hours and $295 M; increases of 121% (hours saved) and 126% (costs
saved) compared to the estimates based on 2003 benefits frequency data. Since the same methodology
was used for converting annual CIWS benefits frequencies to delay/cost savings as in the 2003 CIWS
study, the significant increase in CIWS delay reduction benefits in 2005 are attributed solely to the
combination of increased benefits frequencies per ARTCC (see Figure ES-5) and increased fuel costs.
The annual CIWS delay savings results based on the 2005 benefits frequency data are considered
conservative for several reasons, including the fact that the annual ZMP benefits (21% of the total
beneficial decisions observed in the six ARTCCs with access to CIWS visited in 2005) and the ZKC
benefits were not considered in the annual delay reduction benefits calculations.

The projected annual CIWS delay reduction benefits are greatest at ZOB, where benefits increased 250%
from 2003 (Figure ES-6). This increase is not surprising given that, of the five ARTCCs under study in
2003 and 2005, ZOB is the only facility where access to CIWS at Area Supervisor positions was added
after 2003.

Annual jet fuel cost and consumption savings for commercial airlines attributed to CIWS usage at six
ARTCCs in 2005 exceeded $18.6 M and 11.4 M gallons. The 2005 jet fuel consumption savings
increased 136% since 2003, an increase directly related to improved ATC proficiency in implementing
higher-quality, capacity-enhancing convective weather impact mitigation plans. The 2005 jet fuel cost
savings attributed to CIWS increased 355% since 2003, due to a combination of the increased rate of
achieved capacity-enhancement benefits by ATC and the 94% increase in jet fuel cost from 2003 to 2005.
Given forecasts for fuel prices to remain high through at least 2007, these jet fuel savings derived from
CIWS are a significant benefit to airlines and passengers, and also support national efforts to reduce oil
consumption.

Field observations at ARTCCs without access to CIWS suggest access to this tool would improve
the quality of some weather impact mitigation plans

Traffic management decisions at the Atlanta ARTCC (ZTL), made using convective weather decision
support tools other than CIWS, often occurred just as quickly as the CIWS-based decisions made in an
adjacent CIWS facility (ZDC) and the weather impact mitigation plans generally yielded good results.
However, post-analysis identification of opportunities to utilize available capacity and/or decrease
airspace complexity (and thus ATC workload) that were missed suggests that CIWS could have improved
the quality of weather planning decisions at ZTL.
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Figure ES-6. Total annual CIWS delay reduction benefits by ARTCC, in terms of operating and passenger cost
savings (bars) and hours of delay saved (lines), from (A) keeping routes open longer (ROL) and (B) more proactive,
efficient reroutes (PRR).
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Based on the 2005 ZTL observations, we projected that the primary benefits of CIWS in ZTL would be:

1.

2.

3.

4.

Improved operational efficiency of ARTCC-TRACON transition airspace management, including
improved tactical reroute efficiency

Improved use of departure restrictions
Improved efficiency in managing holding stacks

Improved Ground Stop and Ground Delay Program efficiency.

Next Steps for CIWS Productivity Enhancement and Delay Reduction Benefits Studies

Several analysis tasks are planned to extend the 2005 CIWS benefits results presented in this report,
including:

Use of sector/route capacity assessment models to quantify improvements in effective sector
capacity attributed to CIWS-derived convective weather impact mitigation plan enhancements

Detailed analyses of weather and aircraft flight track data in ARTCCs with and without access to
CIWS in order to independently confirm that the use of CIWS results in fewer missed
opportunities for mitigating the adverse impacts of convective weather.

More work is also required to reduce the uncertainty associated with overall CIWS delay reduction
benefits. The limited sample size for quantifying CIWS delay savings, upon which projected annual
delay/cost savings are based, is recognized by the authors as a significant caveat to CIWS benefits results

to date.

The effects of the limited sample size are as follows: The CIWS delay reduction benefits

associated with a given decision are modeled as random variables drawn from a statistical ensemble
whose probability distribution has slowly decreasing tails. Since there were typically two or three events
analyzed per ARTCC, the statistical variance associated with the mean or median benefits is undoubtedly
high and has not been quantified. A two-phase approach is recommended to address this CIWS delay
reduction statistical uncertainty issue:

1.

Analyze additional (e.g., 3-5) cases for quantified beneficial decisions in both ZDC and ZOB,
since those two ARTCCs account for the bulk of the overall CIWS delay reduction benefits.
These cases should be drawn from the 2005 observed events (especially for ZOB) to see if there
is any substantive difference between the TMU-only beneficial decisions versus TMU-Area
Supervisor collaborative beneficial decisions.

Develop automated tools that could reduce the time to carry out individual case analyses.
These tools should include the use of algorithms to accomplish near optimal traffic flow
management with time varying en route and terminal capacities. The development and validation
of such tools is a non trivial, but important, undertaking.
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1. INTRODUCTION

In the era of significant federal government budget austerity for civil aviation operations, the Federal
Aviation Administration (FAA) has established improving Air Traffic Control (ATC) productivity as one
of its principal goals. Both the FAA Flight Plan 2005-2008 (FAA, 2004) and the FAA Air Traffic
Organization Fiscal Year 2005 Business Plan (FAA, 2005) discuss the need to provide FAA services
more efficiently, such that operations costs can be reduced while improving safety and capacity.

Previous benefits assessments of the Corridor Integrated Weather System (CIWS) have focused on
quantifying operational benefits to the FAA’s “customers” (the airlines) and the “owners” (e.g.,
passengers) in terms of aviation delay reduction (Robinson et al. 2004). Figure 1-1 shows the results of
the 2003 CIWS delay reduction studies (Robinson et al. 2004). Note that three of the five most frequently
observed benefits (improved situational awareness, interfacility coordination, and reduced user workload)
are related to increased ATC operational productivity. However, CIWS ATC productivity benefits were
not quantitatively assessed in the 2003 benefits assessment campaign.

A quantitative study of the CIWS contributions to ATC productivity enhancements was conducted in
2005. As part of this effort, real-time observations of CIWS product usage and the time to accomplish
weather impact mitigation planning decisions during multi-day thunderstorm events were carried out at 8
U.S. Air Route Traffic Control Centers (ARTCCs).

Two elements of ATC productivity improvements were analyzed:

1. Reduced workload and increased operational efficiency, as characterized by the amount of
time required to develop and implement convective weather mitigation plans and the
enhanced support for weather-related staffing decisions

2. Increased frequency of capacity-enhancing decisions

A description of the design (and methodological challenges) for the 2005 exploratory field campaign are
presented in Section 2 of this report. Results demonstrating how CIWS helped traffic managers improve
workload management and increase operational efficiency are presented in Section 3. Important factors
such as the variation in performance from ARTCC to ARTCC are discussed. Specifically, it is shown that
a very important factor in the productivity of an ARTCC is whether the Area Supervisors at the ARTCC
have direct access to CIWS products.

In Section 4, observations of weather impact mitigation planning at an ARTCC without access to CIWS
(Atlanta: ZTL) are discussed and analyzed in the context of ATC productivity enhancement findings at
ARTCCs with access to CIWS.

In Section 5, annual delay reduction and airline operating and passenger cost saving benefits based upon
the 2005 rates of observed CIWS-derived capacity-enhancing decisions per thunderstorm day are
compared with similar results from 2003. Annual airline jet fuel cost and consumption savings attributed
to CIWS usage in 2005 are also calculated and compared with similar results from 2003. The final
section of this report summarizes results and discusses future plans for CIWS ATC productivity
enhancement investigations.

The motivation for this study is discussed in the remainder of this Section.
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Figure 1-1. Summary of CIWS annual operational benefits identified in 2003 real-time ATC facilities observations
from (Robinson et al. 2004). The delay reduction associated with benefits categories 3 and 6 were quantified in
2003-04. Benefit categories 1, 2, and 5 contain usage observation results from ARTCCs and the Air Traffic Control
System Command Center (ATCSCC). These specific benefits could not be easily separated by facility and may in
fact have been more important at ATCSCC than elsewhere in terms of enacting efficient delay mitigation schemes.
Benefits 4, 8, 9, 13, and 16 would be shared (to varying degrees) with the Integrated Terminal Weather System
(ITWS). The ATC productivity enhancements associated with benefit categories 1, 2 and 5 have been quantified in
the 2005 assessment study described in this report.



MOTIVATION FOR THIS STUDY

In view of the projected increases in traffic anticipated in the next ten years, and a very austere FAA
funding situation, improvements in ATC productivity are essential. For example, the country's
commercial air traffic industry, including both large carriers and regional and commuter carriers,
transported 641.4 million passengers in 2003. According to the FAA's aerospace forecast for fiscal 2004
through 2015 (issued March 2005), it is estimated that this number will grow to nearly 1.1 billion
passengers annually by 2015. The latest FAA aerospace growth forecast (FAA Office of Aviation Policy
and Plans, 2005) projects a 25% increase in Instrument Flight Rules (IFR) operations and a 30% increase
in ARTCC air carrier operations by 2015. An important component of this traffic growth that is not
captured in the overall statistics is the growth in high altitude traffic within the ARTCCs due to the
transition to regional jets plus the increased business aircraft use of jets'.

Improved productivity in air traffic management during convective weather events is particularly
important due to:

1. The delays associated with the convective weather season (Figure 1-2)

2. The difficulty in managing convective weather impacts in highly congested airspace, such as is
present within the current CIWS domain (Figure 1-3)

3. The concerns of the FAA Air Traffic Organization (ATO) Strategy Office that there will be
significant escalations in delays due to convective weather in the coming years as a result of
increased air traffic demand”

In Figure 1-3, it is apparent that the bulk of the aircraft are flying along well described routes. In the area
to the west of the New York and Philadelphia airports, the traffic is constrained to closely spaced, parallel
routes in order to effectively manage the transition of traffic from en route airspace to a number of major
airports that are in close proximity (DeArmon et al. 2000). One of the important characteristics of the
highly congested airspace inside the CIWS coverage contour (shown in Figure 1-3) is that there is often
little or no excess capacity available when severe weather occurs. For example, rerouting aircraft around
areas of actual or predicted weather can be very difficult when one must be concerned about controller
overload in the weather-free sectors. To illustrate, when convective weather occurs in Ohio, traffic from
the western portion of the U.S. to the New York, Boston and Philadelphia airports may need to be
rerouted into Canada (north of Toronto) and/or via Georgia (MITRE CAASD, 2001). When major
terminals are also within the affected en route airspace boundaries, convective weather has even greater
impacts, particularly if this adverse weather occurs frequently.

The current principal users of the CIWS prototype are Traffic Management Units (TMU) at ARTCCs in
the heavily-congested and workload-intensive Midwest and Northeast Corridors of the National Airspace
System (NAS). During thunderstorm impacts, TMU Traffic Management Coordinators (TMC) use CIWS
and other weather and traffic flow decision support tools to execute the operational weather impact
mitigation decision loop shown in Figure 1-4. The problem in executing this decision loop is that the

' FAA analyses show that high and super high altitude traffic increased by 20% in many of the ARTCCs between
2000 and 2005 (Knorr, 2006).

2 FAA projections suggest that by 2014, with a 27% increase in air traffic demand, there could be 29 days of delays
that exceed the worst single day of delay in 2004 (Hughes, 2006).



process of determining ATC impacts, developing appropriate mitigation plans, and selecting from among
them must be accomplished in a time period commensurate with the ability to accurately forecast the
weather impact.

This is particularly difficult to do in the congested airspace in which CIWS is deployed because
convection in this region is often chaotic and disorganized (Figure 1-5) and thus difficult to predict in
advance. Moreover, convective weather in this region of the NAS causes a significant coordination
workload, both within an ATC facility and between facilities, due to the highly complex nature of the
traffic flows in this region and the likelihood of delay ripple effects from one ARTCC to another. Hence,
common situational awareness of the convective weather impacts within both the user’s facility and other
adjacent facilities is very important in developing a robust traffic management plan.
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Figure 1-2 U.S. OPSNET delays by month for an eight-year period. OPSNET delays are delays of 15 minutes or
more that are reported by the FAA’s Air Traffic Operations Network. These delays are attributable to single FAA
facilities, which assign causality to the event. Typically, approximately 70% of the OPSNET delays are attributed to
weather (e.g., wind, rain, snow/ice, low cloud ceilings, low visibility, hurricanes or thunderstorms). Note that the
delay is greatest during the summer months when thunderstorms are most frequent and that the summer increase in
delays was greatest in the higher traffic years (2000, 2001 before 9/11, 2004 and 2005).
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Figure 1-3. Density of traffic in the U.S. over a 24 hour period starting at 1000 UTC on 12 September 2002, with an
overlay of the 2005 CIWS spatial coverage. Note that aircraft are concentrated on particular routes as opposed to
being randomly distributed in space.
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Figure 1-4. Overall convective weather impact mitigation process. The ATC (and airline) workload associated with
convective weather management includes all five elements shown in the ““operational decision loop.”
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2. METHODOLOGY

Several challenges were encountered in quantifying the CIWS ATC productivity enhancements:

First, there seems to be no generally accepted methodology for assessing productivity of TMU personnel
for accomplishing the class of air traffic management problems typified by convective weather impacts
on the NAS.

Second, based on the experience in analyzing the various CIWS benefits cases from the 2003
observations, and more general combinatorial arguments on the likelihood of finding identical convective
weather impacts within an ARTCC for different weather events (Appendix A), the details associated with
convective weather impact situations will in general be relatively unique both for an individual facility
and between various facilities. Thus, comparing air traffic management outcomes between different time
periods and/or different ATC facilities when convective weather occurs is much more difficult than is the
case with fair weather air traffic management systems.

Third, the lack of facility observations prior to the CIWS installation in 2001 presented an additional
challenge in quantifying the “pre-CIWS” baseline productivity. It was not practically feasible to simulate
the decision making environment within the CIWS domain, nor was it be feasible to turn CIWS off
during the summer months of 2005, since (a) CIWS is now the preferred “tactical” weather product for
severe weather planning for 0-2 hours by the ARTCCs and the Air Traffic Control System Command
Center (ATCSCC) and (b) the magnitude of NAS convective weather delays in 2004 was high.

The manner in which these and other methodological challenges associated with the CIWS ATC
productivity enhancement assessment have been addressed is discussed in the following subsections.

2.1 ASSESSING TRAFFIC FLOW MANAGEMENT PRODUCTIVITY

We have not been able to find any published literature on TMU workload that specifically addresses the
bulk of the operational decision loop elements shown in Figure 1-4. The study that was most helpful in
guiding our CIWS productivity enhancement investigations was the Master’s Thesis of Haley Davison of
M.LT. (Davison and Hansman, 2001). Through a series of site visits to the Boston (ZBW) and New York
(ZNY) ARTCCs, as well as the Air Traffic Control System Command Center (ATCSCC), Davison and
Hansman noted that the TMC was a critical decision maker for achieving efficient airspace management,
particularly during periods disrupted by weather.

General TMC tasks that were identified by Davison and Hansman include:
e Controlling airspace availability and traffic rates into and out of a facility
e Monitoring operations within a facility to ensure appropriate controller workloads

o Communicating and negotiating with other facilities” TMCs to coordinate appropriate traffic
management initiatives

¢ Communicating initiatives and restrictions to tactical controllers in a timely manner



Additional details for a number of these tasks are provided in Appendix B (e.g., communications per day
and the number of other ATC personnel that a TMC would interact with in the course of a day).

It is known that the functions accomplished by TMCs (and partially by the en route Area Supervisors)
when attempting to mitigate the impacts of severe convective weather include:

e Monitoring of the current and forecasted impacts of convective weather on the traffic flow
management plans that are currently in place, to determine if modifications to the existing plans
and/or new mitigation plans need to be created’

e Conceptualizing appropriate approaches to handle the problems that have been identified

e Intra- and inter-facility communication* and coordination associated with the development of new
plans and/or modifications

An example of the TMC coordination tasks for just two ARTCCs is shown in Figure 2-1 (from Davison
and Hansman, 2001). Completion of critical ATC tasks listed above, in such a complex coordination
environment for traffic plan development and implementation, requires much more effort during
convective weather. However, there are no generally accepted workload models for these functions. The
time to accomplish the tasks above clearly is an important factor since many decisions are required during
rapidly changing convective weather. However, one must also be concerned with the quality of the
decision. A conceptual model for the tradeoff between decision quality and decision time at various
levels of productivity is presented in Figure 2-2.

Hence, in this study, ATC productivity is quantified in terms of both the time required to make decisions
and the quality of those decisions, as measured by the number of effective traffic flow management
decisions made by various facilities on a convective weather impact day.

3 This monitoring function corresponds to the “situational awareness” CIWS benefits category in Figure 1-1.

* This inter-facility coordination function corresponds to the “Interfacility coordination” CIWS benefits category in
Figure 1-1.
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Figure 2-1. Complexity of NAS system coordination process associated with solving traffic flow management
problems at just two facilities within the CIWS domain (ZNY and ZBW). Complexity grows significantly with each
additional facility required for traffic management coordination [from Davison and Hansman, (2001)].
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and greater decision value are clearly possible if one increases productivity.

2.2 FAAFACILITY OBSERVATION STRATEGY FOR ASSESSING CIWS PRODUCTIVITY
ENHANCEMENT BENEFITS

The CIWS operational benefits studies conducted in 2003 broke new ground in terms of methodology
employed to assess convective weather delay reduction benefits (Robinson et al. 2004). The 2003 data
collection design used knowledgeable observers at a number of FAA facilities during convective weather
events to identify operational CIWS uses. Annual delay and airline cost savings benefits, estimated also
per case study, per traffic management benefit category, and per facility, were explicitly identified by
using the following data gathered during convective weather events:

e Observations of traffic managers using CIWS displays
e Statements by users describing ATC decisions made using CIWS products

e TMC expert feedback on alternative decisions for specific situations had CIWS not been
available

This benefits assessment approach was adopted as the design basis for the CIWS 2005 productivity-
enhancement assessment study. In conducting this experiment, the importance of measuring CIWS-
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related ATC productivity enhancements against a non-CIWS baseline can not be overlooked. Both the
choice of facility and observation strategy within a facility reflected this concern.

2.2.1 Tasks of CIWS field use observers

During convective weather impact events, observers at select ARTCCs obtained feedback from traffic
managers (and Area Supervisors) on:

1. Convective weather impact mitigation decisions made using CIWS products

2. The workload associated with monitoring existing convective weather impact mitigation
initiatives

3. The workload associated with the mitigation plan development and execution process in
relationship to the expected workload for similar convective events prior to CIWS availability

Additionally, observers sought to determine whether substantive differences existed in the operational
effectiveness of convective weather impact mitigation plans developed with and without CIWS. Results
(see Section 3) suggest that, in assessing ATC productivity, the quality of the convective weather impact
mitigation decisions facilitated by CIWS can be even more important for achieving ATC productivity
enhancements than the use of CIWS to decrease the time required for traffic managers to develop a
worthwhile plan.

2.2.2 FAA facilities included in 2005 CIWS assessment

FAA ARTCCs selected for in situ CIWS usage observations in 2005 satisfied one or more of the
following criteria:

1. ARTCC exhibited a high frequency of 2003 CIWS delay reduction benefits and/or requires
highly complex TMU decisions with significant impact on the NAS

2. ARTCC was a “new CIWS user”

3. Facility inclusion would help achieve a mix of facilities with and without access to CIWS
displays at Area Supervisor positions

4. ARTCC had no access to CIWS

The facility participants for the 2005 CIWS field-use assessment are shown in Figure 2-3. Chicago
(ZAU), Cleveland (ZOB), New York (ZNY), Washington, D.C. (ZDC), and Boston (ZBW) ARTCCs
satisfied the first criterion for inclusion in this study. The authors felt it was important to include at least
one ATC facility which has had CIWS for a relatively short time period, since those ATC users would
have much more recent experience at mitigating weather impacts without CIWS. The Minneapolis
ARTCC (ZMP) was considered a new CIWS user (criterion 2), since 2005 was its first full Severe
Weather Avoidance Plan (SWAP) season with access to this convective weather decision support tool.

Significant care was taken to ensure observations were taken at ARTCCs both with and without CIWS

displays at Area Supervisor positions (criterion 3). During the 2003 CIWS benefits study, it was found
that ZDC achieved the major delay reduction benefits 50-100% more frequently per convective weather
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day than any of the other ARTCCs (Robinson et al. 2004, Table 7-3). A key difference between ZDC and
the other ARTCCs in 2003 was that only ZDC had CIWS displays at Area Supervisor positions in
addition to the TMU. It was hypothesized that greater effectiveness at ZDC in achieving delay reduction
benefits may be due in part to more efficient ATC decision support capabilities, resulting from enhanced,
common situational awareness between the TMCs and Area Supervisors. However, it was not possible to
rule out the possibility that the differences were due to some other factor specific to ZDC (e.g., a greater
willingness of the TMCs to use the CIWS products).

Given the coordination efforts associated with TMC weather impact mitigation plan development and
execution (see Figure 2-1) it was hypothesized that use of CIWS in the Areas would not only benefit
sector supervisors and tactical controllers, but also help reduce TMU workload during significant
convective events. The following facility observation scheme used in 2005 allowed us to explicitly
explore this hypothesis:

e ZDC: CIWS available in TMU and all Area Supervisor positions

e ZOB: CIWS available in TMU and 4 of 8 Area Supervisor positions
e ZMP: CIWS available in TMU and 5 of 6 Area Supervisor positions
e ZAU,ZNY, ZBW: CIWS available in TMU only

Observations were conducted in the TMU in all cases and in the sector Areas at facilities where CIWS
was available to Area Supervisors.

Finally, observations were conducted at two non-CIWS facilities [Atlanta (ZTL) and Jacksonville (ZJX)
ARTCCs] to obtain supplementary data for the study (criterion 4). These data were used to confirm
estimates of the workload associated with weather impact mitigation planning made by the CIWS users
assuming the absence of the CIWS decision support tool. These “non-CIWS” observations represent
baseline measurements of ATC productivity against which CIWS productivity enhancement results are
compared.

12
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Figure 2-3. FAA ARTCC facility participants for the 2005 CIWS Benefits Assessment Campaign. ARTCCs in red
had CIWS displays in both the TMU and Area Supervisor positions (though CIWS access at all Areas was available
only at ZDC). ARTCCs in yellow had CIWS displays only in the TMU. ARTCCs in green had no access to CIWS
displays.

2.3 INSITU OBSERVATION CHALLENGES

During SWAP events, ARTCC TMCs and Area Supervisors are extremely busy. Observers sought to
document not only each time the CIWS decision support tool was applied for traffic management
assistance, but also to directly query the user in order to capture (a) the effect of weather on air traffic, (b)
how CIWS was being used to address the weather impact, (¢) what plan would have been devised (and
using what tools) had CIWS not been available, and (d) the effort required for any potential, alternative
plans. Table 2-1 shows the worksheet used by the observers to record their observations.

Obtaining this information at a time when TMU personnel were at their busiest was difficult. Moreover,
anywhere from 3 to 7 TMCs in a TMU could be handling different weather impact concerns at the same
time, all potentially using CIWS to assist in planning. Ideally, all of these CIWS field uses would be
observed (a difficult task for 1-2 observers). For those facilities with CIWS displays in Areas as well as
the TMU, the number of CIWS applications increased significantly, further stretching limited observation
resources.
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3. CIWS BENEFITS EVALUATION RESULTS

FAA facility observation visits in 2005 for real-time evaluation of CIWS field usage were conducted on
the following dates:

e 4-7 June

e 27 June-1 July

e 12-15 July (all except ZMP), 3 August (ZMP)
Convective weather present during these three intensive observation periods varied among large,
organized squall line systems, short-lived quasi-organized clusters, large-scale disorganized thunderstorm
outbreaks, typical summertime air mass convective events, and nontrivial embedded stratiform rain
systems. Since each major type of storm organization and coverage regime occurred at each of the
facilities in 2005, these observation periods were considered a representative sampling of the population
of significant convective weather events.
ATC impacts caused by convective weather during these three observation periods ranged from minor to
extraordinarily severe. Reported air traffic delays on 13 July 2005, for example (during the third
observation period), set an all-time daily record for delays. On this day, prolonged en route and terminal
convective weather impacts from southern Canada to Florida to Texas greatly reduced NAS capacity.
Observations of CIWS usage during heavy TMU workload events such as 13 July were valuable in
analyzing both airspace capacity and ATC productivity enhancements provided by CIWS.
CIWS benefits evaluation results discussed in this Section include:

1. TMU plan development and implementation time savings attributed to CIWS

2. Benefits (including ATC staffing assistance) attributed to CIWS product access in ARTCC Areas

3. Quality vs. time-for-decision relationship for CIWS-derived ATC decisions

4. CIWS operational effectiveness changes from 2003 to 2005

5. Improved coordination of ARTCC/TRACON weather impact planning attributed to CIWS

3.1 TMU PLAN DEVELOPMENT AND IMPLEMENTATION TIME SAVINGS ATTRIBUTED
TO CIWS

The primary task of observers during the 2005 CIWS field-use assessment was to determine how long it
took traffic managers to complete the operational decision loop (see Figure 1-4), with and without the use
of CIWS. Specifically, for each weather impact addressed in part with CIWS, observers documented:

e When the potential weather impact was first identified

e How long it took for ATC to develop an impact mitigation plan
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e How long it took to coordinate the plan (internally and with other facilities), and how long to
execute

When possible, these direct observations of CIWS plan management timelines for individual ATC
decisions were then followed immediately by interviews of TMU personnel, soliciting their expert
opinion as to how long it would have taken to achieve each element of the operational decision loop
without access to CIWS. TMC responses to these frequent, impromptu user interviews generally
consisted of one of the following:

1. Without CIWS, it would have taken X minutes longer to make this decision because of Y
2. We would have made the same decision in the same amount of time without CIWS

3. We would not have been able to make this decision without CIWS

4. No time was available for the users to discuss the decision

With these interview responses, coupled with CIWS field-use observation data, detailed statistics were
calculated for ARTCC weather impact plan management time savings attributed to CIWS.

Table 3-1 shows estimated CIWS time-savings at each individual ARTCC. At most facilities, several
critical TMU weather impact mitigation decisions per day (e.g., keeping routes open, where to reroute
aircraft, directing pathfinders, etc.) were made approximately 10 minutes faster by using CIWS. Due to
the difficulty in interviewing the CIWS users during severe convective events (discussed above), we
estimate that these “more timely” decisions constitute only 21-36% of total observed CIWS usage
(varying from facility to facility), due to the following:

o Some CIWS decisions yielded no plan development/coordination time savings.

e Other times, TMCs were unable to comment on the workload associated with a specific CIWS-
derived traffic plan because of the extremely busy SWAP environment.

e TMCs often informed observers that a particular CIWS-derived decision would not have been
possible without CIWS, and they would have had to settle for a less-beneficial plan instead.
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TABLE 3-1
TMU Time-Savings Attributed to CIWS for Convective Weather Impact Mitigation
Plan Development and Implementation, Normalized by Convective Weather Day**

. TMU Decisions
Numb M M M M Ti Saved :
ofu glnv\?sr Z;g;\?;l PI:n- INTE‘;aI{l]AL B(TSF?In\JAL Tot‘era:L Decligsnsax/here DwPrloa(;tclivel)& 7 CIWS Assistance
ARTCC Time cWs Development Coordination Coordination & CIWS Time CIWS used in Man eggin ::]eac\’/ria with FAA Staffing
Saving Applications Time Savings | Time Savings | Implementation Savings Areas for g WS Decisions

Decisions | PP (min) (min) (min) (min) COORDINATION (Area INITIATION)
ZMP 6.2 36% 8.6 0.6 08 10.0 30 1.2 12
ZAU 2.7 21% 5.0 11 24 85 - - 0
Z0B 82 30% 6.2 29 24 115 53 5.8 0.8
ZDC 8.2 31% 7.3 14 15 10.2 4.3 4.0 0.2
ZNY 1.8 23% 11.0 0 0 11.0 - - 0
ZBW 5.0 23% 7.1 10 15 9.6 - - 0.7

** Time-savings results from the 2005 CIWS Benefits Assessment Campaign

Total TMU time savings attributed to CIWS per convective weather day are presented in Figure 3-1.
These time savings, which demonstrate productivity enhancements for individual elements of the
operational impact mitigation planning loop (see Figure 1-4), yield two primary results:

1. Most of the time saved is in the plan development stage of decision loop.

CIWS proved most beneficial to traffic managers when identifying and prioritizing thunderstorm impact
concerns and developing high-quality impact mitigation plans. When interviewed, TMCs routinely
pointed out that if a particular impact plan could still be considered as an option without CIWS, extra time
would have been required to either:

o Query the ARTCC Center Weather Service Unit (CWSU) meteorologists on duty for the needed
weather information’,

e Make manual extrapolations, estimates, and educated guesses of perceived weather situations
using other convective weather decision support tools, or

e Scour the Internet for additional sources of weather information (least frequent).
Since taking extra time to secure this tactical weather information is often not possible, traffic managers
explained regularly that without CIWS, the impact mitigation plan in question would either (a) not have

been devised or (b) been devised in the same amount of time with other weather decision support tools,
but with far less confidence in the decision.

2. Amount of TMU time-savings is related to availability of CIWS in ARTCC Areas.

>The ARTCC CWSU is normally not staffed by a meteorologist after 10 PM local. If significant weather occurs late
in the evening, extending beyond 10 PM, traffic managers must rely even more heavily on convective weather
decision support tools. TMCs using CIWS for weather impact mitigation planning after CWSU meteorologists have
left for the evening were often unable to cite specific plan development time-savings. Instead, they often stated that
without CIWS, an alternate (and usually less-beneficial) plan would have been devised and implemented.
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Results highlighting total TMC weather impact planning time-savings per day from CIWS demonstrate a
significant relationship between enhanced TMU productivity and availability of CIWS displays in
ARTCC Areas (see Figure 3-1). Total TMC time-savings from the 3 ARTCCs with CIWS in both the
TMU and the Areas was 164% greater than TMC time-savings from 3 ARTCCs with CIWS only in the
TMU. The relationship between improved TMU productivity and availability of CIWS displays at
ARTCC Area Supervisor positions is discussed in detail in the next Section.
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Figure 3-1. TMU time-savings attributed to CIWS at each ARTCC investigated in 2005. Productivity enhancements
per convective weather day are segmented to demonstrate CIWS contributions to the specific stages in the operation
decision loop for weather impact mitigation. ARTCCs with and without access to CIWS displays in the Areas are
noted.

3.2 BENEFITS CONTRIBUTIONS ATTRIBUTED TO CIWS USAGE IN ARTCC AREAS

In situ field use assessments of FAA decision support tools are valuable not only for determining
operational benefits of a system, but also for observing how ATC operates during traffic impact events.
During both the 2003 and 2005 CIWS field-use assessment campaigns, observations at ARTCCs and
discussions with traffic managers revealed that all operational ATC positions in an En Route Traffic
Center, from controller to Area Supervisor to TMC, need to function as a tightly knit team. Decisions
made at the TMC level directly affect Area personnel (supervisors and controllers). Similarly, decisions
made by controllers and Area personnel will also impact TMU planning decisions. Given this synergistic
ARTCC environment, it stands to reason that any benefits gained in the TMU through use of a convective
weather decision support tool such as CIWS should increase when Areas have access to the same tool.
Mutual availability of a decision support tool increases common situational awareness of air traffic
management concerns throughout the facility. Decisions made by Area personnel are an important
component of the overall traffic management plans (personal communications and interviews with
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ARTCC Traffic Management Officers, TMCs, and Area Supervisors). The availability of decision
support information in the Areas, such as provided by CIWS, can therefore greatly assist in plan
development and implementation efficiency, resulting in traffic management decisions that increase
airspace capacity while minimizing the adverse affects on controller workload.

As discussed in Section 2, the design of the 2005 CIWS benefits assessment campaign experiment
explicitly allowed for an assessment of the impact of having CIWS products available in the Areas (see
Figure 2-3).

Four primary benefits of having CIWS available to Area Supervisors (in addition to the TMU) were
identified:

1. Improved weather impact plan coordination
2. TMU plan development/monitoring workload eased by enhanced Area initiative via CIWS
3. Increased frequency of higher-quality weather impact mitigation decisions

4. FAA staffing assistance

3.2.1 Improved ARTCC plan coordination with Area CIWS access

CIWS availability in the Areas at ZOB, ZDC, and ZMP ARTCCs greatly increased TMU time-savings
for weather impact mitigation plan development (compared to ARTCCs with CIWS only in the TMU).
At these three ARTCCs, Area personnel were often more involved at the plan development stage, since
they were able to utilize CIWS to quickly affirm a plan proposed by the TMU or to offer a high-quality
“counter-plan”. Once weather impact plans were devised in the TMU (with or without Area Supervisor
assistance), CIWS availability in the Areas helped reduce the TMU-Area coordination time. (See Figure
3-1, “mean internal coordination time savings”).

The following observation at ZDC at 1909 UTC on 29 June 2005 was typical of the documented TMU-
Area plan coordination assistance provided by CIWS during the benefits assessment period:

e Convection impacting J48, moving towards J75 (parallel north-south routes through ZDC
servicing heavy New York and Atlanta traffic flows)

e TMU uses 1-hour CIWS Precipitation Forecast to develop reroute for flights over GVE/DAILY
fixes, required with expected J75 closure in 45-60 minutes

e STMC visits Areas 5, 6, and 7 and, using CIWS Displays at Area Supervisor positions, quickly
illustrates to Area personnel (a) why reroutes will be needed, (b) when reroutes will need to be
implemented, and (c) reason specific reroutes plans were chosen

e With CIWS, all Area Supervisors recognize pending weather impacts and quickly agree to
proactive reroute strategy

e The STMC confirms that without CIWS available in the Areas, extra time would have been
required to explain the specifics of the reroute strategy and why it needed to be planned
proactively; STMC confirms that TMU-Area plan coordination is often less complicated and time
consuming with CIWS
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Mean, daily internal coordination time savings attributed to CIWS at ZOB and ZDC were roughly three
times greater than mean savings at ZAU, ZNY, and ZBW. Internal plan coordination time-savings at
ZMP lagged the other facilities with CIWS in Areas and the TMU, likely because TMCs at this ARTCC
were relatively new users of this decision support tool; thus, experience in utilizing CIWS for Area
collaboration was still limited.

Figure 3-2 demonstrates the higher rate at which plan coordination and TMU workload reduction benefits
were achieved at ARTCCs with CIWS available in both the TMU and Areas. Also, observed use of
CIWS for “situational awareness” of convective weather impacts on air traffic was generally higher at
Z0B, ZDC, and ZMP (ARTCCs with Area CIWS displays), though it is important to note that CIWS was
used heavily within the ZBW TMU, which helped this facility overcome some plan development and
coordination challenges associated with not having CIWS in the Areas (discussed further in Section
3.2.3).
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Figure 3-2. Operational benefits per ARTCC per convective weather day for three specific CIWS benefits
categories. ARTCC results are separated into two groups, those facilities with access to CIWS at Area Supervisor
positions and those without.

3.2.2 TMU workload reduction from enhanced Area initiative via CIWS
Observations at ZOB, ZDC, and ZMP in 2005 revealed that substantial reductions in TMU workload
were achieved when Area Supervisors utilized CIWS to avoid traffic management initiatives (TMI). This

is illustrated by the following observation of Area usage of CIWS at ZDC after 2000 UTC on 13 July
2005:

e Strong storms impacting northeast ZDC airspace (key en route airspace for NY/PHL traffic)
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o 7ZDC Area Supervisor uses CIWS Growth and Decay Trends product to note that these storms are
dissipating; based on CIWS, Supervisor keeps the route open, without restrictions

e 7ZDC Area Supervisor convinces NY ATC that this decision is the right one
e 7ZDC TMU involvement not required for this decision

In an interview after this air traffic management decision was made, this Area Supervisor stated that had
CIWS not been available, he would have requested the ZDC TMU to either close this route completely or
implement significant Miles-in-Trail (MIT) restrictions. By using CIWS to keep this route open with no
TMI, the TMU did not have to develop a plan for this route impact. Moreover, if a plan for this route
were implemented, it would have required constant, iterative monitoring and revisiting by the TMU. The
impact on heavy NY traffic would have been substantial, with significant delays, and pressure to remove
TMIs on this route as quickly as possible would have been immense. Keeping the route open not only
reduced ZDC TMU workload, but also potentially reduced ATC workload for:

e ZDC Area controllers: allowing traffic to stay on route limited/prevented air traffic complexity
issues that increase controller workload

e 7ZNY: TMU and Areas did not have to react to a TMI, which would otherwise have been needed

e NY TRACON: large terminals in their airspace avoided the adverse operational impacts that
would have resulted from the alternative TMI

e NY/Philadelphia ATC Towers: avoided airport departure slowdowns, backups of aircraft,
building “queues”, and increased airport surface management workload that otherwise would
have resulted from the alternative TMI

e Airline System Operations Centers (SOC) and dispatchers: extra workload required in seeking
alternative routes for aircraft impacted by route TMI, accounting for downstream delay impacts,
flight crew timeout concerns, etc., was avoided

Finally, and perhaps most important, this decision, made independently of the TMU by an Area
Supervisor using CIWS, increased airspace capacity and helped save considerable delay on a day when
air traffic impacts were already at record levels®.

Access to CIWS in the Areas was also observed to enhance the ability of Area Supervisors to develop
plans for weather impact mitigation and present them to the TMU for implementation. With ARTCC
Area Supervisors using CIWS to determine the feasibility of various air traffic capacity enhancement
strategies, the TMU is able to focus its efforts towards other TFM concerns. Moreover, when the Areas
present potential tactical plans to the TMU, time and effort are saved by the TMCs because (a) the impact
mitigation situation has already been identified, (b) research into plan feasibility has already been
conducted, and (c) TMCs do not need to take time to explain or convince the Areas of the plan since the
Area Supervisors are presenting it to the TMU in the first place.

%Recall, it was noted earlier in Section 3 that reported air traffic delays on 13 July 2005 set an all-time daily record.
Without CIWS-enabled decisions such as the one described here, both delays and ATC workload concerns on this
day would have been much worse.
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Numerous convective-weather related air traffic disruptions throughout a Center may simultaneously
require TMU attention. Therefore, Area Supervisors, focusing on a smaller sub-region of airspace within
an En Route Center, may at times be more able to readily identify proactive, capacity-enhancing
opportunities through the use of CIWS. An observation of Area use of CIWS in ZOB at 2320 UTC on 28
June 2005 illustrates this productivity and delay-saving benefit scenario (Figure 3-3):

e Strong storms impacting J80 jet route through ZOB (a heavily-used route serving several large
airports)

e Despite strong storms surrounding J80, Area 2 Supervisor uses the CIWS Echo Tops Forecast
product to determine that a developing gap in high-topped convection will persist, allowing the
route to reopen

e Area 2 Supervisor presents the plan to reopen J80 to the TMU, citing CIWS evidence
e TMU quickly reopens J80

At the time of this decision, the TMU was inundated with thunderstorm impact concerns throughout the
Center (see Fig. 3-3A). Specifically, in addition to the J80 impacts, strong storms were directly affecting
all three large TRACONS in ZOB (Detroit, Cleveland, and Pittsburgh), the heavy Chicago O’Hare (ORD)
eastbound departure flows near the ZAU/ZOB Center boundary, the heavily-traveled J36, J60, and J64
east-west jet routes through the Center, and key routes into and out of ZBW. Strong convection in all
Centers bordering ZOB also likely increased TMU workload at this time. By using CIWS to recognize an
opportunity to reopen J80 early, and presenting the plan to the TMU, the Area Supervisor helped reduce
TMU workload. This CIWS-enabled Area initiative also ensured an earlier implementation of a delay-
saving decision benefiting multiple FAA facilities (increased efficiency), airlines (reduced delay and
operating costs), and passengers (reduced delay).

CERES gl R &' @

Figure 3-3. (A) CIWS VIL Precipitation, (B) Echo Tops Mosaic and Lightning, and (C) Echo Tops Forecast
products at 2330 UTC on 28 June 2005. The J80 jet route is labeled.
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3.2.3 Increased frequency of higher-quality weather impact mitigation decisions enabled
through CIWS use in Areas

Figure 3-4 compares the number of times per convective weather day that key en route delay reduction
benefits were observed at each ARTCC under study during the 2005 CIWS usage assessment. Overall,
CIWS en route airspace efficiency and capacity enhancement benefits at ZOB, ZDC, and ZMP (CIWS in
Areas) were significantly greater than the corresponding CIWS benefits at ZAU, ZNY, and ZBW (CIWS
in TMU only). On average, for the 5 CIWS en route benefit categories shown in Figure 3-4, ARTCCs
with CIWS in the Areas and TMU implemented capacity-enhancing TMIs 140% more often than
ARTCCs with CIWS only in the TMU.

The outlier in this analysis was ZBW, which compensates for the lack of Area displays through prolific
use of CIWS in the TMU, where this decision support tool is consulted regularly during convective
weather events. Even with such strong TMU use at ZBW, the frequency of high-quality CIWS delay
saving decisions at ZBW such as “Keeping Routes Open Longer”, “Proactive Reroutes”, and “Improved
Management of Arrival/Departure Transition Areas (ATA/DTA)” was lower than the frequency of the
same benefits decisions at ZOB and ZDC. Since TMC use of CIWS at ZOB and ZDC is comparable to
that at ZBW, we attribute this higher overall ARTCC efficiency for executing beneficial weather impact
mitigation plans to the Area use of CIWS’ at those facilities.
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Figure 3-4. CIWS benefits per convective weather day at each ARTCC included in the 2005 CIWS field use
assessment. Benefit categories shown here are typically considered key en route delay reduction benefits attributed
to CIWS at ARTCCs. ARTCC results are separated into two groups: those facilities with access to CIWS at Areas
Supervisor positions, and those without.

"The frequency of some CIWS en route benefits at ZBW (CIWS in TMU only) exceeded the rate of achieved
benefits at ZMP (CIWS in TMU and Areas), as the latter “new user” group was still becoming accustomed to using
this decision support tool. This operational “burn-in” period was seen at almost all FAA facilities during their first
year of CIWS usage.
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The following three examples illustrate typical observations of ARTCC operations during the 2005 storm
season where CIWS use in the Areas enabled higher-quality weather impact mitigation decisions:

1. ZOB: 06 June 2005 - 0015 UTC: Strong, high-topped thunderstorms moved into the high sectors in
Area 4 (western ZOB airspace). A high sector controller, without access to CIWS, felt that traffic
northbound to DTW, through his sector, should be stopped or severely restricted. Despite the direct
impact by squall line convection, the Supervisor, noting a general decaying trend in echo top heights, and
the persistence of gaps in high-topped weather (predicted by the CIWS Echo Tops Forecast), convinced
the controller working the southwest ZOB airspace position that northbound DTW arrivals could continue
(Figure 3-5). The Area Supervisor confirmed that had CIWS not been available in his Area, he would
have agreed with the controller’s suggestion and requested that the TMU place heavy MIT restrictions or
stop the northbound DTW traffic flow though his high sectors. In this example, use of CIWS in the Areas
reduced DTW arrival delays and potentially prevented airport ground stops to DTW. An increase in
TMU workload was also prevented since concerns associated with this thunderstorm impact were
managed entirely within the ARTCC Areas.

2. ZOB: 06 June 2005 - 0100 UTC: Despite the presence of a strong, nearly solid north-south squall
line through western ZOB airspace, the TMU developed a plan to send pathfinders on the J554 jet route in
the hopes of reopening it earlier. The Area 4 Supervisor was concerned about this decision but agreed
based upon a declining trend in echo top heights along this route, as evident in the “past-weather” loop of
the CIWS Echo Tops Forecast product (Figure 3-6). Using this CIWS information, the Area 4 Supervisor
worked with controllers to direct three successful pathfinders through the “echo tops gap” along J554 in
western ZOB airspace, allowing the route to reopen early. Without CIWS, the Area Supervisor confirmed
that he would not have been comfortable with the decision to attempt to reopen J554 early with
pathfinders and the route may have remained closed.

sl
o :
* +30 min
Valid 0045 UTC Valid 0115UTC

Figure 3-5. CIWS Echo Tops Mosaic at (A) 2330 UTC, (B) 2345 UTC, (C) 0000 UTC, and (D) 0015 UTC, and 30
and 60 min Echo Tops Forecasts issued at 0015 UTC, valid at (E) 0045 UTC and (F) 0115 UTC, respectively.

24



Figure 3-6. CIWS Echo Tops Mosaic at 0030 UTC, 0045 UTC, and 0100 UTC on 06 June 2005. The J554 jet route
is represented by the white line.

3. ZMP: 29 June 2005 - 2240 UTC: At 2210 UTC, strong storms southeast of Minneapolis-St. Paul
(MSP) TRACON forced the closure of the RST departure gate. With this gate closed, RST departures
were added to the ODI departure fix, but MSP delays increased due to limited weather-constrained
capacity (Figure 3-7A). Weather impacts at the RST fix were still significant at 2240 UTC (see Figures
3-7C, 3-7D), but the Area 3 Supervisor used animated CIWS Precipitation and Echo Tops Forecast
information to proactively identify improving conditions in this airspace region (Figure 3-7E). The Area
3 Supervisor presented this evidence to the TMU, and after quick consultation with MSP and Northwest
Airlines (NWA), the RST departure fix was reopened early (Figure 3-7B). Without CIWS in the Area,
identification of improving conditions would not have occurred as quickly (in this instance) and higher
SWAP departure rates at MSP would have been delayed.

Since the facility observation scheme (see Section 2) for this benefits assessment campaign included two
ARTCCs (ZOB and ZMP) where CIWS displays were available in most but not all Areas, observations of
weather impact planning and coordination amongst Areas with and without access to CIWS and the TMU
were also made. Several instances were documented where the TMU and Area with access to CIWS,
using weather products from this decision support tool, agreed on a convective weather impact mitigation
plan, but another Area involved in plan coordination, without access to CIWS, did not (see Appendix D).
In these cases, the TMU (sometimes with the help of the Area Supervisor with access to CIWS) may take
extra time to try to convince the other Area Supervisor of the validity of the plan. Most often though,
without agreement amongst all intrafacility coordinating parties, the CIWS-derived plan would either be
postponed, to be re-addressed later in the event, or never implemented.

The following observation from ZMP at 1725-1740 UTC on 29 June 2005 is an example of this specific
plan coordination scenario, involving the TMU, and Area Supervisors with and without direct access to
CIWS:

o TMU, using the CIWS VIL Precipitation and Precipitation Forecast products, develops a plan
to resume MSP departures out towards the FAR fix, with 20 MIT restrictions

e Area 2 and 3 Supervisors, with access to CIWS, and viewing the same weather products,
agree to the plan

e Area 4 Supervisor, without access to CIWS, does not agree with plan

e Plan is not implemented
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It has been previously demonstrated that improved weather impact mitigation plans derived from CIWS
can save substantial delay, as well as airline operating and passenger costs (Robinson et al. 2004). In the
context of the 2005 CIWS productivity enhancement assessment, improved quality of decisions also
proves important in reducing controller and traffic manager workload. Results in this Section
demonstrate that realized productivity benefits, through improved weather impact planning using CIWS,
increase at facilities with CIWS available at Area Supervisor positions. A discussion of the impact of
traffic management plan quality on facility and NAS operational efficiency is presented in Section 3.3.

G
e, 2240 UTC

- - -~
2240 UTC Issued 2240 UTC
i Valid 0040 UTC

Figure 3-7. Flight track and WSI composite reflectivity information, provided by Flight Explorer, at (A) 2210 UTC
and (B) 2240 UTC, depicting MSP arrivals (red) and departures (black), and CIWS (C) VIL Precipitation and
Growth (hatched orange) and Decay (dark blue) Trends products, (D) Echo Tops Mosaic (with Echo Top
Annotations) and Lightning products, and (E) 2-hour Echo Tops Forecast product at 2240 UTC on 29 June 2005.
The blue circle in each figure marks the location of the RST departure fix.
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3.2.4 Increased FAA staffing assistance through CIWS use in Areas

Availability of CIWS displays at Area Supervisor positions also provided more opportunities to consult
this decision support tool to assist with ATC staffing decisions. The frequency of CIWS-assisted FAA
staffing decisions per ARTCC is presented in Table 3-1. Though the trend is not as clear as the relative
rates of achieved en route benefits, results suggest that CIWS availability in ARTCC Areas increases the
use of this decision support tool for assistance with staffing decisions. Observations from the 2005 field-
use assessment (Appendix D) captured a number of uses of CIWS weather products in the Areas to assist
in making staffing decisions, including:

o Justifying controller overtime based upon weather impacts forecasted by CIWS

e Adding “D-side” controllers to reduce radar controller workload based upon current or pending
weather impacts as depicted by CIWS

e Optimizing Area controller break schedules based upon CIWS weather information

e Managing ATC staffing in super-high sectors based upon CIWS Echo Tops and Echo Tops
Forecast products

e Determining controller staffing levels needed for diversion recovery programs

e Avoiding controller overtime (staffing levels acceptable, despite convective weather impacts,
based upon CIWS weather depictions and forecasts)

Staffing decisions made by Area Supervisors using CIWS to add or extend overtime for controllers at first
glance appears counter to FAA goals to reduce operating costs. However, from an air traffic management
perspective, these staffing decisions, which decrease individual controller workload and thus maintain or
increase sector capacity, allow ARTCCs to proactively address convective weather impact concerns. The
potential end result of this proactive staffing approach in the Areas was often reduced air traffic delays,
managed airport departure queues®, and reduced duration of late evening impacts, when controller staffing
is extremely limited and costs for off-peak ATC overtime (needed to handle ongoing peak traffic demand)
would be significantly greater.

CIWS was used in the TMU to assist in making staffing decisions as well, although less frequently than in
the Areas due to fewer TMC personnel working per shift. Table 3-2 shows that CIWS was used at ZBW
nearly once per convective weather day to help manage TMU staff scheduling. As in the Areas, CIWS
current weather depiction and forecast products proved useful in the TMU for determining the appropriate
staff force given ongoing or pending convective weather impacts.

fAirport queuing delays (Robinson et al. 2004; Allan et al. 2001; Evans, 1997) invariably occur at high
demand/limited capacity terminals serviced by routes through the CIWS domain (i.e., Chicago O’Hare, Newark,
LaGuardia, JFK, Teterboro, Boston, Dulles, Washington National, Baltimore, Cincinnati, and Detroit airports).
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TABLE 3-2
Frequency of CIWS-Assisted FAA Staffing Decisions per ARTCC

FAA Staffing Decisions
ARTCC Made with CIWS per
Convective Weather Day
ZMP 1.2
Z0B 0.7
zDC 0.2 [ ] cwsin U and Areas
ZAU 0.2 [ ] cwsintmuony
ZNY 0.0 I:I [?rl\ci\lli?i(i:nu-gg;eonly’ Ut
ZBW 0.7

3.3 QUALITY VS. TIME-FOR-DECISION RELATIONSHIP FOR CIWS-DERIVED ATC
DECISIONS

Recall from earlier discussions of CIWS plan development time savings (Section 3.1) that a significant
fraction of TMC responses to CIWS workload assistance queries were that a specific impact mitigation
plan would not have been devised and implemented without CIWS’. TMCs stated that, in the absence of
CIWS, there would most likely not have been enough time to obtain the necessary information from the
CWSU meteorologists (e.g., storm movement, evolution, height, and forecast) needed to make an
educated tactical traffic management decision. Moreover, ATC personnel explained that other convective
weather decision support tools, available in the TMU, lacked most of the specific weather information
provided by CIWS. Therefore, without CIWS, they would not have been aware that more optimal storm
impact mitigation plans could be developed.

CIWS proved extremely valuable in the fast-paced, workload-intensive SWAP environment in an
ARTCC TMU by exposing options for weather impact mitigation that were better than the other
alternatives (in terms of enhancing capacity and/or addressing controller workload concerns), yet could
still be incorporated into a plan and iteratively monitored in a timeframe acceptable within the limits of
tactical airspace management. Moreover, with additional storm severity information provided by CIWS,
higher quality mitigation options might be proposed, and the resulting impact mitigation plans selected,
even though more work by the TMU might be required initially to put the plan in place.

The following three examples illustrate typical observations of ARTCC operations during the 2005 storm
season where CIWS enabled higher-quality weather impact mitigation plans at the expense of increased,
near-term TMU workload:

°If, without CIWS, the impact mitigation plan would have been different, the CIWS-derived decision was not
included in workload time-savings calculations. This is because estimates for the time required to devise and
implement a plan with and without CIWS in these instances would have been for two completely different TMIs and
thus not comparable.
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1. ZDC TMU, 29 June 2005, 1430-1630 UTC: A Ilarge cluster of storms was present along the Mid-
Atlantic coast, along which several high demand en route ZDC airways run (serving New York, Boston,
and Florida traffic). At the same time, an organized thunderstorm complex was directly impacting ZNY
airspace, causing mounting delays at the major metro NY airports. Additional strong storms began
building in northern ZDC airspace after 1400 UTC. Given the significant weather already affecting NY
traffic flows at this time, additional storm-related capacity reductions in ZDC would have severely
hampered NAS operations along the East Coast (and likely beyond). Even though the thunderstorms
were strong (level 5 intensity in the CIWS VIL precipitation product'®), ZDC TMCs used CIWS Echo
Tops products to identify that en route over flight traffic on high demand airways could continue (Figure
3-8). This particular event was very dynamic as thunderstorms continued to build in the airspace region
of concern. Therefore, the decision to keep key routes through northeast ZDC open required continuous
TMU monitoring to be sure this plan remained safe and operationally viable (Table 3-3). TMU personnel
and Area Supervisors were observed “conferencing” around the CIWS Situation Display (SD) at
approximately 20—30 min intervals to reassess the decision to keep routes open based upon echo tops
information. Increasing echo top heights finally led to the closure of the route at 1630 UTC.

Post-decision interviews confirmed that without CIWS, this heavily-traveled route would have closed two
hours earlier. NY airport arrival/departure rates were already reduced because of convection in ZNY
airspace; an earlier closing of this ZDC route servicing NY traffic would have further reduced terminal
throughput at several large airports, resulting in rapid, nonlinear escalations of queuing delays.'" Airports
affected would have included metro NY (3 airports), Atlanta, Orlando, Tampa, Miami, Boston, Hartford,
Providence, and surely others.

In this traffic management example, the decision to keep routes in ZDC open based upon CIWS required
more work from (a) TMCs to iteratively monitor and assess the route impact, (b) Area controllers who
were still handling traffic through their sectors despite heavy weather and occasional, local pilot
deviations, and (¢) Area Supervisors, working with both the TMCs and controllers to ensure that this
traffic plan remained manageable. However, this decision enhanced en route airspace capacity during a
SWAP event, providing relief for several high demand airports and minimizing delays. Moreover, given
that the NAS operates as a network, not only in terms of general air traffic flow, but also in terms of the
symbiotic relationship between the ATC facilities managing this flow, the extra effort at ZDC to postpone
intrusive TMIs and increase en route capacity helped improve operational productivity elsewhere during
the 2-hour benefit period.

2. ZAU, 05 June 2005 - 2230 UTC: A solid, north-south squall line in eastern ZAU at 2100 UTC
forced large reroutes for many destinations, including arrivals to MSP (Figure 3-9A). As the line moved
towards the ZAU/ZOB boundary over the next 90 min, ZAU TMCs monitored the evolution of the
convective system using multiple CIWS products. At 2230 UTC, ZAU, ATCSCC, and ZOB conferred at
length, using CIWS for common situational awareness, about reroute modifications, specifically in
regards to en route MSP arrivals from the east coast. At ZAU (where primary observations of this three-
way conference were conducted), the TMC took extra time to consult numerous CIWS products in order
to determine the highest-quality reroute decision. Storms in northwest ZOB, where MSP arrivals had
been routing, were intensifying (CIWS Growth Trends product; Figure 3-9C) and tracking over the same

""Robinson et al. (2002) demonstrated that weather depictions based upon CIWS VIL precipitation, although
commonly less intense than the weather depictions available from other decision support tools such as WARP or
ETMS, are a more accurate representation of en route storm severity. Therefore, a level 5 storm on 29 June 2005, as
depicted by CIWS, likely looked even more severe (and thus, of greater operational concern) on other weather
decision support tools.

"'See Appendix B in Robinson et al. (2004) for quantified CIWS delay savings case studies involving route-based
queuing delays.
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locations (CIWS Storm Motion vectors; Figure 3-9C). Meanwhile, convection south of this intense
cluster exhibited lower echo tops and less frequent lightning (CIWS Echo Tops Mosaic and Lightning
products; Figure 3-9D), and an explicit decay trend (CIWS Decay Trends product; Figure 3-9C) was
evident in convection near J60 through ZOB and ZAU. Finally, the CIWS Forecast products for
Precipitation (Figure 3-9E) and Echo Tops (not shown) demonstrated that the broken nature of convection
in this airspace region would persist. By using CIWS during this conference, all parties were able to agree
on a reroute strategy that would allow MSP arrivals from the east coast to utilize gaps in weather near J60
and/or, at the pilot’s discretion, smaller holes in the line between Chicago and Detroit (Figure 3-9B).

After the conference between ZAU, ZOB, and ATCSCC had concluded, the ZAU TMC involved was
asked if the use of CIWS in this instance had provided any time or workload savings. The TMC stated
that in this case, using CIWS actually increased the time required to conduct the conference because it
opened up more avenues for discussion and there was much more information to share. The TMC felt
that because of this, the conversation was more fruitful and may have encouraged ZOB to attempt using
gaps in convection along the ZAU/ZOB border. By utilizing these gaps, some MSP arrivals from the East
did not require longer routes through Canada, thus minimizing potential route-based queuing delays on
the MIT-restricted Canadian “Playbook”™ routes in use. These flights also avoided longer routes around
the south end of the squall line where the likelihood for greater delay would have increased since routes in
this region were already under high nominal and reroute demand.

2005/06/29 15:50:01

CIWS VIL Precipitation CIWS Echo Tops Mosaic

Figure 3-8. CIWS weather depictions showing (A) VIL precipitation and (B) Echo Tops at 1550 UTC on 29 June
2005. Overlaid on CIWS weather products are all flight tracks for aircraft at or above 16,000 feet. The ZDC
airspace region where CIWS was used to keep heavily-traveled jet routes open (despite level 3-5 intensity) based
upon CIWS echo tops information is circled in red. At this time, strong, high-topped thunderstorms in southern NY
and PA had closed key airways servicing metro NY traffic. This resulted in additional traffic volume on routes west
and south from NY. Without CIWS, ZDC TMU personnel confirmed that routes through the circled airspace region
would have closed two hours earlier, resulting in increased demand on fewer available routes and thus, increased
air traffic delays for numerous airports.
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TABLE 3-3

Observed, Iterative Use of CIWS at ZDC TMU on 29 June 2005

|  deviations

1504 UTC:

Weather Impact Plan Management Using CIWS

* 1436 UTC: Level 3-5 storms near OOD/SBY (key ZDC airspace for en route NY traffic)

southbound traffic deviating— conference between TMCs and Area Sups
at TMU CIWS display, discussing stoppingOOD departures or heavy MIT
restrictions. Realizing significant impad on NY departures, ZDC use CIWS
(Precip, Echo Tops, Lightning, Growth and Decay Trends products) to
reach decision to leave route open withoutrestrictions, and absorb

Without CIWS

Route heavily restricted or
closed; if closed, no more
TMU work on this plan until
weather clears or deviations
cease

Strong storms still near OOD/SBY fixes. Area Sup uses CIWS to note
echo tops at 34 kft, increasing from 30kft — feels still acceptable and
leaves route open.

Route closed - concern for
deviations and airspace
complexity cease until
route reopened

1533 UTC:

Storms near SBY fix. Area Sup tells TMU (using CIWS) that flight are
still deviating and echo tops are 30kft. STMC notes “positive growth”
is NOT present in CIWS Growth and Decay Trends product. Deviations
larger now, and near military warning areas, so 30 MIT restriction
implemented on route. TMU confirms routewould have closed
completely without CIWS — route remains open 55 min longer.

Route closed — concern for
deviations and airspace
complexity cease until
route reopened

1550 UTC:

Strong storms still near SBY fix. Area Sup and STMC (using CIWS)
discuss NY/PHL departures deviating aroundweather. STMC decides
to continue to keep route open because AWS shows “manageable”
echo tops and no lightning. CIWS does show“growth” (via Trends
product), which is a concern and thus impact is continuously monitored.

Route closed — TMU workload
reduced until decision to
reopen route

1630 UTC:

Route finally closed.

Conclusion: Decision made using CIWS to keep route open saved considerable

delay, but iterative plan monitoring required more work in TMU

C

Figure 3-9. Flight track and WSI composite reflectivity information, provided by Flight Explorer, at (A) 2100
UTC and (B) 2300 UTC, depicting MSP arrivals (red), and CIWS (C) VIL Precipitation, Growth (hatched orange)
and Decay (dark blue) Trends, and Storm Motion products, (D) Echo Tops Mosaic (with Echo Top Annotations)
and Lightning products, and (E) 1-hour Precipitation Forecast product issued at 2230 UTC on 05 June 2005.
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3. ZBW, 06 June 2005 - 1800 UTC: At 1730 UTC, multiple, heavy traffic flows continued on quasi-
nominal routes over the CAM fix in central ZBW, despite the eastward progression of an intense, solid
squall line, as well as scattered strong storm cells along the NY/VT border (Figure 3-10A). As the line
continued eastward, it intensified, and new convection developed both along the line and in association
with the storm cluster further northeast, suggesting that discrete convective elements would merge and
form a solid line, blocking all key routes. If this convective weather merge were to occur, and traffic was
still routing near the CAM fix, deviations, holding aircraft, and sectors filling towards capacity would
result in excessive air traffic complexity concerns.

ZBW TMCs used CIWS extensively at 1800 UTC to weigh options and determine whether traffic could
continue through Upstate NY or be ground stopped until weather conditions improved. Based upon
CIWS forecasts for a persistent gap in level 3+ weather near the CAM fix in ZBW (Figure 3-10C), and
high 30, 60, and 120-minute forecast accuracy scores (Figure 3-10C, inset), the ZBW TMU decided to
keep multiple routes open through central ZBW. The ZBW TMU Supervisor then called ATCSCC and
explained, in detail, the routing decision and CIWS evidence which supported it. Based upon CIWS,
heavy traffic flows, including SWAP reroutes servicing metro-NY arrivals, continued (Figure 3-10B).

After this decision, the ZBW TMU Supervisor was interviewed and he confirmed that had CIWS not been
available, he would have had much less confidence in his determination that routes between the two
thunderstorm complexes could safely continue. He surmised that, without CIWS, he may have been
convinced that the large gap in weather was going to fill in based upon only WARP or ETMS. He added
that the “easier” decision (measured in terms of the time he took to use CIWS to diagnose the situation
and then, after the decision, to iteratively monitor continued traffic flows through a weather-impacted
region) would have been to shut off the routes in question, ground stop traffic, and wait for
improvements. Had this alternate decision been reached, increased delays at multiple airports would have
been substantial.
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1730 UTC

1830 UTC

M min 60 min 120 min

18:45 ELAC e ZBW:PrecipFcst

CIWS 30-min Precipitation Forecast
Valid at 1845 UTC

Figure 3-10. Flight track and WSI composite reflectivity, provided by Flight Explorer, at (A) 1730 UTC and (B)
1830 UTC on 06 June 2005, depicting all airborne aircraft at each respective time, and (C) the CIWS 30-min
Precipitation Forecast product.

High-quality, CIWS-assisted ATC decisions, such as those exemplified in this Section, requiring extra
near-term effort to reap significant airspace capacity enhancement benefits, were observed at each
ARTCC and on every convective weather day studied in the 2005 CIWS benefits assessment campaign.
This delicate balance between the quality of weather impact mitigation plans and the time/effort required
to develop and implement plans must be considered when attempting to assess ATC productivity
enhancements attributed to decision support tools, especially since extra work at one facility may result in
significant workload savings at others.
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3.4 CIWS OPERATIONAL EFFECTIVENESS CHANGES FROM 2003 TO 2005

Two other important objectives of the 2005 CIWS operational effectiveness assessment were to:
e Confirm previously established CIWS benefits categories and identify new applications
e Determine if the frequency of realized CIWS delay reduction benefits had changed since 2003

The CIWS operational effectiveness benefits categories and their frequency per ARTCC per convective
weather day are presented in Table 3-4. Frequencies of CIWS benefits are color-coded to denote
increases or decreases in the rate of CIWS usage per ARTCC in 2003 vs. 2005. The rate at which CIWS
improved the quality of ATC weather impact planning decisions has increased significantly since 2003'.
For example, use of CIWS to improve convective weather rerouting (Table 3-4, Category 3) increased by
more than 100% since 2003 at all ARTCCs included in both studies.

TABLE 3-4
CIWS Benefits Categories and Frequency per ARTCC per Convective Weather
Day

Benefit Category ZMP

(1) Keeping routes open longer and/or reopening closed

. 2.0
routes earlier

(2) Closing routes proactively 0.2

(3) Proactive, efficient reroutes 3.8

(4) Improved Ground Stop program management

(shorter/fewer stops, ground stops avoided, more 0.5

efficient use of ground stops) |:| 0 —-100% increase from ‘03

(5) Reduced MIT restrictions (proactive management of

; Il > 100% increase from ‘03
routes in use)

0.3

(6) Traffic directed through gaps 05 [] decrease from ‘03

(7) Improved management of weather impacts on |:| no change from '03 or

15

terminal ATA/DTA’s new user
8) O_ptimization of runway usage; enhanced runway 0.0

planning

(9) Improved Ground Delay program management 0.0

(10) Greater departures during SWAP 0.5

(11) Directing pathfinders 0.7

(12) Interfacility, intrafacility coordination assistance 9.0

(13) Improved safety 0.2

(14) Reduced workload (includes proactive impact

mitigation planning) 58

(15) FAA facility staffing assistance 12

(16) Situational awareness 9.5

# Days LL/FAA observers present 6

have CIWS in 2003

**ZMP did not

Category #15 (staffing assistance) was new CIWS benefits classification in 2005

"2See Robinson et al. (2004; Table 7-3) for frequency of ARTCC CIWS benefits in 2003.
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Results per ARTCC in Table 3-4 were multiplied by common annual, climatologically-adjusted
convective weather day metrics in order to estimate annual occurrences of CIWS operational
effectiveness benefits. Complete details on ARTCC convective weather day statistics and the
methodology used to incorporate long-term trends in thunderstorm activity are presented in Appendix C.
A comparison of cumulative estimates of annual CIWS benefit occurrences for ARTCCs included in both
2003 and 2005 field use assessment campaigns is shown in Figure 3-11. The increased frequency in
operational effectiveness benefits is likely due to a combination of (a) CIWS product enhancements such
as the introduction of the 0-2 hour Echo Tops Forecast (Dupree et al. 2006), (b) increased confidence by
ATC users in the deployed CIWS prototype, and in some cases, (c) availability of CIWS displays at
ARTCC Area Supervisor positions (see Section 3.2).

Occurrences of two key CIWS en route operational effectiveness benefits categories, “Proactive
Reroutes” and “Keeping Routes Open Longer”, both of which were analyzed and modeled in great detail
by Robinson et al. (2004), increased by 142% from 2003 to 2005 (see Figure 3-11) . A comparison of
CIWS product usage in 2003 vs. 2005 for these two types of ATC benefits illustrates the greater reliance
on established and new CIWS technology (Figure 3-12). Usage of all CIWS products increased in 2005.
The 0-2 hour Echo Tops Forecast, which was developed in response to the observed importance of echo
tops to traffic management, was not introduced until 2005. Despite being a new product previously
unfamiliar to FAA field users, use of Echo Tops Forecasts in 2005 for enhanced jet route management
exceeded the rate of use of established Precipitation Forecasts in 2003, underscoring the importance of
storm height predictions to air traffic managers.
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Figure 3-11. Estimate of annual occurrences of CIWS benefits realized at 5 ARTCCs in 2003 vs. 2005. Two
specific en route benefit categories, “Proactive Reroutes” and “Keeping Established Routes Open
Longer/Reopening Closed Routes Earlier”, are highlighted to indicate the increased user frequency for realizing
these significant delay and workload saving applications.
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Figure 3-12. Frequency of CIWS Product Usage in 2003 vs. 2005 to achieve two primary CIWS en route
operational effectiveness benefits: (A) Keeping Routes Open Longer and (B) More Proactive, Efficient Reroutes.
Results demonstrate (1) the substantial increase in usage of all CIWS products for realizing these two types of
benefits, and (2) the importance of Echo Tops information for achieving improved jet route management benefits.
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3.5 ARTCC/TRACON WEATHER IMPACT PLAN COORDINATION ENHANCEMENTS
ATTRIBUTED TO CIWS

Effective management of aircraft as they transition between en route and terminal airspace within an
ARTCC is essential for optimal, seamless ATC operations in the NAS network. Its importance is
amplified in the Great Lakes and East Coast traffic corridors, where large, high-demand terminals coexist
in a high-demand en route airspace environment nominally operating near full capacity. Mitigation of
convective weather impacts on transition airspace operations can not only reduce air traffic delay, but can
greatly reduce airspace complexity that may otherwise limit ATC productivity.

Significant benefits pertaining to improved decisions in arrival/departure transition areas (ATA/DTA)
have been achieved through the use of CIWS (Robinson et al. 2004; Figure 3-11, this Report). During the
2005 benefits assessment campaign, traffic managers and Area Supervisors were observed using CIWS
products during several weather impact situations to develop and execute more proactive, higher-quality
ATA/DTA traffic routing decisions. Below is an example of ARTCC applications of CIWS that
enhanced ATA/DTA management.

ZOB, 30 June 2005, 1415-1600 UTC: As a large, solid squall line approached Detroit (D21) TRACON,
traffic managers at ZOB, D21, and Northwest Airlines (NWA), for which DTW airport serves as a hub,
were concerned that the convective weather would reach the terminal before the completion of a large
East Coast arrival push (Figure 3-13A). There was additional concern as to the continued availability of
ATA/DTA airspace south of D21 as the squall line progressed towards this region. Collaborations
amongst these parties based upon the CIWS 60, 90, and 120 min Precipitation Forecasts led to the
decision that arrivals from the east could safely land at DTW before the squall line reached the terminal,
and thus were allowed to proceed at nominal demand (Figure 3-13B). As thunderstorms impacted DTW
ATA/DTA airspace south of the TRACON, CIWS VIL Precipitation, Storm Motion, Growth and Decay
Trends, Echo Tops, and Precipitation and Echo Tops Forecast products were used by ZOB to keep routes
open longer by way of tactical deviations (when needed). In addition, using impact timing based upon
CIWS Forecast and Storm Motion products, ZOB was able to delay the closure of DTW southwest arrival
and departure fixes, thus postponing moving this traffic to the southeast cornerpost and avoiding delays
that would have resulted due to prolonged capacity restrictions.

In this instance, improved management of en route/terminal transition airspace derived from CIWS
information helped increase ATC productivity. This increase resulted in significant air traffic delay
reductions since the use of available airspace during a highly-intrusive convective weather impact was
optimized. Specifically, by ensuring that controllers had aircraft in their sectors when the weather was in
their favor and limited traffic in their sector when convective weather prevented efficient traffic routing,
controller efficiency was maximized, and productivity was high.
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30 June 2005

1423 UTC

30 June 2005
1513 UTC

Figure 3-13. CIWS VIL Precipitation and DTW arriving (red) and departing (white) traffic at (A) 1423 UTC and
(B) 1513 UTC on 30 June 2005.

The ability to develop and execute these weather impact mitigation plans in a timely manner was likely
enhanced through common situational awareness on the part of all traffic management facilities impacted
by the event. During this storm impact event, traffic managers at D21 TRACON, NWA, and at ZOB (in
Areas, and numerous positions within the TMU) all had access to CIWS, and used it to improve
interfacility plan coordination. Observations of traffic management operations demonstrate that common
access to CIWS weather products is extremely beneficial when attempting to coordinate plans that are
aggressive and seek to maintain significant traffic demand despite what at first glance appears to be
extremely disruptive thunderstorm events.

Of all ARTCCs with access to CIWS where TFM observations were conducted in 2005, ZOB proved to
be most proficient in realizing CIWS benefits relating to improved management of ARTCC/TRACON
transition airspace during convective weather impacts (Table 3-5). In fact, ZOB made improved
transition airspace management decisions, derived from CIWS, at a rate approximately 30% greater per
convective weather day than all other facilities under investigation combined. Reasons for this disparity
may likely be due to unique ZOB attributes pertaining to proliferation of CIWS displays and available
TMU staff. Only at ZOB were plan development, coordination, and execution decisions for improved
ARTCC/TRACON transition airspace management facilitated by CIWS access at all of the following
FAA inter/intra-facility coordination points (Table 3-6):
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ARTCC TMU

All ARTCC TMU spacing positions
ARTCC Areas Supervisor positions

All large TRACONS within parent-ARTCC
All neighboring ARTCCs

M

At ZOB, all four nominally-manned spacing positions in the TMU have direct access to CIWS displays.
There are seven total CIWS displays in the ZOB TMU. Each of the three largest TRACONS in ZOB
airspace, Detroit (D21), Cleveland (CLE), and Pittsburgh (PIT), also has access to dedicated CIWS
displays. In addition, CIWS displays were also available at some ZOB Area Supervisor positions.
Common access to CIWS among these FAA parties allows for direct coordination of plans addressing
transition airspace concerns between the TMU Supervisor, TMU spacing positions, TMU Area
Supervisors, and TRACON traffic managers. This in turn increases the likelihood of implementing
aggressive TFM strategies that increase ATC productivity and reduce delay when ARTCC/TRACON
boundaries are impacted by convection. Increased benefits however are not only due to improved
coordination through common viewing of CIWS products, but also because more traffic managers are
able to utilize CIWS to recognize opportunities and devise plans for more effective transition airspace
management, further increasing productivity. Moreover, given that effective, proactive transition airspace
impact planning often involves tactical management at time and flight distance horizons beyond the
impacted ARTCC, coordination of CIWS-enabled ATA/DTA decisions within ZOB is further aided by
common situational awareness of this weather decisions support tool by all neighboring ARTCCs (ZAU,
ZID, ZDC, ZNY, and ZBW).

By comparison, ZDC currently lacks many of the elements that allow ZOB to achieve increased
ARTCC/TRACON transition airspace management enhancements. Specifically, unlike ZOB, ZDC:

Does not man all TMU spacing positions

Does not have access to CIWS at all TMU spacing positions
Contains a large TRACON (PCT) that does not have access to CIWS
Has neighbors that do not have access to CIWS (ZTL, ZJX)

Although more detailed analysis is needed, our TMU observations and preliminary analyses strongly
suggest that greater proliferation of dedicated CIWS displays both within the ARTCC TMU (Areas, TMU
spacing positions), at TRACONS within the ARTCC, and at all neighboring ARTCCs significantly
increases ARTCC/TRACON transition airspace management benefits.
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TABLE 3-5

CIWS ARTCC/TRACON Transition Airspace Management Benefits
per ARTCC in 2005

Use of CIWS for Improved

Management of Weather

ARTCC Impacts on ARTCC/TRACON
Transition Areas

(per Convective Weather Day)
ZMP 15
Z0B 4.3
ZDC 0.8
ZAU 0.7
ZNY 0.0
ZBW 0.3

TABLE 3-6

CIWS Availability Comparisons

CIWS available at: ZOB | ZDC | ZMP | ZNY | ZAU | ZBW
ARTCC TMU YES | YES | YES | YES | YES | YES
All TMU spacing positions YES | No No No No No
ARTCC Areas YES | YES | YES | No No No
'I&aRr_Igé'cl':RACONS within parent vES | No No | YEs | YES No
All neighboring ARTCCs YES | No No | YES | YES | YES
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4. WEATHER IMPACT PLANNING AT ARTCC WITHOUT CIWS

The design of the 2005 CIWS benefits assessment campaign included CIWS “baseline” observations at
two ARTCCs without access to CIWS: Atlanta (ZTL) and Jacksonville (ZJX). With in situ observations
available at ZTL and ZJX, comparisons of TMU operations, with and without access to CIWS, can be
made and CIWS benefit estimates can be better validated. To date, analysis of observation data has been
completed only for ZTL, which is therefore the focus of this Section.

Observations of TMU activity at ZTL during seven convective weather days revealed three primary
points of emphasis, as they relate to productivity benefits of CIWS and comparisons with this “non-
CIWS” ARTCC:

1. ZTL operations, where primary focus is placed on servicing ATL traffic flows, is very
different from the neighboring ARTCCs (specifically ZDC, where CIWS is widely
accessible)

2. ZTL airspace management is aggressive, and weather impact mitigation decisions are made
as quickly as at neighboring ARTCCs with CIWS, using other decision support tools

3. ZTL TMU personnel acknowledge, and post-analyses confirm, that their weather planning
decisions, though often made quickly, can at times be less proactive and thus less optimal
(from standpoint of delay reductions and ATC complexity mitigation) than they would be
with access to tactical decision support information provided by CIWS

Each of these points is discussed below.

41 ZTL OPERATIONS AND GENERAL COMPARISONS TO ZDC

The busiest passenger airport in the world is Atlanta Hartsfield-Jackson International Airport (ATL).
ATL is the primary hub for Delta Air Lines, and serves as a major connection point for destinations
throughout the U.S., as well as international flights. Arrivals and departures to and from this one airport
account for 25-30% of all air traffic within ZTL. Servicing en route traffic to and from ATL is the
primary operational task of the ZTL TMU.

Given high and nearly continuous, daily ATL traffic demand, ZTL, working closely with the Atlanta
TRACON (A80) and ATL Tower, seek to keep constant pressure on the airport to ensure that use of
available arrival and departure slots are optimized and delays are minimized. The sector configuration of
ZTL, with ATL in the middle and sectors funneling into and out of A80 in all directions, helps facilitate
optimal ATL traffic efficiency (Figure 4-1). The terminal-centric airspace design of ZTL differs
significantly from the airspace configuration of ZDC, where over-flight traffic is more predominant and
sectors are configured to optimize traffic flows between the Northeast (metro NY, PHL, and BOS) and
ATL and Florida (see Figure 4-1).

Analyses of flight tracks through ZTL reveal the aggressive traffic flow management approach of the
TMU. Jet routes are rarely closed during convective weather events. Instead, aircraft are often allowed to
deviate around weather as necessary, returning to their prescribed flight path when able. Reroutes are
commonplace, but in comparison to other ARTCCs, are generally more localized and short-lived.
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Due likely to differences in airspace configuration and over flight air traffic demands, route closures and
increased reroutes are a greater necessity in ZDC during convective weather impacts. ZDC sectors,
running northeast to southwest and surrounding key over flight jetways, are narrower than ZTL sectors,
which means there is less room to deviate before coordination with a neighboring sector (and extra
controller workload) is required (see Figure 4-1). Conversely, ZTL may be more apt to leave routes open,
with considerable deviations. The reason for this is that ZTL has much more short-term control of
airborne volume in their airspace, since roughly one in four flights in this Center is bound for, or
departing from, ATL. If route deviations within ZTL become too severe, the TMU can request a
departure stop at ATL and receive almost immediate volume relief. Then, once this airborne traffic
concern is met, ATL can be released and nominal flows resume just as quickly.13 ZDC, however, often
manages traffic from large airports outside of their Center and therefore can not quickly stop/restart flows
for tactical route management. Instead, routes in ZDC with significant deviations are often closed to
prevent sector overloads that can not be more quickly protected against, as in ZTL.

Figure 4-1. ZDC and ZTL ARTCCs (boundaries in red), showing high sector boundaries (white) and high-altitude
jet routes (dashed blue). Circle in ZTL ARTCC marks the Atlanta TRACON (A80) boundary, with ATL airport in
the center.

Btis important to note that a total ATL departure stop would be extremely rare. Most often, departure restrictions
would be used, and would only be placed on the departure gates necessary to resolve the problem at hand (e.g.,
single stream out of north gate, two streams (standard) but with MIT restrictions (10-20), or completely close a gate
or two based on weather). Only after all other restrictions out of all gates failed to resolve the problem would a full
ground stop be placed on ATL.
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Additionally, given the sector configuration of ZTL (wider sectors, designed to service ATL operations),
and the ability for ZTL to quickly restrict the dominant flows in the Center, ZTL is in better position to
accommodate holding stacks than ZDC. Knowing that holding is still a reasonable option should airborne
volume swamp routing capabilities during storm impacts, ZTL may be more apt to keep routes open
during what appears to be a significant convective weather event. Because of the large, daily ATL traffic
demand, holding is standard operating procedure in ZTL and can happen numerous times per day,
regardless of weather'.

42 ZTL TMU “HIGH-QUANTITY” WEATHER IMPACT MITIGATION DECISION-
MAKING

ZTL TMU observations during convective weather impacts revealed that in general, convective weather
impact mitigation planning decisions were made just as quickly as at ARTCCs with access to CIWS. As
ZTL traffic managers sought to keep constant pressure on ATL, even during thunderstorm events, they
were forced to make rapid decisions based upon weather decision support tools available. These tactical
planning decisions were the best possible decisions based upon the information available. But, lacking
specific tactical convective weather decision support information provided by CIWS, some decisions may
not have been optimal and at times, missed opportunities for more efficient TFM occurred.

Recall from Figure 2.2 that there is a tradeoff in traffic flow management between the time available to
make a decision and the quality of that decision. Increased TFM productivity can reduce the time needed
to make a decision, improve the quality of the decision, or both. At ZTL, where CIWS is unavailable,
traffic managers were often unaware that potentially higher-quality plans, illustrated by this decision
support tool, were a possibility and thus, made very quick decisions based on other tools at their disposal.
By contrast, ZDC, bordering ZTL and managing traffic during similar convective weather impacts, made
decisions in roughly the same time as ZTL, but decisions derived from CIWS were considered higher
quality, as measured by both the increased efficiency in using available airspace and the confidence in
these decisions by ARTCC personnel. ZDC traffic management personnel informed observers that they
often do not consider themselves fully informed to make a weather impact mitigation decision without the
detailed CIWS information on echo tops, growth and decay trends, and high-resolution precipitation and
storm height forecasts. Since they have come to expect these data, estimates from TMCs of time savings
for devising a plan and implementing it at ZDC were based upon what extra time they felt would have
been needed to either obtain similar, detailed weather information from the CWSU, or to attempt to
extrapolate this information from other tools, had CIWS not been available. In other words, CIWS has
allowed this ARTCC to devise higher quality weather impact mitigation plans in a much more timely
manner. ZTL excels at aggressive airspace management during convective weather impacts, and makes
decisions quickly with the TMU tools available, but access to CIWS would also likely improve the
quality of some planning decisions and further improve TFM in this ARTCC.

4.3 IMPROVING ZTL WEATHER IMPACT MITIGATION PLAN QUALITY WITH CIWS

In Section 3.3, it was discussed that in addition to TMU plan development time savings, another,
potentially more important manner in which ATC productivity enhancements from CIWS are defined is
in terms of the development of proactive, higher-quality decisions that reduce airspace complexity and
decrease airspace management workload at multiple facilities, even at the expense of increased near-term
plan development effort. Observations confirmed that the ZTL TMU makes quick weather impact
decisions. The potential difference between ZTL and other ARTCCs with access to CIWS, such as ZDC,

' Allan and Evans (2005) has a number of figures that show the extent of holding both within ZTL and in ARTCCs
north and west of ZTL when convective weather is present in this ARTCC.
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is that the quality of some decisions at ZTL may not have been optimal. Access to CIWS at ZTL may
have provided more opportunities to improve traffic flow management efficiency. Identification of
potential missed opportunities for proactive and/or more efficient plan development and execution at ZTL
is considered by the authors as the best approach for using non-CIWS ARTCC observations to support
productivity enhancement assessments at CIWS-enabled ARTCCs.

During the 2005 storm season, ZTL TMU personnel, without access to CIWS, but with basic knowledge
of the information it provides, were already aware of limitations of their available weather decision
support tools and how CIWS could address deficiencies in weather impact mitigation planning.
Following is a sample of ZTL TMC feedback gathered during the CIWS field campaign documenting
examples of current tactical planning shortcomings, and how CIWS may help to address these concerns:

e ZTL, 27 June 05 - 2027 UTC: Significant storms were present along the ZTL/ZJX border. The
ZTL TMU was having a difficult time deciding on a reroute. The STMC stated, “[CIWS] growth
and decay info and a forecast loop would have saved us 10 — 20 minutes”.

o ZTL, 27 June 05 — 2222 UTC: Weather was blocking Charlotte Airport (CLT) westbound
departures. Weather was decaying but it took the TMU 10 minutes to confirm this trend (using
ITWS, WARP, CWSU). The STMC stated that explicit storm trends information (available via
CIWS) would have given him “at least a 15 minutes heads-up”.

e ZTL, 29 June 05 — 1748 UTC: ZID requests that northbound flights be capped at Flight Level
(FL) 230 because they are unable to get above the thunderstorms. ZTL honors the request, but
complains that the only storm tops reports they have are on ETMS. ETMS at the time showed
many scattered storms in the area, but only one tops report of 45 kft covering over 100 miles of
airspace. With only this echo tops information, ZTL could not identify a more suitable plan.

o ZTL, 29 June 05 — 1859 UTC: ATL arrivals from NY were landing over the Macey fix,
northeast of the airport. The TMU was unsure if convective activity would build and intensify. A
three-step contingency plan was developed should storms grow and impact the Macey fix. Storm
activity did not intensify, the fix remained clear, and the extra planning was not required.

o ZTL, 29 June 05— 2145 UTC: A level 3 storm was present immediately northwest of the ATL
runways. The TMU was concerned about the potential impact on a heavy arrival push expected
over next hour (115 aircraft). The storm strengthened to level 4, but precipitation fell on only the
western half of the runways during the push. No action was taken by the TMU because they “had
no idea what this cell was doing”. A TMC stated that the CIWS Trends product would have been
extremely helpful in this situation.

Based upon analysis of flight track data, and what is known of the specific, “airport-centric” airspace
configuration, significant traffic management tasks for a single terminal, and operational approaches that
stress aggressive route management (described in Section 4.1), the primary potential benefits of CIWS in
ZTL are considered to be:

1. Improved operational efficiency of Arrival/Departure en route Transition Areas (ATA/DTA),
including improved tactical reroute efficiency

2. Improved use of departure restrictions
3. Improved efficiency in managing holding stacks

4. Improved Ground Stop and Ground Delay Program efficiency
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Two ZTL “missed opportunity” examples, where CIWS may have increased operational efficiency and
reduced ATC workload, are as follows:

1. 12 July 2005, 1700 - 1900 UTC: A cluster of thunderstorms developed in central ZTL, just west of
A80 TRACON, after 1600 UTC. This cluster intensified slowly for the next hour, then began rapidly to
fill in and form a near-solid line after 1700 UTC. During this period, ATL west gate arrivals and
departures were allowed, at reduced rates, to pick through gaps in en route ZTL convection. However, by
1745 UTC, aircraft arriving at ATL refused to penetrate weather just outside the A80 TRACON, resulting
in several unexpected and disruptive deviations (Figure 4-2A).

Specifically, at least 12 ATL arrivals in en route airspace made sharp deviations as they scrambled to
other weather-free arrival fixes. This resulted in significant increases in ZTL workload since, with little
notice, controllers and traffic managers had to react to:

e Arriving traffic deviating into neighboring sectors. Each of these flights required that controllers
call neighboring sectors when they approached 2.5 miles of the sector boundary. Since deviations
were unexpected, some aircraft, particularly those deviating near the TRACON boundary
required immediate coordination and attention for reroutes and sector hand-offs, likely causing
controllers to scramble to complete these tasks.

e Arrivals unexpectedly deviating and crossing departure flows close to the TRACON boundary,
significantly increasing complexity and safety concerns, and controller workload. This situation
also resulted in increased ATL departure delays as one of two westbound departure streams had
to be stopped to accommodate the deviating arrivals.

e Inbound ATL traffic, outside of ZTL, still on this now-closed route. As a result, quick, unplanned
reroutes that must be coordinated with neighboring ARTCCs [Figure 4-2A; circled flights in
Memphis ARTCC (ZME) airspace] were required.

In addition, after initially accommodating the unexpected deviations, unscheduled reallocation of ATL
arrivals to fixes that remained open had to be coordinated (Figure 4-2B), further increasing traffic
management and controller workload. One possible consequence of scenarios such as this is an increased
safety concern, as affected controllers likely had less time to provide extra attention in directing aircraft
lacking onboard weather radars through weather-impacted airspace.

A comparison of CIWS and CCFP convective weather forecast information (Figures 4-2C, D)
demonstrate how CIWS availability at ZTL may have allowed for more proactive decision-making.
While the CCFP forecast, valid at 1700 UTC, predicted, with low confidence, only a small “low
coverage” region of potential convective weather, the CIWS one-hour forecast, predicting an intensifying,
solid squall line of convection west of A80, more accurately represented the seriousness of the
thunderstorm impact. Had this CIWS forecast information been available at ZTL, traffic managers would
have had a better understanding of the expected convective weather impact on key en route/terminal
transition airspace northwest of ATL, possibly motivating them to proactively develop SWAP reroute
plans.

It is worth noting that even with the unexpected deviations due to weather, and subsequent workload and
airspace complexity concerns, ZTL and A80 TRACON still managed to react quickly and adopt a well-
devised reaction plan that maintained significant ATL traffic flows. However, the ability to react to
unexpected, chaotic traffic flow patterns may be constrained now that the new, fifth ATL runway is
available (Figure 4-3). With now three arrival runways, ATL arrival capacity increases by 33%. The
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need for improved weather decision support information provided by CIWS will be even more important
if increases in operational efficiency are to keep pace with projected increases in air traffic.

1745 UTC
A

CIWS 1-hour Precip Forecast ]
valid 1700 UTC CCFP 2-hour Forecast — Valid 1700 UTC

Figure 4-2. Flight tracks and WSI composite reflectivity information, provided by Flight Explorer, showing ATL
arrivals (red) and departures (black) at (A) 1745 UTC and (B) 1800 UTC on 12 July 2005, and (C) CIWS 1-hour
Precipitation Forecast product, valid at 1700 UTC, and (D) CCFP 2-hour forecast, valid at 1700 UTC. ATL
arriving flights that deviated unexpectedly are circled in (A). Boxed region in (B) denotes ATL arrival stream moved
unexpectedly to another arrival fix in order to accommodate deviating arrivals from the west.
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Figure 4-3. Available ATL runways after completion of southernmost, fifth runway (red box) (FAA, 2003).

2. 14 July 2005, 2100 UTC: Numerous clusters of unorganized convection were present throughout
ZTL airspace. Holding stacks for ATL arrivals were intermittently required to help manage short-lived
convective weather impacts on A80 arrival cornerposts. At 2100 UTC, ATL arrivals were holding at
published holding areas southeast and northwest of A80 TRACON (Figure 4-4; NW holding pattern
circled in white). At this time, the sector controller managing holding aircraft in a published stack
northwest of the airport accepted additional aircraft in the sector, to be added to this stack. Once the
sector controller accepts these aircraft, they are his/her responsibility and passing them back to the
delivering sector is unlikely. Unfortunately, storms present in this sector intensified before these
additional aircraft could be added to the published holding stack. As a result, these flights were forced to
hold in an unpublished holding stack in the northwest corner of this sector (Figure 4-4; red circle).

From the standpoint of pilot and controller workload, considerably less effort is required to hold aircraft
at published holding locations. When using published holding patterns, controllers can quickly advise
pilots to “hold as published” at a specific hold location. When aircraft are forced to hold at unpublished
locations, controllers must describe the holding location in detail to each pilot going into the stack.
Moreover, use of unpublished holding areas often requires on-the-spot investigations by the controllers as
to whether holding in a particular area satisfies legal safety standards, such as (a) is the holding stack too
close to neighboring sectors, or (b) will the stack impact other flows, etc. In these situations, more
coordination and controller workload is required.

During the 14 July convective weather event, if ZTL ATC personnel had had access to CIWS, use of the
storm Growth Trends product may have alerted traffic managers and controllers that the storm cluster
northwest of the TRACON was intensifying and would prevent flights from reaching the published
holding stack. In that case, ZTL might have instead held these additional aircraft at the published ATL
holding area immediately west of the unpublished holding stack. This would have significantly reduced
short-term controller workload and mitigated ZTL airspace complexity issues.

Finally, as discussed in the previous “missed opportunity” example, ZTL productivity enhancements and
improvements in operational effectiveness will become more important once the fifth ATL runway (third
arrival runway) becomes available and traffic volume substantially increases. In 2005, With four ATL
runways available, there were more than 100 ATL arrivals within one hour of the airport during peak
traffic periods. With the opening of the fifth runway in 2006, there could be more than 150 arrivals
within one hour of ATL airport. Given the numerous thunderstorms in ZTL during the summer SWAP
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season, and the aggressive management style of ZTL, A80, and ATL tower, efficient management of
holding patterns will become even more important in the near future. Access to CIWS at ZTL could
prove to be useful in meeting high ATC productivity standards as traffic volume and resultant complexity
concerns continue to grow.

Figure 4-4. Flight tracks and WSI composite reflectivity information, provided by Flight Explorer, at 2100 UTC on
14 July 2005. ATL arrivals are in red, while departures are black. Circled aircraft denote two holding patterns
within one sector: white circle denotes a published holding stack, which requires less controller workload to set up
and manage; red circle denotes an unpublished holding stack, requiring more controller workload to coordinate.
Depictions of intensifying convection between these two holding region (e.g., through the CIWS Growth Trend
product (not shown)) may have alerted ZTL traffic management that additional aircraft en route to the published
holding stack should be held at the published holding area in the neighboring sector to the west. This would have
reduced controller workload and airspace complexity.
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5. QUANTIFIED 2005 CIWS DELAY SAVINGS

The results presented in Section 3 show that an important component of improved ATC productivity
provided by CIWS is the identification and implementation of higher quality weather impact mitigation
plans. In this context, higher quality plans are those which increase the use of available capacity and/or
maintain nominal airspace structure and traffic flow predictability. In this Section, this enhanced
effective capacity during adverse weather is translated into delay and cost savings for the NAS
stakeholders and customers (particularly, the commercial airlines and air travel passengers).

Based on the 2003 observations, the preliminary estimates of annual CIWS delay and operating/passenger
cost savings, attributed to improved jet route capacity and more proactive, efficient rerouting schemes,
exceeded 40,000 hours and $125M *° (Robinson et al. 2004; Tables 7-10, 7-11). Substantial increases in
2005 in the rate of capacity-enhancing decisions made with CIWS (see Table 3-4, Figures 3-11, 3-12; this
report), combined with higher airline operating costs (largely due to historical gains in jet fuel prices),
suggest that CIWS delay savings have increased dramatically compared to the 2003 estimates.

Presented in this Section is a review of the methodology used in past studies to estimate annual delay and
cost savings based upon daily CIWS observations. Using 2005 benefits frequencies and airline operating
cost metrics, the annual CIWS delay savings estimates have been recalculated. Finally, jet fuel cost and
consumption savings, attributed to beneficial traffic management decisions derived from CIWS are
presented.

5.1 METHODOLOGY OVERVIEW FOR ESTIMATING ANNUAL CIWS DELAY SAVINGS

The method for quantifying annual CIWS delay savings based upon field-use observations in 2005 uses
the methodology in the benefits assessment studies conducted in 2003-2004 (Robinson et al. 2004).
Complete details of this methodology are available in Chapters 5 and 7 of Robinson et al. (2004).

A summary of the approach for estimating annual delay savings within the framework of an in situ field-
use observation campaign is presented in Figure 5-1. Specifically, with this approach, annual CIWS
delay savings attributed to specific benefits applications (e.g., keeping jet routes open longer) can be
determined when the variables in the following equation are known quantities, and results are summed up
for all ARTCCs under study:

Asi = Y [Msi*(FDgi*Y)] (Eq. 5-1)

ARTCC

Ag;:  Annual Delay Savings for Benefits Category, B;, where i ranges from 1 to N

Mg;:  Mean/Median ARTCC delay savings benefit (time or monetary) per decision for
Category, B;

FDg;i: Frequency of Benefit B; per Convective Weather Day per ARTCC

Y: Climatologically-based frequency of convective weather days per ARTCC per year

Summing annual delay savings from all individual CIWS benefits categories, B; to By, yields total annual
savings.

' These CIWS delay reduction benefits estimates do not include downstream airline operating cost savings.
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CIWS Benefits Assessment Approach in 2003 and 2005

Multi-Day Post-Event Interviews
Observation Periods
« User feedback on CIWS Usage
< Document product usage « Includes non-observation periods
« ldentify CIWS applications and other facilities not visited

L Identification of CIWS Benefits Categories J

Quantifiable Categories 1...N

— -~ - -

Detailed Case Study Analyses

* Cases randomly selected from
Category 1...N sample sets

» Delay reduction modeling
(“Linear”, "Queue”, “Mixed")

-
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Avg Delay Savings for Quantified CIWS Benefits Categories
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Figure 5-1. Methodology used to estimate 2003 and 2005 CIWS annual delay reduction benefits. The 2003 results
for ‘Average Delay Savings for CIWS Benefits Categories’ were used with 2005 estimates of the ‘Frequency of
Improved ATC Decisions’ to arrive at the 2005 annual delay benefits estimate.
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5.2 ANNUAL FREQUENCY OF BENEFICIAL DECISIONS DERIVED FROM CIWS

Delay savings estimates in 2003 and 2005 focus on two primary CIWS benefits categories: Keeping Jet
Routes Open Longer (ROL) and Proactive, Efficient Reroutes (PRR). Observed ROL and PRR benefits
per convective weather day per ARTCC in 2003 and 2005, rolled-up by annual, climatologically-adjusted
convective weather days (see Appendix C) to determine ARTCC benefit frequency per year, are
presented in Table 5-1. The results in the right columns correspond to the term (FD * Y) in Eqn. 5-1.

TABLE 5-1

2003 and 2005 CIWS Benefits Frequencies per ARTCC for Categories, “Keeping
Routes Open Longer” (ROL) and “Proactive, Efficient Reroutes” (PRR)

2003 2005 2003 2005 Climo-
ROL ROL | ‘05/°03 | PRR PRR | ‘05/°03 | based 2003 2005 2003 2005 2003 2005
ARTCC per per ROL per per PRR Annual | Annual | Annual | Annual | Annual Annual Annual
Storm | Storm | Ratio | Storm | Storm | Ratio Storm ROL ROL PRR PRR Combined | Combined
Day Day Day Day Days
ZAU 0.8 1.2 1.5 0.3 2.2 7.3 111.2 89.0 1334 334 244.6 122.4 378.0
ZID 1.1 N/A N/A 0.4 N/A N/A 103.5 113.9 113.9 41.4 41.4 1553 155.3
Z0B 1.9 5.2 2.7 1.1 4.9 4.5 90.2 171.4 469.0 99.2 442.0 270.6 911.0
ZDC 3.4 5.2 1.5 1.7 4.8 2.8 102.8 349.4 534.6 174.8 493.4 524.6 1028.0
ZBW 1.7 2.8 1.6 0.1 2.8 28.0 68.7 116.8 192.4 6.9 1924 123.7 384.8
ZNY 1.5 L5 1.0 1.0 2.0 2.0 69.3 104.0 104.0 69.3 138.6 173.3 242.6
TOTAL 10.4 17.0 4.6 17.1 944.5 1547.3 425.0 1552.4 1369.9 3099.7
ZMP * N/A 2.0 - N/A 3.8 1112t N/A 222.4 N/A 422.6 N/A 645.0
TOTAL+ZMP 104 19.0 4.6 20.9 944.5 1769.7 425.0 1975.0 1369.9 3744.7

- ROL benefits statistics shaded blue
- PRR benefits statistics shaded yellow
- 2005 CIWS benefits statistics in red

* CIWS benefits frequencies for ZMP were only available for 2005

T Limited resources prevented development of ZMP climatologically
adjusted annual convective weather day statistic, so annual storm
day metric from nearest ARTCC (ZAU) was used

The annual ROL and PRR benefit frequencies for 2003 in Table 5-1 differ from annual benefit tallies in
Robinson et al. (2004). These latest results are considered more accurate because, unlike the earlier
study, annual ARTCC convective weather day metrics now account for climatology (Appendix C) and are
therefore not biased by transient trends in annual thunderstorm occurrences. The ratio of ROL and PRR
benefits in 2005 vs. 2003 is presented for each ARTCC. Since Indianapolis ARTCC (ZID) was not
included in the 2005 CIWS field-use assessment, 2005/2003 benefits ratios for this facility were set to
1.0. The assumption that the achieved benefits frequencies within ZID in 2005 matched those of 2003 is
very conservative, given that realized ARTCC benefits from 2003 to 2005, particularly for those ARTCCs
immediately bordering ZID (ZAU, ZOB, ZDC), increased substantially.

The annual benefit frequencies in Table 5-1 for 2003 vs. 2005 further highlight the increases in CIWS-
derived capacity-enhancing decisions in 2005 already discussed in Section 3-4 (see Table 3-4, Figures 3-
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11, 3-12). Even with conservative estimates for ROL and PRR benefit frequencies at ZID, the annual
frequency of CIWS benefits increased 126% from 2003 to 2005."°

5.3 2003 AND 2005 CIWS ANNUAL DELAY AND COST SAVINGS ESTIMATES

5.3.1 Methodology used to estimate CIWS cost savings from the annual frequency of
various benefits

To determine 2003 annual delay savings for a specific CIWS benefit category, randomly selected case
studies from each ARTCC were analyzed to determine mean/median delay reduction benefits (Robinson
et al. 2004). These average delay savings per beneficial decision provide the term (Mg;) in Eqn. 5-1.
Analysis of 27 benefit case studies in 2003 was challenging, as each case was unique, often requiring a
mix of delay modeling assumptions (linear, queue, or mixed-mode delay estimation techniques), airborne
vs. on-the-ground incurred delays, direct vs. downstream delays, and airline operating vs. passenger cost
estimates. The following are documented in Robinson et al. (2004):

e Details for case study modeling techniques, estimating downstream delay savings, and converting
hours of delays saved to monetary estimates (Chapter 5)

e Detailed results from each 2003 case study analysis (Appendices B and C)
e Discussion of case study results for benefit categories, ROL and PRR (Section 7.2)

The following multipliers and/or cost conversions were used to estimate the 2003 total delay reduction
benefits for the various ARTCC case studies:

1. 2003 airline direct operating cost, airborne = $2635 per hour for scheduled commercial aircraft
[FAA APO (2002)]
2003 airline direct operating cost, ground = 0.6 * $2635 = $1581 per hour for scheduled
commercial aircraft [Robinson et al. (2004)]

2. 2003 passenger cost = $2173 per hour for commercial flights [Robinson et al. (2004)]
- 2003 passenger time cost = $28.60 per passenger per hour for commercial flights [APO
Bulletin, APO-03-01 (2003)]
- 2003 avg passengers per flight = 76 [Robinson et al. (2004); Allan et al. (2001)]

3. Total downstream delay = .80 of direct delay [e.g., Beatty et al. (1999); Boswell and Evans
(1997); Hartman (1993); DeArmon (1992)]

4. Downstream operating cost savings = 0
5. Downstream passenger cost = 0.8 of direct passenger cost [Robinson et al. (2004)]

Once delay savings from each case study were determined, mean and median CIWS delay reductions per
CIWS-derived beneficial decision were calculated for ROL and PRR benefit categories. Since case study

'® The annual rate of achieved ROL and PRR benefits in 2005 is 142% greater than in 2003 when estimates include
only the five common ARTCCs included in both CIWS field-use assessment campaigns (i.e., excluding ZID),
matching results presented in Figure 3-11.
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results from 2003 revealed wide spreads in hours/cost of delay saved, representing a wide variety of
queue situations arising in highly-congested airspace (Robinson et al. 2004), median results per ARTCC
were used when feasible. However, due to limited resources, some ARTCCs had only two case studies,
and for these facilities mean delay savings results were used.

The limited sample size for quantified CIWS delay reduction case study events, upon which annual
delay/cost savings in 2003 and 2005 are based, is recognized by the authors as a significant caveat to
CIWS benefits results to date. The 2003-04 CIWS case study results showed that delay reduction benefits
for a given type of decision within one ARTCC could vary by as much as a factor of 50 (Robinson et al.
2004; Table 7-6). This high degree of variability is what one would expect from a network operating
close to capacity, with the various network links impacted differently from one convective weather event
to another (Evans et al. 2006).

The CIWS delay reduction benefits associated with a given decision are modeled as random variables
drawn from a statistical ensemble whose probability distribution has slowly decreasing tails. Since there
were typically 2 or 3 events analyzed per ARTCC in Robinson et al. (2004), the statistical variance
associated with the median (or mean) benefits is undoubtedly high and has not been quantified.

The limited number of cases analyzed per ARTCC in 2003-04 was a consequence of the high analyst
workload associated with analyzing an individual case. In the CIWS domain, the NAS is quite congested
and air traffic flows are complex. Hence, determining what might have been done if a route had not been
kept open can be very difficult. It involves finding a TFM solution for rerouting a number of aircraft in a
situation where the few available alternative routes are highly congested, and this requires considerable
effort.

Limited resources also prevented case study analyses of 2005 CIWS-derived improvements to convective
weather impact mitigation decisions, though several empirical case study investigations were presented in
Sections 3 and 4 of this report. Therefore, ARTCC case study results from 2003 were used to generate
the 2005 CIWS delay savings presented here. All of the above computational metrics from 2003 were
still utilized in 2005, with the exception of estimates for airline direct operating costs (DOC).

Jet fuel prices increased 94% from 2003 to 2005: (Bureau of Transportation Statistics, 2006)

e 2003 average annual jet fuel price = $0.84 per gallon
e 2005 average annual jet fuel price = $1.63 per gallon

Therefore, DOC estimates for 2005 required recalculation. DOC statistics for 18 different air carrier
aircraft types [FAA APO, APO-098-8 - Form 41, 1998 (inflated to 2003)] show that the average
percentage of total DOC attributed to fuel equals 33%. The following arithmetic describes how the 2005
DOC estimate for airborne aircraft is determined:

e 33% of $2635 (2003 DOC) = $870 Avg airborne fuel cost per hour per commercial aircraft

in 2003

o 94% increase from $870 = $1688 Avg airborne fuel cost per hour per commercial aircraft
in 2005

o $1688 + ($2635 - $870) = $3453 DOC (airborne) per hour per commercial aircraft in 2005

e 2005/2003 airborne DOC per hour = 1.31
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The 2003 CIWS benefits case study results showed significant case-to-case variability in delay savings
characteristics, including whether delay reduction benefits per aircraft were achieved in the air or on the
ground (Robinson et al., 2004: Appendices B and C). Therefore, as in 2003, CIWS cost saving estimates
must account for significant variations in fuel burn when airborne vs. on-the-ground. In 2003, the ground
DOC metric used to convert on-the-ground hourly delay reductions to cost savings was 60% of the
airborne DOC metric. The decrease in airborne DOC by 40% represents the significant reduction of fuel
use while on the ground (recall above, 33% of airborne DOC cost in 2003 was for fuel), as well as
reduced flight crew costs when not airborne, as identified by commercial airline industry representatives
(Robinson et al. 2004).

Significantly higher jet fuel prices in 2005 suggest the airborne DOC estimates should be reduced by
greater than 40% to represent the 2005 on-the-ground DOC metric. Re-examining DOC statistics for the
18 air carrier aircraft types in the 2003 FAA APO estimate [FAA APO, APO-098-8 - Form 41, 1998
(inflated to 2003)], substituting 2005 fuel costs, shows the the average percentage of total airborne DOC
attributed to fuel equals 47%, an increase of 14% since 2003. Therefore, decreasing the 2005 airborne
DOC by an additional 14% compared to 2003 (40% in 2003 to 54% in 2005) yields the following on-the-
ground DOC metric for 2005:

o 0.46 * $3453 =$1588/hr (54% reduction in 2005 airborne DOC)
e 2005 (on-the-ground) DOC/hr = 2003 (on-the-ground) DOC/hr

On-the-ground DOC estimates for 2003 and 2005, accounting for differences in fuel prices, are within
$7/hr of each other. For computational ease, and increased conservatism, the 2003 on-the-ground DOC
metric of $1581/hr is used to estimate ground-based cost savings in 2005 as well.

Finally, estimates of average airline direct operating costs (and thus CIWS operating cost savings) in
2005, which account for steep fuel price increases, are considered more representative of out-year DOC
estimates than DOC estimates averaged across previous years (e.g., 2003—2005). The basis for this
assumption is that, despite unprecedented oil supply disruptions in 2005 caused by Hurricanes Katrina
and Rita, resultant higher 2005 fuel prices are more similar than past-year prices to forecasts for fuel
costs through 2007 (Figure 5-2: U.S. Department of Energy, 2006).
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Figure 5-2. Realized crude oil and gasoline prices and cost forecasts through 2007 (U.S. Department of Energy,
2006). WTI = West Texas Intermediate

5.3.2 CIWS annual delay and cost savings results

Total annual CIWS delay savings, in hours and operations and passenger costs, based on the 2003 and
2005 data for the frequency of ROL and PRR benefits are presented in Tables 5-2 and 5-3, respectively.
For both categories, annual CIWS delay savings increased significantly. By applying the methodology
described above for computing hourly and cost savings, the increased CIWS delay reduction benefits
arise from the combination of increased benefit frequency per ARTCC and increased jet fuel costs. In
other words, in 2005, CIWS capacity enhancement decisions were being made much more frequently, and
the monetary benefits from the resulting delay reductions were increased by the higher cost required to
operate commercial aircraft.

Total annual CIWS delay savings attributed to the increased use of nominal jet routes during convective
weather impacts (ROL: Table 5-2), in terms of hours of delay saved and total cost savings, increased
approximately 70%. Even more notable, total hours and cost of delay saved from CIWS-derived traffic
reroute enhancements (PRR: Table 5-3) increased approximately 255%. The tremendous increase in
annual CIWS savings from PRR benefit applications is a direct reflection of the substantial gains in
certain key ARTCCs in making proactive rerouting decisions since 2003 (see Table 5-1; ‘05/°03 PRR
ratio), which outpaced the still appreciable gains in the frequency of improved decisions to keep routes
open longer (see Table 5-1; ‘05/°03 ROL ratio). Combined for both benefits categories, 2005 annual
CIWS delay reduction benefits, in terms of hours of delay saved and total cost savings, exceeded
92,000 hours and $295 M; increases of 121% and 126%, respectively, compared to the estimates
based on 2003 data. The yearly airline direct operating cost savings provided by CIWS increased to $94
M from $40 M. In addition to conservative estimates for expected ZID benefits, annual 2005 CIWS delay
savings are also considered conservative because they do not include delay reduction estimates from
ZMP, where CIWS usage was observed to be frequent (see Table 3-1), or other facilities that actively
used CIWS but were not included in the 2005 field-use assessment (e.g., ZKC and ATCSCC).
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The CIWS ROL and PRR delay reduction benefits are compared by ARTCC in Figure 5-3. Relative
ARTCC by ARTCC comparisons of CIWS delay savings clearly show that the largest benefits, based on
the 2005 benefits frequency data, were realized in ZOB. Moreover, CIWS delay savings increases from
2003 to 2005 were also most pronounced in ZOB. These results are not surprising given that, of the five
ARTCCs under study during both years, ZOB is the only facility where access to CIWS at Area
Supervisor positions was added after 2003. By providing Area Supervisors with access to the same
weather decision support tool already well established within the TMU, where aggressive, innovative, and
safe ATC decisions based upon CIWS have been routinely implemented since 2002, ZOB improved its
annual rate of implemented capacity enhancement decisions by 250%. Results presented in Sections 3.2
and 3.3 have already described the ATC productivity (through improved weather impact planning and
coordination) and capacity enhancement benefits achieved when both an ARTCC TMU and Areas have
direct access to CIWS. Varying results amongst all ARTCCs, in terms of overall rates of achieved
benefits and relative improvements from year to year, also reinforce the premise that individual ATC
facilities are unique, and must be considered individually in benefits assessments for systems such as
CIWS.
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Total Annual CIWS Benefits from Keeping Routes Open Longer (ROL)
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Figure 5-3. Total annual CIWS delay reduction benefits by ARTCC, in terms of operating and passenger cost
savings (bars) and hours of delay saved (lines), from (A) keeping routes open longer (ROL) and (B) more proactive,
efficient reroutes (PRR).
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5.4 ANNUAL AIRLINE JET FUEL SAVINGS ATTRIBUTED TO CIWS

The average price of a gallon of commercial jet fuel has increased by 115% over the past three years.
During 2003, the average annual cost of a gallon of jet fuel was $0.84. By January 2006, that cost had
increased to $1.81 (Bureau of Transportation Statistics, 2006). Jet fuel is the second largest expense
(after labor) for all U.S. commercial airlines [FAA APO, APO-098-8 - Form 41, 1998 (inflated to
2003)]). Given current jet fuel prices, and forecasts for these prices to remain well above $1.20 per gallon
beyond 2010 (FAA, 2006), it is imperative that airlines take full advantage of all opportunities to reduce
fuel consumption in order to reduce costs and ensure profits. Previously described CIWS benefits related
to increased ATC productivity, decreased airspace complexity, increased capacity, and reduced delay
result in significant jet fuel cost and consumption savings.

5.4.1 Methodology for computing jet fuel savings attributed to CIWS

The following metrics are used to calculate jet fuel savings attributed to CIWS:

e Average jet fuel cost per commercial aircraft per hour, 2003 and 2005
e Average consumption per commercial aircraft per hour, 2003 and 2005

Recall, the average airborne fuel costs per hour in 2003 and 2005 were defined in the previous Section to
equal $870 and $1688, respectively. Dividing these hourly jet fuel costs by the fuel price per gallon in
both years yields airborne hourly fuel consumption metrics:

§ 870/$0.84 Average jet fuel consumption per airborne commercial aircraft
$1688 /$1.63 =1036 gal per hour, 2003 and 2005

Estimates of annual CIWS jet fuel savings are computed by applying these metrics to the estimated hours
of direct delay saved in 2003 and 2005 for benefits categories, ROL and PRR, presented in Tables 5-2 and
5-3. As discussed earlier, 2003 CIWS benefit case study results, upon which 2003 and 2005 delay
savings are based, demonstrate significant variability in airborne vs. ground-based delay savings,
signaling the pervasiveness of queuing situations and/or ground hold events within various ARTCCs and
during varying storm impact occurrences (Robinson et al. 2004; Appendices B and C). Therefore,
differences in airborne vs. on-the-ground jet fuel consumption must first be taken into account by
tabulating the ratio of airborne/ground PRR and ROL CIWS delay savings.

Average percentages of airborne vs. on-the-ground CIWS delay savings for ROL and PRR benefits
categories, determined through re-analysis of each individual benefits case study in the Appendices of
Robinson et al. (2004), are shown in Table 5-4. These results illustrate the greater propensity for ground-
based queuing delay savings in the congested airspace immediately servicing metro NY traffic (ZNY,
Z0B, and ZDC).

The average fuel burn for a nominal “on-the-ground” airport taxi for A320/A310, B737, and B757
commercial aircraft types is 271 gal/hr while jet fuel use when delayed prior to takeoff is approximately
25% of standard taxi burn, or 68 gal/hr (U.S. commercial airline ATC dispatch manager, personal
communication). This latter rate of fuel burn is used to compute the component of jet fuel savings
achieved on-the-ground, and in combination with airborne jet fuel usage metrics, and CIWS delay savings
results in Tables 5-2, 5-3, and 5-4, provides a quantitative estimate of annual jet fuel savings attributed to
CIWS.
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TABLE 5-4
Airborne Delay Savings, as Percentage of Total CIWS ROL and PRR Delay
Reduction Benefits per ARTCC

ARTCC ROL | PRR
ZAU 28 100
ZID 100 | 50
Z0B 1 30
ZDC 0 0
ZNY 3 0
ZBW 16 71

5.4.2 CIWS jet fuel savings results

Annual jet fuel savings based on the 2003 and 2005 benefits frequency data, attributed to CIWS usage in
keeping jet routes open longer or reopening closed routes earlier (ROL) and more proactive, efficient
reroutes (PRR), are presented in Table 5-5. In addition, Table 5-6 lists the total annual jet fuel
consumption savings in terms of three different units of measure, each commonly associated with fuel
purchasing and consumption in the aviation, energy, and financial oversight arenas. Annual CIWS jet fuel
cost and consumption savings in 2003 exceeded $4.1M and 4.8M gallons, respectively. In 2005, annual
commercial airline jet fuel cost and consumption savings attributed to CIWS exceeded $18.6M and
11.4 M gallons, respectively. To put these jet fuel savings in perspective, 2005 CIWS fuel consumption
savings of 77.3 M Ibs (see Table 5-6) is equivalent to 2,664 transcontinental flights from Los Angeles
International Airport (LAX) to NY or 4,293 flights from Chicago O’Hare International Airport (ORD) to
NY.!" These estimates of jet fuel cost savings, which increased 355% since 2003, are considered
conservative, since documented delay reduction benefits from other CIWS-equipped facilities (e.g., ZMP,
ZKC, Large TRACONSs, NavCanada, etc.) were not included.

Finally, in addition to the obvious financial benefits for the airlines afforded by these significant jet fuel
cost savings, substantial fuel consumption reductions attributed to CIWS contribute to national energy
initiatives to increase fuel use efficiency and reduce oil consumption (from which jet fuel is refined).
Specifically, the contribution of CIWS towards reduced fuel consumption are pertinent to the mandates of
the U.S. Energy Policy Act of 2005 which seeks to “promote conservation, reduce our growing
dependence on unstable Middle Eastern oil, improve our economy, and create new jobs (U.S. House of
Representatives, Committee on Energy and Commerce, 2005). More recently, the President, in his 2006
State of the Union address, introduced the Advanced Energy Initiative, which ultimately seeks to replace
“more than 75% of our oil imports from the Middle East by 2025 (U.S. White House, 2006). Improved
air traffic efficiency during convective weather impacts, resulting in reductions in commercial airline jet
fuel usage, assists in meeting these and other federal initiatives to reduce unnecessary oil consumption.

' The average jet fuel consumed by a 757 commercial aircraft flying in Visual Flight Rule (VFR) conditions from
LAX and ORD to NY is 29,000 Ibs and 18,000 lbs, respectively (U.S. commercial airline ATC dispatch manager,
personal communication).
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TABLE 5-5

Annual CIWS Commercial Air Carrier Jet Fuel Cost and Consumption Savings in
(A) 2003 and (B) 2005

2003
Annuql Direct Delay Annual Jet Fuel Cost Savings Annual _Jet Fue_l
A Savings (Hours) ©) Consumption Savings
(Gallons)

ARTCC | ROL | PRR | Total ROL PRR Total ROL PRR Total
ZAU 5318 84 5402 | 1,513,683 | 73,080 | 1,586,763 | 1,802,976 | 87,024 | 1,890,000
ZID 547 307 854 475,890 142,701 618,591 566,692 169,948 736,640
Z0B 3771 | 2951 | 6722 245,841 887,712 | 1,133,553 | 293,212 | 1,057,348 | 1,350,560
ZDC 3599 | 2980 | 6579 205,143 169,860 375,003 244732 202,640 447,372
ZNY 2626 319 2945 213,909 18,183 232,092 255,040 21,692 276,732
ZBW 759 15 774 141,636 9,798 151,434 133,516 11,668 145,184

TOTAL | 16,620 | 6,656 | 23,276 | 2,796,102 | 1,301,340 | 4,097,436 | 3,296,168 | 1,550,320 | 4,846,488

2005
Annugl Direct Delay Annual Jet Fuel Cost Savings Annual Jet Fue_l Consumption
B Savings (Hours) ) Savings
(Gallons)

ARTCC | ROL PRR | Total ROL PRR Total ROL PRR Total
ZAU 7977 610 8587 | 4,418,570 | 1,029,680 | 5,448,250 | 2,711,148 | 631,960 | 3,343,108
ZID 547 307 854 923,336 276,935 1,200,271 566,692 169,948 736,640
Z0B 10182 | 13280 | 23462 | 1,291,056 | 7,756,848 | 9,047,904 | 791,112 | 4,759,552 | 5,550,664
ZDC 5399 8345 | 13744 | 599,289 926,295 1,525,584 | 367,132 568,072 935,204
ZNY 2626 638 3264 | 416,069 70,818 486,887 255,040 43,384 298,424
ZBW 1214 414 1628 440,692 509,592 950,284 270,344 312,744 583,088

TOTAL | 27,945 | 23,594 | 51,539 | 8,089,012 | 10,570,168 | 18,659,180 | 4,961,468 | 6,485,660 | 11,447,128
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TABLE 5-6
Annual CIWS Jet Fuel Consumption Savings in Gallons, Barrels, and Pounds

2003 2005
ARTCC Gal Barrels Ibs Gal Barrels Ibs

ZAU 1,890,000 | 45,000 | 12,757,500 | 3,343,108 | 79,598 | 22,565,979
ZID 736,640 17,539 | 4,972,320 736,640 17,539 | 4,972,320
Z0B 1,350,560 | 32,156 | 9,116,280 | 5,550,664 | 132,159 | 37,466,982
ZDC 447,372 10,652 | 3,019,761 935,204 22,267 | 6,312,627
ZNY 276,732 6,589 1,867,941 298,424 7,105 2,014,362

ZBW 145,184 3,457 979,992 583,088 13,883 | 3,935,844

TOTAL | 4,846,488 | 115,393 | 32,713,794 | 11,447,128 | 272,551 | 77,268,114

- 1 Barrel =42 gal
- 1gal=6.751bs

63






6. CONCLUSIONS AND FUTURE WORK

The initial results of the 2005 study of ATC productivity enhancement benefits associated with the use of
the Corridor Integrated Weather System (CIWS) have been presented in this report. Although improving
productivity in conducting ATC operations is now a principal objective of the FAA, to date, there have
been very few publicly available studies of traffic management productivity in managing convective
weather impacts.

Observers, knowledgeable in both CIWS products and ATC operations, were stationed in ARTCCs for
three multi-day periods during thunderstorm impacts. Their task was to note real-time uses of CIWS
products and the time required to devise, coordinate, implement, and iteratively monitor weather impact
mitigation plans. Feedback from ATC experts at these FAA facilities was used to estimate the workload
associated with the mitigation plan development and execution process for:

(a) The convective weather events observed in 2005, and

(b) Similar convective weather events that occurred prior to the availability of CIWS.
ARTCC TMU traffic management coordinators (TMCs)—the current, principal users of the deployed
CIWS prototype and critical decision makers for achieving efficient airspace management—were the
primary focus of CIWS productivity enhancement studies. Additionally, the observers assessed the role
of CIWS at sector Area Supervisor positions in enhancing ARTCC productivity during convective

weather events.

The principal results were as follows:

1. CIWS reduced the time required by the TMU to develop, coordinate, and implement weather
impact mitigation plans by 20—95 minutes per thunderstorm day per ARTCC.

2. On average, for all ARTCCs studied, 70% of total time savings in the TMU attributed to CIWS
was in the plan development stage of the operational weather impact decision loop, which also
includes internal/external plan coordination, implementation, and iterative monitoring.

3. CIWS was used to help address FAA staffing decisions such as whether or not overtime was
needed, managing breaks based upon current or pending weather impacts, assessing super-high
sector staffing requirements, proactively planning staffing levels needed for diversion recovery
programs, and adding “D-side” controllers to ease ATC workload concerns.

4. Use of CIWS facilitated the development and execution of higher quality weather impact
mitigation plans that resulted in greater airspace capacity, more efficient routing strategies, and
reduced air traffic delay, even at the cost of increased near-term TMU workload. Extra ARTCC
TMU effort in developing high-quality plans using CIWS often reduced ARTCC controller
workload by reducing airspace complexity and increasing traffic flow predictability. Moreover,
these plans, and resulting benefits, positively affected ATC operations at other FAA facilities,
thus contributing to overall NAS efficiency and productivity improvements.
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5. Availability of CIWS in ARTCC TMUs and sector Areas significantly increased ATC
productivity and the frequency of realized operational effectiveness benefits. Specifically, when
comparing use of CIWS at ARTCCs with and without CIWS displays in the Areas:

a. Time savings for intrafacility coordination of traffic management initiatives at ZOB and ZDC
(CIWS in TMU and Areas) were three times greater than the savings at ZAU, ZNY, and
ZBW (CIWS in TMU only).

b. Analysis of specific weather impact events suggest significant reductions in TMU workload
at ZOB, ZDC, and ZMP (CIWS in TMU and Areas) were achieved when Area Supervisors
used CIWS to avoid traffic management initiatives. Traffic management workload
reductions from these CIWS-derived ARTCC Area decisions often extended to other ATC
facilities.

c. The frequency of implemented CIWS en route capacity-enhancing decisions was
significantly higher at ARTCCs with CIWS displays in both the TMU and Areas. For the five
most common CIWS en route capacity enhancement benefits'®, plan implementation rates
(e.g., beneficial decisions per convective weather day) at ARTCCs with access to CIWS in
the TMU and Areas (ZMP, ZOB, and ZDC) was 140% greater than at ARTCCs with CIWS
only available within the TMU (ZAU, ZNY, ZBW).

d. Areas Supervisors used CIWS to assist with controller staffing decisions during convective
weather impacts.

6. The frequency of annual CIWS operational effectiveness benefits increased 177% from 2003 to
2005. With continuing increases in air traffic demand, it is encouraging that the frequency per
thunderstorm day of capacity-enhancing benefits has also increased.

7. Development, coordination, and execution of traffic flow management plans that reduce
convective weather impacts and subsequent delays by increasing ATC productivity in managing
ARTCC/TRACON transition airspace was facilitated by common situational awareness and
increased access to CIWS by traffic managers at multiple positions in the ARTCC TMU, in
ARTCC Areas, at TRACONS within the parent ARTCC, and at all neighboring ARTCCs. ZOB,
the only ARTCC with CIWS displays at all these internal and external coordinating positions,
realized improved ATA/DTA management benefits at a rate 180-1300% more often than any
other ARTCC under study in 2005.

8. Decisions made using other convective weather decision support tools at an ARTCC without
access to CIWS (ZTL) often occurred just as quickly as they did in an adjacent CIWS facility
(ZDC). However, the quality of the decisions made without CIWS (in terms of missed
opportunities for utilizing available capacity) was not as high as those made at the adjacent
CIWS-equipped facility. A number of specific examples of how CIWS could have improved the
quality of weather planning decisions at ZTL and increased ATC productivity were presented.
These examples included ATC weather impact events for which CIWS Forecast and Growth and
Decay Trends products might have prevented chaotic, unexpected deviations of ATL arrivals in
ARTCC/TRACON transition airspace, and allowed for more efficient management of aircraft in
holding patterns.

'® The five most common CIWS capacity enhancement benefits include (1) more proactive, efficient reroutes, (2)
keeping routes open longer and/or reopening closed routes earlier, (3) Improved ATA/DTA management, (4)
reduced MIT restrictions, and (5) directing pathfinders.
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9. By combining the 2005 data for the frequency of CIWS benefits decisions and fuel costs together
with the 2003 case benefits results and the average ARTCC thunderstorm climatology, it was
determined that:

a. The annual hours of delay saved and total cost savings attributed to CIWS usage in “keeping
jet routes open longer” and “proactively and more efficiently rerouting traffic” exceeded
92,000 hours and $295 M. This annual estimate is an increase of 121% (hours saved) and
$126% (costs saved) from results based on 2003 data for the frequency of CIWS benefits and
fuel costs. The yearly airline direct operating cost savings provided by CIWS increased to
$94 M from $40 M. Delay savings results based on the 2005 CIWS benefits frequency are
considered conservative for several reasons, including the fact that the annual frequency of
ZMP delay benefits (which accounted for 21% of the total number of beneficial decisions
associated with the six CIWS-equipped ARTCCs visited in 2005) and ZKC delay benefits
were not included in the annual delay reduction benefits calculations.

b. Projected annual CIWS delay reduction benefits per ARTCC were greatest at ZOB.
Calculated benefits using 2005 data for the frequency of CIWS capacity-enhancing decisions
were 250% greater than estimated benefits based upon the frequency of CIWS-assisted
decisions in 2003. This increase is not surprising given that, of the five ARTCCs under study
during both years, ZOB is the only facility where access to CIWS at Area Supervisor
positions was added after 2003.

c. The annual jet fuel cost and consumption savings for commercial airlines exceeded $18.6 M
and 11.4 M gallons. The jet fuel consumption savings attributed to CIWS increased $136%
relative to 2003, an increase directly related to increased ATC proficiency in implementing
higher-quality, capacity-enhancing convective weather impact mitigation plans. The jet fuel
cost savings attributed to CIWS increased 355% since 2003, due to the combination of the
increased rate of achieved capacity-enhancement benefits by ATC and the 94% increase in jet
fuel cost from 2003 to 2005. Given forecasts that fuel prices will remain high through at least
2007, these jet fuel savings derived from CIWS are a significant benefit to airlines and
passengers, and also support national efforts to reduce oil consumption.

In summary, we have found that CIWS provided improved productivity by reducing the time to make and
execute decisions and by improving the ability to better use available capacity in convective weather.
These productivity enhancements resulted in significant delay reduction benefits.

The authors recognize that the limited number of individual ARTCC case studies in the 2003-2004 data
analysis is a significant caveat to the annual delay reduction CIWS benefits estimates above. The 2003-
2004 individual case studies for a given ARTCC varied greatly in the delay reduction achieved.
With only 2-3 case studies per ARTCC, the statistical variance associated with mean or median CIWS
benefits is undoubtedly high and has not been quantified. The case study sample set was small because
our workload associated with analyzing individual delay events was quite high. This high workload was
due to the difficulty in determining alternative traffic management options for weather impact mitigation
in the complex and heavily congested airspace in which CIWS is deployed.

It would be highly desirable to reduce the overall CIWS delay reduction benefits uncertainty
by analyzing more cases. A two-phase approach is recommended:
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(1) Analysis of 3—5 more cases for quantified beneficial decisions in both ZDC and ZOB,
since those two ARTCCs account for the bulk of the overall CIWS delay reduction benefits.
These cases should be drawn from the 2005 observed events (especially for ZOB) to see if
there is any substantive difference between the TMU-only beneficial decisions versus
TMU-Area Supervisor collaborative beneficial decisions.

(2) Develop automated tools that could reduce the time to carry out individual case analyses.
Bertsimas and Stock-Patterson (1998) discuss the use of mixed integer optimization
techniques for optimal TFM with time varying en route and terminal capacities. Such
optimization techniques for practical use are becoming more feasible due to the rapidly
dropping costs for powerful computers, and enhancements derived from NASA funded
research at estimating en route capacity with convective weather (Martin et al. 20006).
The development and validation of such tools is a nontrivial, but important, undertaking.

Future investigations to extend the results presented in this report will include:

e Continued examination of ZTL and ZJX TMU operations (ARTCCs with no CIWS displays in
2005) pertaining to convective weather impact management. Additional data analyses will seek
to further validate estimates from ATC experts as to how long impact mitigation plans would
have taken had CIWS not been available. In addition, we anticipate that the analysis will show
further instances where the quality of decisions made during thunderstorm events could have
been improved using CIWS.

e Detailed analyses of weather and aircraft flight track data in ARTCCs with and without access to
CIWS, to independently confirm that the use of CIWS results in fewer missed opportunities for
mitigating the adverse impacts of convective weather.

e Additional investigations of potentially improved decisions and plan coordination time savings
between TRACONs and ARTCC TMU s resulting from increased access to CIWS at both types of
facilities.

e Use of sector/route capacity assessment models to quantify improvements in effective sector
capacity attributed to CIWS-derived convective weather impact mitigation plan enhancements.
Implications of these results with respect to both delay savings and ATC productivity
improvements will be explored.

e Comparisons of Aviation System Performance Metrics (ASPM) delays during convective weather

events before and after CIWS deployment, where the delay data are normalized to account for
differences in weather severity and traffic demand.
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ARTCC
ASPM
ATA
ATC
ATCSCC
ATM
CCFP
CDM
CIWS
CWSuU
DOC
DTA
DTW
EIA
ETMS
EWR
FAA
GDP
ITWS
JFK
LL
MSP
NAS
PCT
PHL
PRR

ROL

STMC
SWAP
TFM
T™MC
™U
UTC
ZAU
ZBW
ZDC
ZID
ZJX
ZKC
ZME
ZMP
ZNY
Z0B
ZTL

GLOSSARY

Air Route Traffic Control Center
Aviation System Performance Metrics
Arrival Transition Areas

Air Traffic Control

Air Traffic Control System Command Center
Air Traffic Management

Collaborative Convective Forecast Product
Collaborative Decision Making

Corridor Integrated Weather System
Center Weather Service Unit

Direct Operating Cost

Departure Transition Areas

Detroit, MI Metropolitan Airport

Energy Information Administration
Enhanced Traffic Management System
Newark, NJ International Airport

Federal Aviation Administration

Ground Delay Program

Integrated Terminal Weather System

John F. Kennedy International Airport
Lincoln Laboratory

Minneapolis St. Paul International Airport
National Airspace System

Potomac TRACON

Philadelphia TRACON

CIWS “Proactive, Efficient Reroute” Benefit
Category

CIWS “Keeping Routes Open Longer” Benefit
Category

Supervising Traffic Management Coordinator
Severe Weather Avoidance Plan

Traffic Flow Management

Traffic Management Coordinator

Traffic Management Unit

Coordinated Universal Time

Chicago ARTCC

Boston ARTCC

Washington ARTCC

Indianapolis ARTCC

Jacksonville ARTCC

Kansas City ARTCC

Memphis ARTCC

Minneapolis ARTCC

New York ARTCC

Cleveland ARTCC

Atlanta ARTCC
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APPENDIX A
CHALLENGE IN FINDING SIMILAR CONVECTIVE EVENTS FOR CIWS

One of the important issues in assessing performance of a system such as CIWS is whether it is possible
to find comparable weather events before and after CIWS was installed in order to compare weather
impact mitigation decisions or performance metrics such as the FAA Aviation System Performance
Metrics (ASPM) delays.

Practical experience has shown that this is very difficult. There are two elements of this difficulty:
1. Variability in spatial patterns of convective weather
2. Sensitivity of delays to differences in the convective weather

Each of these elements are discussed below.

1. Spatial patterns of convective weather

MITRE CAASD (DeArmon, 2004) attempted to use cluster analyses to find similar convective weather
events. DeArmon formed 16 clusters of 197 days of convective weather. The spatial extent of the
convective weather shown in pictures of the various clusters is generally quite extensive except for the
case of “generally fair weather throughout the NAS”. No results were shown for the differences between
elements of a cluster and the clustering considered only a single sample of very coarsely quantized
convective weather in a day.

A combinatorial argument can be made that suggests that finding identical convective weather spatial
distributions within the CIWS domain will be extremely difficult. The general argument is that different
convective weather events can be viewed as assigning a “weather present” indicator to each of N possible
spatial regions that would characterize the weather picture. ARTCCs such as ZID and ZOB typically
have about 25 high altitude sectors with a diameter of approximately 75 nmi (150 km).

In Figure 1-5, we showed that the bulk of the convective activity in the CIWS domain is “unorganized”
convection, such as air mass thunderstorms. For such weather, the spatial distribution of weather present
or not present in each of these sectors is modeled. One finds that the number of possible unique
assignments is roughly 2**25 which clearly is so large that the likelihood of identical assignments is very
small.

One might hope that it might be easier to find highly similar or identical organized convection cases,
especially squall lines, since there is a high spatial correlation between weather being present at adjacent
locations for this type of convective weather. However, squall lines are not uniform with respect to
reflectivity and echo tops along the squall line. Based on an examination of squall lines observed in the
Great Lakes corridor, our model considers both echo tops and reflectivity as separately assigned elements
each 20 nmi (40 km) along the squall line. Examination of a number of cases suggests that the number of
unique assignments for squall line structures within an ARTCC is on the order of 2**18, which is also
very large.

Some examples of north-south oriented squall lines observed to the east of the New York airports in 2004
and 2005 are shown in Figures A-1 through A-4. These weather events differ considerably in the regions
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of high reflectivity and high echo tops. For example, there are major differences in the degree to which
high reflectivity/high echo tops storms are present in upstate New York and in Maryland as well as
through Pennsylvania. In Figure A-5, major departure routes from the New York airports are shown.
Comparing Figures A-1 through A-4 with Figure A-5, major differences arise among these cases in terms
of the specific departure routes impacted.

2. Sensitivity of delays and ATC workload to differences in the impact of convective weather on
capacity

Differences in the convective weather spatial pattern result in differences in the effective capacity of en
route sectors. Weber et al. (2005) show an example of this for relatively unorganized storms observed in
the CIWS domain in 2004, while Figures A-1 through A-5 show that the east-west routes impacted by
north-south squall lines in ZNY can differ significantly between the different squall line events.

Considered next is how sensitive the delays would be to changes in the effective capacity of the en route
airspace. Based on:

1. Analysis of 27 different convective weather cases in the northeast quadrant of the NAS
(Robinson et al. 2004),

2. the FAA OEP (FAA, 2001) statement that “air travelers are experiencing increased flight
delays and cancellations from a growing imbalance between their demand and the ability of
the system to handle the air traffic. The mismatch is most pronounced during peak flying
periods at major hubs. In addition, congested airspace and complex traffic flows can cause
delays to ripple through large portions of the country”,

3. MITRE analyses of specific cases of widespread disruptions due to severe weather (MITRE,
2001), and

4. the current work in the CDM program (http://cdm.metronaviation.com) to develop
approaches for simultaneously constraining demand in portions of en route airspace and at
terminals,

it is reasonable to conclude that convective weather impacts on highly congested regions of en route
airspace lead to complicated, multiple queues in the “NAS network.”

Queue delays have a very nonlinear dependence on demand, capacity, and the time duration of events'’.
In the simplest case, the fair-weather capacity (Cy) of airspace under the control of an ATC facility (e.g.,

an airport or an en route sector) is reduced by convective activity to a lower convective weather capacity
(Cw) for a time duration, T. Typically, Cy is greater than the demand, D, but D > Cyy. For this case of

constant capacities and constant demand, the accumulated delay, DS, for all the aircraft involved in the
queue can be shown (Andrews, 1993) to be:

DS= 0.5 T2 (D-Cy) (Cy-Cw)/ (Cy - D) (A-1)

' The queue model discussed here is the classical deterministic model used in traffic analysis (Daganzo, 1997).
With this model, one can operate close to capacity without incurring delays. With random process (e.g., Poisson
process) queues, delay rises rapidly as the demand approaches the capacity.
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The delays in the above equation could be taken on the ground or in the air. The generalization of
equation (A-1) to consider the case where Cyy and D change with time was validated with Atlanta
thunderstorm event data in Appendix A of Allan and Evans, (2005). The queue delay is very sensitive to
changes in the convective weather capacity and the duration of the convective weather event. Hence,
both the differences in spatial pattern of the convective weather at a given time instance and over time can
make major differences in the delays.

We know of no equation similar to equation (A-1) for the TMC workload associated with a given
situation. However, since the complexity of the decision making process may be related to the sensitivity
of outcomes (e.g., delays) to the actions taken, one would suspect that decision making workload
increases in high queue delay situations. For example, one can certainly envision that air carrier
interactions with the TMCs would increase in situations where there are high queue delays.
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shown.

Figure A-2. Squall line in ZN
shown.




Figure A-3. Squall line in ZNY and ZBW on 10 August 2004. CIWS VIL Precipitation is shown.

Figure A-4. Squall line in ZNY and ZBW on 6 June 2005. CIWS VIL Precipitation (left) and Echo Tops (right) are
shown.
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Figure A-5. Major departure routes from the New York airports [as seen via the NY Route Availability Planning
Tool (RAPT: DeLaura and Allan, 2003) display].
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APPENDIX B
PAST WORK ON TRAFFIC MANAGEMENT WORKLOAD ASSOCIATED
WITH CONVECTIVE WEATHER IMPACT MITIGATION

We have not been able to find any published literature on TMC and Area Supervisor workload that
specifically addresses the bulk of the elements shown in the operation decision loop in Figure 1-4.
Additionally, we have discussed the TMC workload issue with key CDM TMU researchers (Prof. Mike
Ball at Univ. of MD, Prof. Phil Smith at Ohio State University) and they knew of no published work that
would be germane.

We also discussed TMC and Area Supervisor workload with Mr. Mike Klinker who was the Traffic
Management Officer at ZDC for a number of years. Mike commented that traffic management in
convective weather is best accomplished when the TMCs and Area Supervisors work as a team, adding
that pertinent FAA orders (7210.3 Chapter 17) associated with these positions present this team approach.
Mike further commented, “It is beyond the scope of a TMU within a facility to effectively coordinate all
the actions needed for a busy SWAP event. It takes a team of folks to make it work.” However, he knew
of no formal studies of either TMC or Area Supervisor workload in managing air traffic during
convective weather.

There are a number of studies by MITRE and other organizations in the context of TMU workload
reduction associated with the entering of aircraft reroutes into the Host computer during convective
weather as a part of the TFM-M benefits studies. Although improving the ability to quickly enter reroutes
is very important for the implementation of a mitigation plan, it is hard to see how the approach used to
assess workload reduction for a fairly straightforward task such as entering reroutes into the Host
computer is germane to assessing the workload associated with the first four elements of the operational
decision loop in Figure 1-4.

The most pertinent study related to the proposed CIWS productivity enhancement investigation was the
Master’s Thesis of Haley Davison at M.I.T. (Davison and Hansman, 2001). A series of site visits were
performed at Boston and New York ARTCCs as well as at the Air Traffic Control System Command
Center (ATCSCC). The results of those site visits were used to determine the current communication and
coordination structure of Traffic Management Coordinators (TMCs). A number of the site observations
were of convective weather management situations.

Some of their observations are particularly pertinent to the CIWS productivity benefits study. In their
Section 1.1, they state™:

“The ATC position that performs both local and national inter-facility communication is the
Traffic Management Coordinator (TMC), located at each facility. The TMC position in the ATC
facility is responsible for coordinating the traffic flows into and out of the facility though
communications with other ATC facilities. The TMC is the most critical link between facilities
in the system.

20 We have added numbering to various statements on TMC Function to facilitate referencing the specific Function
in a later section of this plan.
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Function1: While tactical controllers allow aircraft into the facility on a flight-by-flight basis, the
TMCs control whether fixes and jet routes into and out of the facility are open and the rate at
which traffic can flow through specific fixes.

Function 2: The TMCs are also responsible for monitoring operations within the facility,
determining when the tactical controllers are overloaded with aircraft, and responding.

Function 3: The TMCs communicate and negotiate with other facilitiecs’ TMCs to coordinate
appropriate traffic initiatives to reduce demand into the facility.

Function 4: They are also responsible for communicating initiatives and restrictions to the tactical
controllers in a timely manner.

Traffic initiatives are used by the TMCs as an organized means of reducing demand into one or
multiple facilities. Two types of traffic initiatives can be implemented to prevent airspace from
being overloaded: national or local initiatives.

Function 5: Often TMCs address traffic overload first through local traffic initiatives such as
Miles-In-Trail (MIT) or Departure Sequence Planner (DSP). These local initiatives are short-
term traffic solutions that are often implemented by Tower, TRACON or Center facilities. MIT
restrictions require the upstream facility to maintain a certain minimum number of miles between
each aircraft entering the restricted facility.

Function 6: If traffic demand is predicted to be high for longer periods of time, the facility TMCs
will coordinate with the Command Center to implement a national traffic initiative such as a
Ground Delay Program (GDP). “

Based on the site observations and analyses of their data in the context of literature on attributes of multi-
person communication, as related to

organization structure,

physical environment in which the communication takes place,
information flow (including content) and,

organizational culture,

Davison and Hansman identified a number of key issues that needed to be addressed to improve the
efficiency of strategic communication and coordination within the ATC system. These included:

Ambiguity of the organizational structure in the current ATC system
Awkward coordination between ATC facilities

Information flow issues

Organizational culture issues, and

Negotiation behaviors used to cope with organizational culture issues

Figure 2-1 showed the complexity of the intra- and inter-facility coordination process for two facilities in
the CIWS domain (from Davison and Hansman, 2001). An indication of the workload associated with
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this coordination process is shown in Figures B-1 and B-2, which show the number of phone calls and the
number of other ATC staff with whom the TMCs coordinate.

Unfortunately, Davison and Hansman do not provide any explicit estimates of the time required to
accomplish the TMC communication and coordination functions they describe for air traffic management
during convective weather.  Discussions were held with Ms. Davison (now Ms. Reynolds) who is
currently a PhD candidate® at MIT regarding subsequent or related research on TMC workload
assessment. She was unaware of any related literature.

2! Her PhD thesis is involved with ATC controller cognitive processes.
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Figure B-1. Communications per day for various TMCs identified in Figure 2-1 (from Davison and Hansman,
(2001)).
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Figure B-2. Interactions with other ATC personnel for various TMCs identified in Figure 2-1 (from Davison and
Hansman, (2001)).
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APPENDIX C
CLIMATOLOGICAL ADJUSTMENTS TO ARTCC CONVECTIVE WEATHER
DAY STATISTICS IN CIWS DOMAIN

The model for identifying, categorizing, and quantifying CIWS delay savings benefits during the 2003
storm season involved an extrapolation of observed CIWS applications during benefits assessment
campaigns using a metric for annual convective weather frequency [complete details on methodology
employed to estimate annual CIWS delay savings are available in Robinson et al. (2004)]. Specifically,
in situ observations of CIWS usage, normalized by the number of days each participating ARTCC was
visited, were scaled up by the number of convective weather days per ARTCC per year to determine the
annual frequency of the various CIWS operational benefits. In Phase 1 CIWS benefits investigations
[ATC-313; Robinson et al. (2004)], the number of convective weather days for each of the six
participating ARTCCs in the Midwest and Northeast was determined by averaging total storm days
observed in each ARTCC between April and September (i.e., storm season) for 2002 and 2003.

In order to improve estimates of annual CIWS delay savings , it was recognized that statistics for ARTCC
convective weather days (used to extrapolate from “daily-observations” to annual benefits) must account
for both long-term thunderstorm climatology within the regions of interest, as well as convective weather
activity outside of the period from April to September. Described in this Appendix are the methodology
and results of modifying averaged 2002—2003 ARTCC convective weather day statistics employed in the
Phase 1 CIWS Benefits Study to account for long-term climatology and “non-seasonal” thunderstorm
activity. Once ARTCC convective weather day metrics are scaled to account for climatology, they can be
used to estimate annual CIWS benefits during other years (e.g., 2005).

C-1 ACCOUNTING FOR LONG-TERM CLIMATOLOGY IN ARTCC CONVECTIVE
WEATHER DAY STATISTICS

Thunderstorm climatology data from five cities in each of the six ARTCCs in the 2003 study were used to
determine ratios of historical storm days to storm days in 2002 and 2003. Multiplying 2002—2003
convective weather day statistics used in the Phase 1 CIWS Benefits Study by these ratios, which are
based upon a suite of observation stations within each En Route Center, creates a metric for ARTCC-
scale storm day statistics that more adequately represents historical thunderstorm activity in the CIWS
domain.

All cities selected within each ARTCC for climatological comparisons possessed at least 20 years of
historical thunderstorm day statistics. Moreover, care was taken to select cities where standard reporting
of meteorological observations included thunderstorm days with and without precipitation, as reports of
convective activity in the vicinity of reporting stations is worthwhile when tabulating storm day statistics
over the large domains of en route air traffic centers. Finally, cities were selected in a manner that
allowed spacing as uniform as possible throughout the En Route Center.

Figure C-1 depicts the five cities chosen for climatological comparisons in each ARTCC studied in the
Phase 1 CIWS benefits analysis (30 cities total). Previous studies have discussed potential drawbacks of
employing conventional “point-source” thunderstorm day statistics to represent, and thus, likely
underestimate, the frequency of thunderstorms in a larger region containing the weather observation
stations [e.g., Bieringer et al. (1999)]. However, the authors feel that by utilizing data from several,
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adequately-spaced, observation stations, results averaged by all “ARTCC-cities” would be an acceptable
proxy for use in climatological scaling of observed ARTCC convective weather day statistics.

ZAU: ZID: Z0OB:

1. Madison, WI 1. Indianapolis, IN 1. Detroit, Ml

2. Chicago (ORD), IL 2. Evansville, IN 2. Cleveland, OH,
3. Peoria, IL 3. Columbus, OH 3. Pittsburgh, PA
4. Fort Wayne, IN 4. Cincinnati, OH 4. Erie, PA

5. Grand Rapids, Ml 5. Jackson, KY 5. Buffalo, NY
ZDC: ZNY: ZBW:.

1. Baltimore, MD 1. NY (JFK), NY 1. Syracuse, NY
2. Dulles, VA 2. Newark, NJ 2. Albany, NY

3. Richmond, VA 3. Philadelphia, PA 3. Binghamton, NY
4. Raleigh, NC 4. Williamsport, PA 4. Hartford, CT

5. Wilmington, NC 5. Harrisburg, PA 5. Boston, MA

Figure C-1. Observation stations chosen within each ARTCC to determine ratios of thunderstorm day
statistics for long-term climatology versus observations in 2002 and 2003.
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For each observation station, monthly and annual thunderstorm days statistics were collected for 2002,
2003, and the long-term climatological average. All data were retrieved from the National Climatic Data
Center. The number of years included in the historical averages varies from city to city based upon
availability, but the records for each city extend beyond at least 20 years. Thunderstorm day statistics for
each “ARTCC-city” are presented in Tables C-1 through C-6.

TABLE C-1
Climatology, 2002, and 2003 Thunderstorm Day Statistics for ZAU Observation
Stations
ZAU Climatology 2002 2003
CITY jil\sﬂgm; Annual ji’gg:\\lﬂ; Annual jil\sﬂgl\l\/lll‘; Annual
wasonw | $92457 | | S92 s | OBRAEEH
ST T BT Tl B B
a7s211 | % | arcoz | o (OSSR
owame | 012957 s | SIS | gy [GURHE ] g
orand Rapias, w1 | 2290 | s | 995500 | 3 [emaeso |
ARTCC Average 40 36 36
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TABLE C-2
Climatology, 2002, and 2003 Thunderstorm Day Statistics for ZID Observation

Stations

ZID Climatology 2002 2003

CITY j,il\g/lg,[\\]ﬂ; Annual jil\sﬂg'l\\l/ll‘; Annual jihsﬂg'l\\lﬂé Annual
e R T T
cansem | 310307 | | Eomee | oLSSES |
coumbus, 01 | getilo | % | Syaiz0 | * [ samsoce | 0
Cincinnati, OH ; é 2 411 i c7> 41 1516136011106 a1 1021933319120 a4
Jackson, KY 22183: 18118 51 izlfo(sslooslcl) 62 1%01?1 ; ;4160 28
ARTCC Average 44 49 50

TABLE C-3
Climatology, 2002, and 2003 Thunderstorm Day Statistics for ZOB Observation
Stations

Z0B Climatology 2002 2003

CITY jil\sﬁg’\'\/‘l; Annual j;'\sﬂgm; Annual j;gg:\:; Annual
cosito | 2 | ssaiio | * | siaoro | @
clevelang. on | (2000 | 3 | S7s020 | | soaszo | P
s en | 002307 | s | 02307 | [ OI2SEE |
Erie, PA 274210 | ® | 54010 | ® | 1067200 |
Butalo, NY cessro | | easors | % | suasso | 2
ARTCC Average 33 34 38
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TABLE C-4
Climatology, 2002, and 2003 Thunderstorm Day Statistics for ZDC Observation

Stations
ZDC Climatology 2002 2003
CITY jil\sﬂgl\’\?; Annual ji'\sﬂé’\N’l; Annual jiggm; Annual
ommareo | 002208 [ o | ormne | [
Dulles (IAD), VA 2 g ; i i g 28 020621%71101 35 8110216108180 46
Richmond, VA 0185::: ff 42 g ?1 i S ‘11 3 24 9010232208040 40
Raleigh, NC 1011823316170 43 1020831311150 35 12 13312 03020 36
Wilmington, NC 1021924316180 4 1020955223361 48 2216631118 i 46
ARTCC Average 37 33 42
TABLE C-5
Climatology, 2002, and 2003 Thunderstorm Day Statistics for ZNY Observation
Stations
ZNY Climatology 2002 2003
CITY j/':“sllgm; Annual jil\sﬂg'\Nﬂé Annual j;ggmé Annual
Newvork NY | 2ii0s | % | gatero | | satore | 8
Newark, NJ 1010824326190 46 2 g 2 g ‘11 (7) 28 g (15 cl) 8 i g 26
ehiadephia,pa | 001245 |5, [ 001467 | o 010023 |,
wiiamspor, P | 001257 |, | 31361010 | | a3286d |,
Harrisburg, PA (7) g ; i i g 31 1708331101829 53 g i718431; I 69
ARTCC Average 32 34 37
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TABLE C-6
Climatology, 2002, and 2003 Thunderstorm Day Statistics for ZBW Observation

Stations

/BW Climatology 2002 2003

CITY jil\s/,lgl\l\/ll; Annual :]]ihsﬂg,\l\?; Annual j;!gm; Annual
e | 222723 | | 22iin | = [ eataie |
R T B TV M T
S T R TS R T
woacr | 00220 | o | ot | o | e |
A N B ETTH Ol B T
ARTCC Average 23 28 25

Thunderstorm day statistics shown in Tables C-1 — C-6 are used to calculate climatological scaling factors
for each ARTCC. Determining the climatological scaling factor to be used to adjust the ARTCC
convective weather day metric from the Phase 1 Benefits Study involves these steps:

1. Average the historical number of thunderstorm days from the five stations in each
ARTCC (ARTCC Climatological Average: C)

2. Average the number of thunderstorm days from the five stations in each
ARTCC during 2002 and 2003 (2002-2003 ARTCC Thunderstorm Day Average: S)

3. Compute the climatological scaling factor (F) for each ARTCC by dividing the
Climatological Average ARTCC Thunderstorm Days (C) by the 2002—03 ARTCC
Average ARTCC Thunderstorm Days (S)

Since the Phase 1 ARTCC convective weather day statistics include thunderstorm activity during only the
months from April to September, all ARTCC climatology scaling factor computations from “ARTCC-
cities” are also based only on this six-month period defining the storm season in the CIWS domain.
Hence, results shown in Table C-7 represent climatologically-modified ARTCC convective weather day
statistics for only the seasonal period from April to September and are therefore considered preliminary.
Historical and 2002—2003 thunderstorm day statistics from the identified observation stations in each
ARTCC are further employed to extend the seasonal climatologically-modified ARTCC convective
weather day metric to annual storm day statistics.
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Seasonal (April — September) ARTCC Convective Weather Day Statistics Modified

TABLE C-7

to Account for Long-Term Climatology

April - September

serce | Cumaoones | undersion pay | (maves | e bay
ZAU 34 315 1.08 89.5 71.08 4 96.7
ZID 36 42.0 0.86 102.0/*0.86 ¥ 87.7
Z0B 29 33.0 0.88 91.5 7 0.88 + 80.5
ZDC 33 37.0 ** 0.89 104.0/* 0.89 ¥ 92.6
ZNY 28 315 0.89 69.5 7 0.89 ¥ 61.9
ZBW 21 20.0* 1.05 60.0 T 1.05 +63.0

** Only 2003 storm day statistics used for ARTCC-City average since

ZDC/ZBW convective weather days in Phase 1 study only

include 2003

Values in
Phase 1 Report

1 1

Modified Seasonal

ARTCC Storm

Day Frequency

C-2 CONVERTING FROM SEASONAL TO ANNUAL CLIMATOLOGICALLY-
MODIFIED ARTCC CONVECTIVE WEATHER DAY STATISTICS

The averaged percentage of total annual storm days from stations within an ARTCC occurring between
October—March is the non-seasonal scalar used to convert climatologically-modified ARTCC convective
weather days from seasonal (shown in red box in Table C-7) to annual. Table C-8 shows the final,
modified convective weather day statistics for the six ARTCCs included in the Phase 1 CIWS Benefits
Study (in red), now accounting for both long-term climatology as well as thunderstorm activity occurring
outside the period from April — September. Also included in this table are the seasonal, climatologically-
adjusted ARTCC storm day statistics from Table C-7 (column 2) which are multiplied by the non-
seasonal thunderstorm day scalar (Table C-8, column 3) to obtain final results. The original, unmodified
ARTCC convective weather day statistics from Phase 1 analyses are included in Table C-8 (column 5) for
direct comparison with ARTCC thunderstorm day metrics adjusted for climatology and full-season

activity.
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TABLE C-8
Annual ARTCC Convective Weather Day Statistics Modified to Account for Long-
Term Climatology as well as Thunderstorms Occurring during October - March

Seasonal, .

Frequency Scalar ** Fequency’ | Frequency
ZAU 96.7 1.15 111.2 89.5
ZID 87.7 1.18 103.5 102.0
Z0B 80.5 1.12 90.2 91.5
ZDC 92.6 1.11 102.8 104.0
ZNY 61.9 1.12 69.3 69.5
ZBW 63.0 1.09 68.7 60.0

** For example, with ZAU: On average for the 5 cities within ZAU airspace, monthly long-term
climatology statistics demonstrate that 85% of annual thunderstorm
days occur during April — September (defined as “seasonal”).
Therefore, the climatologically-modified seasonal convective
weather day frequency for ZAU is increased by 15% to ensure annual
storm frequency representation.

When comparing Phase 1 ARTCC convective weather day statistics to the modified metrics, it is
interesting to note that the statistics are very similar for most of the En Route Centers included in the
analyses. Final, historically-adjusted annual convective weather day statistics for ZID, ZOB, ZDC, and
ZNY are all within 1% of original, seasonal statistics presented in the Phase 1 CIWS Benefits report. For
these Centers, the above-average seasonal thunderstorm activity during 2002 and 2003 (e.g.,
climatological adjustment resulted in decreased storm day metrics) was nearly equally balanced by the
under-representation of annual storm activity caused by not including the period from October — March in
Phase 1 tabulations (e.g., non-seasonal storm-day adjustment resulted in 11-18% increase in metric).
Ratios of seasonal to non-seasonal historical thunderstorm day statistics for ZAU and ZBW are similar to
the other ARTCCs in this analysis. However, final, climatologically-adjusted annual convective weather
day statistics for ZAU and ZBW are decidedly larger than counterpart-metrics presented in the Phase 1
report. Unlike the other En Route Centers in these analyses, the historical average number of seasonal
thunderstorm days across ZAU and ZBW was greater than the number of storm days occurring in April —
September in 2002 and 2003. Therefore, once confirmed that seasonal thunderstorm activity across ZAU
and ZBW Centers in 2002-2003 was below-average, convective weather day statistics were increased
accordingly, which in turn resulted in increases in CIWS benefits calculations that rely on this metric for
extrapolation.
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APPENDIX D
2005 CIWS PRODUCTIVITY ENHANCEMENT ASSESSMENT CAMPAIGN

OBSERVED CIWS APPLICATIONS: OBSERVATION PERIODS 1 -3

TABLE OF CONTENTS
Page
Index 1: CIWS Benefits Categories Identified During Blitz Campaigns D-2
Index 2: Impact Planning Categories Assigned to Blitz Observations D-3
Observation Period 1: 04 — 06 June 2005 D-4
Day 1 — 04 June 2005 D-5
Day 2 — 05 June 2005 D-8
Day 3 — 06 June 2005 D-19
Observation Period 2: 27 June — 1 July 2005 D-34
Day 1 —27 June 2005 D-35
Day 2 — 28 June 2005 D-44
Day 3 — 29 June 2005 D-65
Day 4 — 30 June 2005 D-98
Day 5 — 1 July 2005 D-115
Observation Period 3: 12 — 14 July 2005, 3 August 2005 D-121
Day 1 — 12 July 2005 D-122
Day 2 — 13 July 2005 D-137
Day 3 — 14 July 2005 D-166
Day 4 — 3 August 2005 D-180
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10.

11.

12.

13.

14.

15.

16.

*

Index 1: CIWS Benefits Categories Identified During Blitz Campaigns *

Routes open longer and/or reopening closed routes earlier

Proactively close routes

Proactive, efficient reroutes

Shorter/fewer ground stops, ground stops avoided (Improved Ground Stop Program management)
Reduced MIT restrictions; Proactive management of routes in use

Traffic directed through gaps in weather

Improved management of weather impacts on Area Transition Areas (ATA) and/or Departure
Transition Areas (DTA)

Improved optimization of runway usage; Enhanced runway planning
Improved Ground Delay Program management

Greater departures during Severe Weather Avoidance Program (SWAP)
Directing pathfinders

Interfacility, intrafacility coordination assistance

Improved safety

Reduced workload (includes proactive impact mitigation planning)
FAA facility staffing assistance

Situational awareness

Applicable benefits categories assigned to each observed usage of CIWS during Observation Periods 1-3 of
2005 Benefits Assessment Campaign
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Index 2: Impact Planning Categories Assigned to Blitz Observations **

Route closures and reopenings; Nominal route management

Reroute planning

Terminal management

Arrival Transition Area (ATA)/Departure Transition Area (DTA) management
Situational awareness

M

** Applicable impact planning categories assigned to each observed usage of ATC weather decision support
tools (e.g., CIWS, ETMS, WARP, WARP-DSR, CWSU) during Observation Periods 1-3 of 2005 Benefits
Assessment Campaign
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OBSERVATION PERIOD 1: 4-7 June 2005
Facilities Visited: ZMP, ZAU, ZOB, ZDC, ZNY, ZBW

Examples of CIWS NEXRAD VIL Precipitation During Period 1:

06 June 2005, 1930 UTC 07 June 2005, 2330 UTC
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OBSERVATION PERIOD 2: 27 June - 1 July, 2005
Facilities Visited: ZMP, ZAU, ZOB, ZDC, ZNY, ZBW, ZTL, ZJX

Examples of CIWS NEXRAD VIL Precipitation During Period 2:
1 1 —

29 June 2005, 2130 UTC 30 June 2005, 2300 UTC

01 July 2005, 2030 UTC
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OBSERVATION PERIOD 3: 12-15 July, 3 August 2005
Facilities Visited: ZMP, ZAU, ZOB, ZDC, ZNY, ZBW, ZTL, ZJX
Examples of CIWS NEXRAD VIL Precipitation During Period 3:

p 183 4

14 July 2005, 2100 UTC 15 July 2005, 2000 UTC

S -

03 August 2005, 1130 UTC

D-121
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