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Avoiding Gridlock in the Skies: Issues and Options for
Addressing Growth in Air Traffic

Summary

A magjor challenge facing aviation policymakers is developing a strategy for
increasing the capacity of the national airspace system to keep pace with projected
growth in demand for air travel. While Transportation Secretary Norman Mineta's
vision for the next generation air traffic system aspires to triple system capacity by
2025, FAA projectionssuggest that capacity enhancementswill struggleto keep pace
with growth in demand at major airports, in busy airspace around major metropolitan
areas, and aong certain busy high atitude corridors. Factors, including the
continuing popul ation shift into major metropolitan areas, the increased reliance on
smaller jetsin both airline and general aviation operations, and increased point-to-
point service, are expected to spur growth in those aviation operations that impact
high altitude airspace and contribute to increased congestion at capacity constrained
airports.

The current aviation system is constrained by limited available capacity at
critical major metropolitan airports and is increasingly unable to meet projected
future demand. The system also is constrained by outdated technology and
procedures that limit the utilization of available airspace. In addition to meeting
these challenges, the FAA also faces internal challenges to meet future controller
staffing needs given that almost half of its existing controller workforceis expected
to retire over the next decade. The FAA aso faces significant challenges in
reformingitsorganizational culturewhich historically hasbeen blamed for consistent
cost overruns, schedule dlips, and performance shortfalls in maor air traffic
modernization projects.

Two new organizationswithin the FAA — the Air Traffic Organization (ATO)
and the Joint Planning and Development Office (JPDO) — are viewed as key
elements of organizational reform that may be closely scrutinized by Congress and
administration policymakers to ensure that they effectively manage the
implementation of near term and long range capacity enhancement efforts. The key
challengesfor these organi zationsisto devel op and execute capacity expansion plans
that appropriately invest in airport infrastructure, air traffic system technology, and
operational procedures to keep pace with expected growth in demand for air travel
while maintaining or improving upon current levels of safety and efficiency.
Possible strategies for meeting these objectives include implementing free flight
concepts that will allow more autonomy and direct routing of aircraft to better
optimizeairspace utilization; safely reducing aircraft separation standardsto increase
capacity in crowded airspace; effectively implementing automation and decision
aiding technologies to improve airspace utilization and traffic flow; and expanding
and reconfiguring existing airport infrastructure. In addition, demand management
strategies, such as curtailing peak hour flights or implementing slots or quotas may
be examined as meansto align demand with available capacity at congested airports.
The FAA’sinvestment strategy for meeting these capacity needsis aso likely to be
of considerable interest in future years as significant funding challenges may arise
because of possible aviation trust fund shortages and a history of significant cost
overrunson major airspace modernization projects. [ Thisreport will not be updated.]
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Avoiding Gridlock in the Skies: Issues and
Options for Addressing Growth in Air Traffic

The demand for air travel over the next 15 years is expected to grow
significantly necessitating the expansion of the national airspace system. Passenger
boardings are expected to increase by almost 60% compared to pre-September 11,
2001 levels.* Systemwide, air traffic operations are expected to increase by about
15%, including a 30% growth in air transport and commercial operations. At the
nation’ s 35 busiest airports, total operations are expected to increase more than 34%
by 2020. To expand system capacity to meet this projected growth, the Department
of Transportation has unveiled an ambitious plan calling for athreefold increase in
systemwide capacity over the next 15to 20 years. However, at least inthe near-term,
planned capacity enhancement projects are expected to lag slightly behind projected
growth in aviation operations. Therefore, to meet future demand novel approaches
may be needed to expand system capacity while maintaining system efficiency and
safety.

Speaking before the Aero Club of Washington in January 2004, Secretary of
Transportation Norman Mineta unveiled his plan for the future of the national
airspace system and set the bar for expanding its capacity:

Unlesswe act now, our leadership [in aviation and aerospace] isin jeopardy, and
we could be facing gridlock in our national airspace. ...Therefore, | have
launched an initiative to galvanize America’s energies to design the Next
Generation Air Transportation System. A cleaner, quieter system based on 21*
century technology that will offer seamless security and added capacity torelieve
congestion and secure America’s place as a global leader in aviation’s second
century. ...\We will harness technology in away that triples the capacity of our
aviation system over the next 15 to 20 years.?

Experts have expressed concerns that, unless the FAA addresses the impact of
anticipated growth in air traffic, flight operations are likely to be constrained by
under-capacity in the national airspace system, especially at the nation’s busiest
airports. While clearly a significant increase in capacity is likely to be needed,
tripling system capacity — as Secretary Mineta’ s vision aspires to do — appearsto
be an extremely lofty goal to attain. Nonetheless, additional capacity is especialy
needed at severa of the nations busiest airports that are already operating at or

! Based on FAA Terminal Area Forecast (TAF) model. Pre-September 11, 2001
comparisons use 2000 data as the comparison basis.

2 Remarks for the Honorable Norman Y. Mineta, Secretary of Transportation. Securing
America’s Place as Global Leader in Aviation’s Second Century. Aero Club of
Washington, Washington, DC, January 27, 2004. U.S. Department of Transportation, Office
of Public Affairs.
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slightly above their theoretical capacity limits during peak travel times and in poor
weather scenarios.?

Infact, if capacity could be doubled over the next 20 years, these enhancements
will likely be sufficient to provide enough headroom to accommodate projected
growth in aviation operations for about the next 30 years. However, many remain
skeptical whether even this goal is achievable and worry that, unless significant
changes occur, the national airspace system is destined to be constrained by under-
capacity at the nation’ s busiest airports and an inability to expand the infrastructure
and effectively implement technol ogy and procedural changestoair traffic operations
to alleviate congestion and delay. These critics point to FAA’s historic faillures to
effectively manage major acquisition projects, large looming costs for air traffic
operationsand capacity enhancement projects, and possibleshortfalls intheaviation
trust fund as major hurdles standing in the way of progress to fully implement the
next generation air transportation system (NGATYS).

Severa challenges have been identified that may limit the FAA’s ability to
significantly increase the capacity of the national airspace system over the next 15to
20 years. Onesignificant challengeisovercoming FAA’ straditional organizational
culture that has, in the opinion of many, failed to effectively develop a
comprehensive national strategy for enhancing capacity and failed to effectively
manage major acquisition efforts designed to address capacity needs.* A second
factor isthat thereis arelatively high degree of uncertainty and risk associated with
many of the proposed programs designed to enhance capacity. While some of that
risk can be tied to FAA’s past performance in managing airspace modernization
projects, it should also be recognized that the complexity of the technology and the
national airspace system pose significant technical chall engesthat expose both short-
term and long-range plans for enhancing aviation capacity to considerable risk. A
third factor isthe potential lack of available capital to fund capacity-related projects
and programs. Possible revenue shortfallsin the airport and airways trust fund and
potential cuts to the FAA’s facilities and equipment account could significantly
impede progress toward enhancing capacity. |If these current funding challenges
persist, FAA islikely to face difficult decisions in prioritizing capacity enhancing
projects over the next several years.

This report examines. factors influencing the forecast growth and changing
characteristics of flight operations in the national airspace system; factors affecting
the ability to expand airport and airspace capacity to meet future demands; and the
impact of capacity constraints on flight operations and aviation safety. This report
also examines several possible strategiesto expand system capacity, many of which
are being implemented or evaluated by the FAA and Congress. These strategiesfall
into four broad categories: 1) airport expansion and infrastructure improvements; 2)
technology options to improve traffic flow and safely reduce aircraft separation; 3)

3 See Federal Aviation Administration. Airport Capacity Benchmark Report 2001.

4 See, especially, U.S. General Accounting Office. Air Traffic Control: FAA's
Modernization Efforts — Past, Present, and Future.” Statement of Gerald L. Dillingham,
Director, Physical Infrastructure I ssues Before the Subcommittee on Aviation, Committee
on Transportation and Infrastructure, House of Representatives, October 30, 2003.
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strategic plans and tactical tools to improve traffic flow and respond to delay-
inducing events; and 4) market based solutionsto alter the demand characteristics of
flight operations at busy airports and in congested airspace. Finally, this report
examinesthefiscal needsand funding chall enges associated with implementing both
near-term and long-term programs to improve aviation system capacity.

Factors Affecting Growth in Air Traffic Operations

Severa factorsare expected to affect thegrowthinair traffic operationsover the
next severa years. Behind all of these factors is the country’s overall economic
growth. Another key underlying factor isthe growth in U.S. population, and more
importantly, the population shift into major metropolitan areas and corresponding
economic growth in these areas. Additional factors include the increased use of
smaller commuter jets, more point-to-point routesfor airline service, and significant
growth in business jet operations. The net result of these factors is a forecast
averageannual growthrate of about 4.4%inairbornehoursfor airlines(includingall-
cargo carriers), commuter operators, and business jets. These operations will most
significantly impact the busiest commercia and general aviation reliever airportsin
the United States, airspacein major metropolitan areas, and certain busy high altitude
corridors.

Impact of Overall Economic Growth on Aviation

Future demand for aviation islikely to closely track projected growth in gross
domestic product (GDP). In fact, projected GDP growth is the main factor
consideredin FAA’ sforecast assumptionsfor aviation demand over thenext 10 years
and has historically been an excellent long-term predictor of growth in the aviation
industry. Analysis of historic data from 1976 to 2003 indicate that the correlation
between GDP and passenger boardingsis0.97, and the correl ation between GDP and
the total number of air carrier, air taxi, and other commercia operations is 0.94.°
Over the past few years, however, this has not been the case. The response to the
September 11, 2001 terrorist attacks, adeclinein air travel during the initial phase
of the U.S. war with Irag, and impact from the 2003 severe acute respiratory
syndrome (SARS) outbreak haveall beenidentified as contributorsto the significant
decline in aviation operations over the past four years that could not have been
foreseen. In fact, when the years between 2001 and 2003 are removed from the
analysis, the correlation between GDP and passenger boardings risesto amost 0.99
and the correlation between GDP and commercial operationsisamost 0.97. Asthe
aviation industry recovers from these unprecedented events, passenger demand and
operations are expected to resumeatrack of growth that closely parallelstheforecast
risein GDP barring any unforeseen eventsthat could significantly alter thisprojected
growth pattern.

® CRS cdculations of correlation between OMB historical dataof GDP and FAA terminal
areaforecast (TAF) historical dataof systemwideenplanementsand operations. Correlation
values measure how closely related two variable are and range between -1 and +1. Since
the correlations between GDP and passenger boardings and GDP and flight operations are
closeto 1, thesevariablesare considered to be closely related. However, thisdoesnot imply
that there is any causal relationship between these variables.
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Whilethe FAA expectsthat other economic factors, such asthe consumer price
index (CPIl) and fuel costs, will have a negligible impact on forecast growth in
aviation operations over the next 10 years, anticipated changes in the shape of the
aviation industry may raise the significance of these factors in predicting future
demand for aviation operations. For example, rising fuel costs to the aviation
industry could drive up airlineticket pricesthus slowing demand for air travel. Such
factors are likely to become more important considerations as the aviation industry
shiftstoward aconsumer base consisting of moreleisuretravel erswhose purchasing
patterns tend to be more cost sensitive. Competition among low-cost carriersin a
market of cost conscious consumerswith ready accessto ticket pricing dataover the
internet is likely to keep airline prices relatively low and demand high. The
emergence of other aviation options for business consumers, such as fractional
ownership programs for business jets and lower cost mini-jets, may result in further
shift the demand characteristics for airline travel and alter the composition of
operations in the national airspace system.

Population Growth in Metropolitan Areas

Since the end of World War Il, magor metropolitan areas have grown
significantly (see Figure 1). By 2000, more than 80% of U.S. residents were living
in metropolitan areas. Fifty of these metropolitan areas had populations greater than
1 million people and these areas were home to 57% of the total U.S. population.®

Theresultingimpact of theincreasing popul ation concentration in metropolitan
areason aviation isreflected by a high density of air traffic operations and concerns
over capacity at a relatively small number of commercial and general aviation
reliever airports located within these major metropolitan areas. In fact, out of more
than 400 airports with commercial service in the United States, the FAA currently
identifies only 35 commercial airportsin its near-term strategic plan for enhancing
the capacity of the national airspace system— theoperational evolution plan (OEP).’
All of the airports listed in the OEP are located in major metropolitan regions with
morethan one and one-half million inhabitants. These 35 airports, referred to asthe
OEP-35 airports, handled 57% of all commercial operations at towered airports
between FY 1999 and FY 2002.

While capacity constraints, delays, and environmental considerationsarelikely
to be the most significant issues for these large metropolitan airports, the continued
availability and adequacy of serviceislikely to be achallenge for airports outside of
these major popul ation centers, many of which haveaready lost air serviceasaresult
of airline industry cutbacks.® In other words, while major metropolitan areas are
likely to face challenges in meeting aviation capacity needs, airportsin small cities

® Frank Hobbs and Nicole Stoops. Demographic Trends in the 20" Century: Census 2000
Foecial Reports. U.S. Department of Commerce, U.S. Census Bureau, CENSR-4,
November 2002.

" Federal Aviation Administration. Operational Evolution Plan (Version 6.0), 2004-2014.

8 Michael Allen. Crisisin Small Community Air Service. BACK Aviation Solutions: New
Haven, CT.
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may face difficulties in maintaining adequate air service. Thus, aviation capacity is
largely a geographicaly specific issue affecting service to and from major
metropolitan commercial and general aviation reliever airports and the flight
corridors interconnecting these major population centers.

Figure 1. Population Growth in Metropolitan Areas Since 1950
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Besides population growth, high income growth in a metropolitan region may
increase demand for both airline travel and business aviation. Recognizing the
influence of both population and income growth in major metropolitan areas on air
traffic demand characteristics, the FAA and the MITRE Corporation’s Center for
Advanced Aviation System Devel opment (CASSD) recently rel eased adetail ed study
of aviation capacity needs over the next 15 years.’

The study identified five airports across the country where additional capacity
is aready needed: Hartsfield-Jackson Atlanta International (ATL), Newark Liberty
International (EWR), New York LaGuardia (LGA), Chicago O’'Hare (ORD) and
Philadelphia International (PHL). Atlanta, Georgia was identified as the one
metropolitan area already in need of additional capacity because it lacks a second
commercial airport to offload some of the ATL traffic. However, the study found
that the completion of a fifth runway at ATL should meet Atlanta's additional
capacity needs, at least until 2020.

The study concluded that by 2013, 15 airports will need additional capacity
improvements, assuming planned enhancements at airports are completed before
then. All three mgjor airportsin the New Y ork metropolitan area (EWR, LGA, and
Kennedy International (JFK)) made the list as did three airports in the Los Angeles

° Federal Aviation Administration and The MITRE Corporation. Capacity Needs in the
National Airspace System: An Analysis of Airport and Metropolitan Area Demand and
Operational Capacity in the Future. June 2004.
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area. If planned improvements don't occur, the total number of airports needing
additional capacity may rise as high as 26.

According to the study, by 2020, the number of airports needing additional
capacity will grow to 18 assuming planned enhancements stay on track before then.
An additional 23 airports were identified as potentially needing additional capacity
by 2020 if planned improvements are delayed or cancelled. For some metropolitan
areas, the outlook is not particularly promising. In Los Angeles, for example, if
planned enhancements don’t occur, additional capacity will be needed at all major
commercial airports and two key reliever airports. Even with the planned
enhancements in place, the Los Angeles metropolitan area will face significant
capacity constraintsin the next 10 to 15 years.

Whilemajor metropolitan areaslikeLosAngelesand New Y ork facesignificant
challengesto meet aviation capacity needs over the next 15 years, capacity needsare
not limited to the largest metropolitan areas and the current busiest airports. For
example, the study found that the fast-growing metropolitan areas of Austin and San
Antonio, Texas, and Tucson, Arizona, while not included in the OEP-35, are
anticipated to have a significant need for additional capacity over the next 15 years
spurred by large economic growth. In sum, the capacity needs study identifies
significant challenges ahead for meeting aviation capacity demand in large and fast-
growing metropolitan areas.

Increased Use of Smaller Jets

Besides population growth in metropolitan areas, the shift toward using more
smaller jetsin schedul ed service and expansion of the businessjet market isexpected
to increase the operational load of the national airspace system.

Many are anticipating the arrival of Airbus A-380, the world's largest
commercial airliner, whichisexpected to enter servicein 2006. However, the A-380
istargeted at long-rangeinternational operationsand isexpected to haveanegligible
impact on ai rspace capacity considerationsdomestically, especially sinceno domestic
passenger airline has placed an order for even one of these airplanesto date. Infact,
the projected trend in the domestic U.S. market isactually toward smaller jets rather
than larger jets both in the airline industry and also in charter and general aviation
operations. The net effect of large anticipated growth in the market and utilization
of these smaller aircraft is an expected increase in traffic at both commercial and
general aviation reliever airports.

Regional Jets. Regiona and commuter airlines have been, and continue to
convert their fleets from turboprop aircraft to faster regional jets that appea to
consumer demand for jet service. Regiona jet manufacturers, chiefly Canadian
maker Bombardier and Brazilian manufacturer Embraer, continue to produce large
numbers of aircraft for the 50 to 90 seat regiona market and are now developing
larger aircraft that will seat up to 120 passengersto competewith theBoeing 717 and
Airbus A319. FAA dataindicate that the number of regional jets flown by regional
and commuter carriers has increased by about 550% since 1998. The growth in
regional jetsisexpected to continue, but at areduced rate: the number of regional jets
is expected to double compared to current fleet size by 2015. This increase in
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regional jetswill only be slightly offset by a modest decline in the use of turboprop
aircraft. Overal a net increase in regional and commuter fleet size of 50% over
current levelsisforecast (see Figure 2).

Figure 2. Fleet Composition for Regional and Commuter Operators
(Passenger Aircraft > 30 Passenger Seats)
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Whilethe size of the overall regional and commuter fleet (including turboprop
and turbojet aircraft) is anticipated to increase by 50% over the next 10 years, the
utilization of theseaircraft isexpected toincrease by 60% over that sametimeperiod,
indicating anincreased reliance onthesesmaller airplanes. Likefleet size, utilization
of commuter and regional jetsisexpected to increase morethan twofold by 2015 (see
Figure 3).

However, skeptical industry experts have questioned these optimistic growth
projections for regional jets. These analysts point out that — along highly
competitive routes with competition from low-cost carriers — operating small jets
is more costly than operating larger jets simply because there are fewer revenue-
generating seats to offset the fixed unit operating costs. They reason that, if cost,
schedule, and other factorsarerelatively equal, consumerswould rather travel onthe
larger jets anyway. Skeptical analysts also caution that airlines have over-bought
regional jetsin the 50 passenger seat sizerange, and there may soon beaglut of these
50-seat aircraft on the used aircraft market.'

Regional jets play a critical role in serving smaller markets. Their future,
therefore, dependsto alarge extent on airlines finding waysto make a profit serving
thesemarkets. Sincetheregional jetshavehistorically been run by network affiliates

19 Eric Torbenson. “Smaller jetslift profits, but have airlines overindulged?’ The Dallas
Morning News, June 5, 2004.
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of major legacy air carriers, many of whom are now financially troubled, the once
certain prospects of continued growth intheregional jet market reflected inthe FAA
forecastsisnow much moredoubtful. What thereisgreater certainty about, however,
istheforecast growth in passenger volumethat isdriving thesetrends. How regional
jets fit into the airlines strategic plans to meet this demand is much less certain.
Perhaps they will grow as forecast, or perhaps they will be replaced by large
passenger jetsin many markets. If regional jet operations do grow as forecast, they
are likely to have a very large impact on system capacity, especially at busy hub
airports.

Figure 3. Fleet Utilization for Regional and Commuter Operators
(Passenger Aircraft)
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Business Jets and Mini-Jets. While negligible growth is expected in
operations of piston-engine and turboprop aircraft used for general aviation and air
taxi operations over the next 10 years, significant growth in business jets and very
small jet aircraft, referred to by many as mini-jets, is anticipated by some. Whether
thistrend playsout as someanticipatewill largely depend on the overall health of the
U.S. economy asthe business jet marketplace has historically been very sensitive to
economic conditions. From an air traffic management standpoint, this projected
trend will likely have alarge impact. These operationswill likely place significant
demands on high altitude airspace, congested airspace around major metropolitan
areas, and particularly at general aviation reliever airports and those commercial
airports that have a fair amount of genera aviation operations in addition to
commercial traffic.

Two specific trends are likely to spur continued growth in the business jet
market. Thesetrendsarethe proliferation of fractional ownership programsand the
introduction of relatively low cost mini-jets. Both of these trends are viewed as
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opening up the aviation marketplace to many customers who previously viewed
aircraft ownership ascost prohibitive. Theincreasedflexibility intrip scheduling and
availableairportsthat businessjets can operatein and out of, coupled with the ability
to avoid many of the hassles of airlinetravel, such as parking, ticketing, and security
screening, is likely to prompt business travelers and corporations to consider
fractional ownership programs and mini-jets as alternatives to airline travel.

Fractional Ownership. One specific source of the large growth in business
jet operations isthe exponential growth in fractionally owned aircraft. In fractional
ownership arrangements, corporations or individuals purchase an interest in aslittle
as 1/16th of an airplane (or 1/32nd of a helicopter) and typically pay afixed fee for
operationsand maintenance. Largefractiona ownership management companieslike
NetJets and Bombardier Flexjet provide fractional owners with access to all
comparable and smaller sized aircraft in their fleet thus providing owners with on-
demand access to a entire fleet of business jets at a small fraction of the typical
purchase and operating cost of just one airplane. In essence, this arrangement
providesthe fractional owner with afixed number of hours of flight time usageina
jet of a particular size each year. More recent innovative approaches, such as the
Marquis Jet Card program offered by NetJets, allow businesses and individuals to
purchase flight timein 25-hour increments, thus providing access to business jets at
an even lower cost than buying into a fractional ownership program.

Fractional ownership programs and charter flight-time purchase programs like
the Marquis Jet Card are likely to attract a significant number of corporations and
individuals to business aircraft operations who would have otherwise viewed the
costs of owning and operating business aircraft to be prohibitive. The fractional
ownership concept — althoughfirstintroduced inthemid 1980s— wasstill virtually
unheard of 10 years ago. However, over the past 10 years, fractional ownership
programs have seen exponential growth (see Figure 4). In the last four years,
fractional ownership hasgrown by 62%. Thistrend isexpected to continue. Experts
believe that only a small amount of the potential for fractional ownership has been
developed so far, and forecasts estimate that the number of fractional shares will
reach 7,000 and the total number of fractional aircraft will be about 1,200 by 2007.
Fractional ownership isexpected to account for about 100 aircraft deliveries per year
through 2012. By then, fractional aircraft are expected to comprise almost 1/4th of
the business aircraft market.™*

11 National Business Aircraft Association. NBAA Business Aviation Factbook 2004.
Washington, DC.
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Figure 4. Fractional Ownership of Aircraft
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Very Light Jets. Another trend that islikely to attract new customersto the
businessjet marketplacein the near futureisthe anticipated entry of several low-cost
very light jets (VLJs), with typical seating configurations for 5-6 passengers. The
VLJscurrently under development will have cruiseairspeed capabilitiesof about 400
miles per hour and will fly along high altitude routes (above 18,000 feet) along with
airliners and larger businessjets. First generation mini-jets such as the Eclipse 500
jet and Adam Aircraft A700 Adamijet are expected to enter full scale production in
2007 and will sell inthe $1-1.5 million price range. Not to be outdone by these new
entrants, established business jet manufacturers like Cessna and Raytheon-
Beechcraft, are now offering small entry-level jets aswell.

These aircraft may not be limited to just private or business use. For example,
Donald Burr, founder of People Express, and Robert Crandall, a former CEO of
American Airlines, have teamed to form a startup air taxi corporation and placed a
75 aircraft order for the A700 AdamJet.** The mini-jet concept istoo new to foresee
whether they will attract asizablemarket for air taxi operations. Historically, air taxi
operationsusing small aircraft have met with only limited success anywhere besides
Alaska, Hawaii, and in somewestern states because of consumer reluctanceto fly on
small airplanes. The ultimate success of ventures such asthesewill likely depend on

12 Adam Aircraft Industries, Inc. Adam Aircraft Announces$150 Million Order For ItsNew
Breed Of Personal Jets. Press Release. Englewood, CO, May 24, 2004.
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the ability to establish awell proven safety record for these small jets. Successis
alsolikely to depend heavily on identifying and exploiting niche marketswhere such
service can provide a cost effective alternative to other modes of transportation.

Whiletheoverall impact of newly introduced and forthcoming mini-jetsremains
largely unknown, the market for mini-jets, particularly from fractional ownership
programs and private owners appears promising for manufacturers. With so many
companies vying for a stake in the mini-jet market, clearly there are great
expectations of high demand for these airplanes.

The net effect of these trends — the proliferation of mini-jets and fractionally
owned businessjets— will likely beasignificant increasein general aviation and air
taxi jet operations. Thisisimportant becausethese operations, unliketypical general
aviation operations using smaller piston-engine airplanes, will impact high altitude
airspace and airspace around major metropolitan areasto amuch greater extent. By
2015, thefleet sizefor general aviation and air taxi jetsis expected to double and the
total usage of these aircraft, expressed in terms of hours flown, is expected to
increase by 80% (see Figure 5). Thisgrowth is significant because general aviation
and air taxi operations — a sector that is not nearly asvisible asthe airlinesto most
observers— isexpected to maintain about 20% of the share of thoseflight operations
that impact congested airspace.

Figure 5. Historic Data and Forecast Growth for General Aviation
and Air Taxi Turbojet Operations
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Low-Cost Carriers

Another trend that is aready shaping growth in aviation operations is the
increasing prevalence of low-cost passenger air carriers. Low-cost carriersisaterm
used to refer to airlineswhose business modelsgenerally involve simplified pricing
schemes and service along mostly point-to-point routes. ExamplesincludeAirTran,
Spirit, Frontier, Independence Air, Southwest, and JetBlue. By comparison, legacy
carriers, the other segment of the airline industry, employ business models that
consists primarily of hub and spoke systems where smaller markets are linked to a
carrier’s network through large hub airports such as Atlanta, Chicago, Dallas-Fort
Worth, Minneapolis-St. Paul, Detroit, Denver, Charlotte, and so on.

In arecent study comparing low-cost airlinesto legacy carriers, the GAO found
that, despite major effortsto cut expenses, legacy airlines have been unsuccessful in
sufficiently reducing costs to be competitive with low cost carriers.™® Unit costs, a
key determinant of profitability in competitive markets, are significantly lower at
low-cost airlines largely due to lower labor and asset-related costs. Consequently,
several low cost carriers have been able to maintain profitability in the weak post-
September 11, 2001 market for air travel whereas legacy carriers have collectively
lost billions of dollars. In response to the growth of low-cost carriers, several major
carriers have launched spinoff operationsthat mimic the business model of low-cost
carriers. Examplesinclude Delta s Song and United Airline’'s Ted.

Presently, with four legacy airlines in bankruptcy and escalating fuel prices,
low-cost business models and practices have been adopted by many as a means of
controlling costs. However, adopting alow-cost carrier model is not by any means
aguarantee of success asdemonstrated by the recent demise of Independence Air—
aformer regional partner of United Airlines that struggled in its short history as a
low-cost competitor and closed its doorsin early January 2006. Also, while United
isforging ahead with its subsidiary, Ted, as part of Delta' s restructuring, the Song
brand is being eliminated, and Song airplanes are being reintegrated with Delta's
mainlinefleet. Over the past five years, the industry has been very dynamic, which
likely created some oversupply of flights in the market placing additional strain on
capacity. Many industry experts believe that this situation is unsustainable and that
ultimately a marketplace with fewer carriers and higher load factors (filled seats on
flights) will prevail. A sharp increase in fuel prices during 2005 has prompted
airlinesto restructure schedules to increase | oad factors as much as possible. While
such factors may reduce congestion somewhat in the short term, this may be offset
by the low-cost carrier model which relies more heavily on point-to-point service.
Thismay result in anincreased concentration of flights on very specific routes, such
as between Northeast cities and Florida destinations, as compared to the hub-and-
spoke model used by legacy carriers which, on the other hand, tends to concentrate
operations at specific hub airports like Atlanta and Denver.

13 United States General Accounting Office. Commercial Aviation: Despite Industry
Turmoil, Low-Cost Airlines Are Growing and Profitable. Statement of JayEtta Z. Hecker,
Director, Physical Infrastructure — Testimony Before the Subcommittee on Aviation,
Committeeon Transportation and I nfrastructure, House of Representatives. GAO-04-837T,
June 3, 2004.
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Increased Point-to-Point Service

The hub and spoke system offers extensiveflexibility in routing and centralizes
operations in a manner that can limit the impact of maintenance and operations-
related delays and cancellations at airlines hub facilities. However, the hub and
spoke system is susceptible to weather-related delays and cancellations due to
thunderstorms, heavy snow, or other extreme weather conditions at hub locations.
On the other hand, point-to-point service— favored by many of thelow-cost carriers
— isless susceptible to having weather-rel ated delays impact large portions of their
operations. However, thistype of operation is more susceptible to maintenance- or
operations-related del ays because their network is more decentralized and therefore
the availability of maintenance and operations support is more limited.

There is little doubt that, in order to survive, airlines will increasingly adopt
low-cost strategiesto control costsand maintain or achieveprofitability. What isless
certainis: towhat degreewill low cost airline operations continueto rely on point-to-
point operations, and if and to what extent will growinglow-cost carriersevolvetheir
operations into a hub-and-spoke model? Given that there are advantages and
disadvantages to both operational models, hybrid models that incorporate best
business practices of each are likely to emerge.

To some degree legacy carriers are already implementing hybrid operational
model sasameansto reduce costs. For example, American Airlines hasimplemented
what they call arolling-hub or ahub de-peaking strategy, in which they have reduced
the number of connecting flights through their main hubs such as Dallas-Forth
Worth, TX (DFW). The strategy results in longer waits for connecting flights on
average. While this strategy reduces operating costs by reducing the number of
flights, because of the longer layovers it may be less appealing to consumers,
especialy in markets where alternative point-to-point serviceis available from low-
cost carriers. While such a model may have the effect of reducing congestion at
hubs, its long term system-wide impact on capacity will largely be determined by
consumer demand characteristics which may favor point-to-point service in some
cases, particularly along busy, competitive routes.

The ability to address national airspace system capacity needsto alarge extent
hinges on the ability of policymakersto foresee how these market-based trends will
affect airline business practices in the future. In this evolving marketplace for
aviation services, policymakers may need better tools for modeling and predicting
market factors and examining the effects of capacity enhancement efforts in the
larger context of changing demand characteristics on the aviation system. Nowhere
is this more true than in predicting future traffic at major hubs, especially since a
large proportion of these hub operations are tied to specific business practices of
financially troubled air carriers.

The Future of Hubs

Aslow cost carrierscontinueto compete by offering more poi nt-to-point service
in selected markets and legacy carriers follow suit, experts have raised questions
about thefuture prospectsfor some of the nation’ sbusiest hub airports. For example,
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U.S. Airwayssignificantly scaled back flight operationsfromitsPittsburgh (PIT) hub
to cut costs.* Since PIT does not have a high volume of origination and destination
passengers despite having a metropolitan area population of more than 2 million, it
is unlikely that a competitor will pick up the slack. In the current economic
environment, where legacy carriers operating hub-and-spoke networks continue to
seek cost cutting measures, the outlook for just about any secondary hubisuncertain.
For US Airways, who also operates hubs in Charlotte, North Carolina (CLT) and
Philadelphia (PHL), PIT is seen as having very little strategic importance in its
current restructuring plan and is not considered an attractive location for any other
carrier to fill in the gaps |eft as US Airways scales back operations.’

For other secondary hubs, like Delta Airline' s Salt Lake City (SLC) operation
and Delta Connection’ s Cincinnati/Northern Kentucky (CVG) facility, the futureis
also uncertain. Prior to Delta’s bankruptcy filing, traffic at SLC continued to lag
behind other Delta hubs and Delta moved to reduce mainline flights there and
increase the presence of its regional partner’s Delta Connection flights. Whether
large legacy carriers will be able to maintain and grow their multi-hub networks
remains questionable, and in the short-term, more consolidation of hub operations
may occur. What may also occur, with the shift toward moreregional jet operations,
is the expansion of regional jet hubs like Delta Connection’s Cincinnati/Northern
Kentucky (CVG) facility. Regional hubs, where regional partners can link to
mainline flights, appeared to be a major focus of Delta’ s restructuring efforts prior
to entering bankruptcy, although since filing for bankruptcy Delta has scaled back
flights at CVG by amost 25%. Despite this change of course, other airlines may
shift toward moreregional jet operationsand manufacturers remain optimistic about
the utilization of larger regional jets in the 70-100 seat range as compared to
declining utilization for 50-seat models. Northwest Airlines, also restructuring under
bankruptcy protections, recently announced plans to launch a new low-cost
subsidiary, tentatively named NewCo, in 2007 that will operate these larger regional
jets.™® If and how thisrestructuring will impact operationsat Northwest’ shubsin the
long term remains unclear.

Knowing where future hubs operations will be concentrated is obviously of
particular interest for understanding future capacity needs. However, besides the
major hubs and major population centers, where continued high volumes of
operations are likely, the long-range outlook for specific large airports may be hard
to predict. For example, Saint Louis-Lambert Field (STL) lost its status asamajor
hub when American Airlinesbought TWA. Asaresult, airline operationsthere have
dropped by 60% there over the past four years. However, STL’s geographically
central location and existing hub infrastructure could make it an attractive hub
location in the future for regional operations or perhaps an expanding low-cost
carrier. While the location of possible future hubsis difficult to foresee, the impact
of certain distributions of operations on the national airspace system can be modeled

14 Steve Lott. “US Air May Cut One-Third of PIT Departures In November.” Aviation
Daily, July 21, 2004.

5% Are Hubs An Endangered Species?’ Airline Business Report, 22(3), January 19, 2004.
16 “Northwest To Launch Low-Cost Carrier In‘07.” Brandweek, January 9, 2006.
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and simulated so that decision-makers and airspace planners can be better poised to
address different growth patterns in aviation operations as they unfold.

The Net Effect on Capacity Straining Operations

The aforementioned trends are expected to contribute to increased flight
operations in capacity constrained areas of the national airspace system. Thetypes
of flight operations considered most likely to be limited by capacity constraints
include operations: in high atitude airspace (airspace above 18,000 feet referred to
as Class A airgpace); in congested airspace around major metropolitan areas (Class
B and some Class C airspace); and at busy commercia airports and genera aviation
reliever airports in major metropolitan areas. Flight operations of 1) airliners, 2)
commuter and regional operators, and 3) general aviation turbine-powered aircraft
are considered most likely to impact capacity constrained airports and airspace.
Overall airborne hoursinthesethree categoriesof operationsare expected toincrease
by 44% over the next 10 years (see Figure 6). The largest percentage growth in
airborne hours is expected to be in jet-powered general aviation aircraft (95%),
followed distantly by large air carriers flying both passenger and cargo operations
(39%). The expected growth in airborne hours among regional and commuter
aircraft will not be quite as large, but will nonetheless be significant (34%). Large
carrier operations, which currently represent 64% of total airbornehoursamongthese
three categories, will grow more slowly than general aviation jet and commuter and
regional operations. By 2015, large carrier operations are expected to still make up
61% of these capacity straining operations, only three percent less than the current
level. Nonetheless, the composition of flight operations 10 yearsfrom now could be
quite different than today with smaller jets, and particularly general aviation
turbojets, accounting for alarger percentage of the mix.

Figure 6. Historic Data and Forecast Growth in
Airborne Hours
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Factors Affecting Airport and Airspace Capacity

Based on FA A forecasts and capacity growth assumptions, the projected growth
in aviation operations is likely to outpace projected capacity expansion for the
foreseeable future at major metropolitan airports, in crowded terminal airspace
around major metropolitan regions, and along certain high atitude corridors.
According to the latest version of the FAA’s Operational Evolution Plan (OEP),
while system-wide capacity has increased about 6.5% over the past four years, it is
expected to increase by only 27% by 2013 compared to the effective capacity in
2000. While this reduction in projected capacity enhancement may simply be a
reflection of different forecasting methods or assumptions or a reflection that
capacity enhancements in the previous plan were realized sooner than expected, it
could also be a preliminary indicator of afuture slowing trend in capacity growth.
There is a potential concern that beyond the 10-year time frame examined in the
OEP, there may be a diminishing margina gain in capacity over time. In other
words, unless new approaches are applied to the problem of aviation capacity as part
of along term strategy, it may become more and more difficult to enhance system-
wide capacity using methods applied in the OEP beyond this time frame. Several
factors including available capacity at major airports, current airspace design, air
traffic controller staffing, and the FAA’ sorganizational culture could provideunique
challenges to enhancing the capacity of the aviation system to meet the growth in
demand for aircraft operations.

Available Capacity at Major Airports

To assess available capacity at the nations busiest airports, the FAA conducted
capacity benchmark studies in 2001 and 2004, detailing the available capacity at
theseairports and comparing thisavail able capacity to actual trafficlevels.” In2001,
the FAA released its initia capacity benchmark report detailing the maximum
number of hourly flights that can be accommodated at the nation’s 31 busiest
airports.”® This study defined the envelope of aircraft arrival and departure rates at
these airports under optimum, good weather, conditions and under reduced rate
conditions when visibility requires radar separation standards and procedures to be
implemented. The study found that many of the busiest airports, including the eight
most del ayed airports, operated closetotheir available capacity level sand sometimes
exceeded these levels during peak hours, especially when these peak periods
coincided with poor weather conditions. Capacity loss due to weather can be quite
significant, but varies significantly from airport to airport depending on differences
in runway configurations and foul weather procedures. Airports such as Cincinnati
(CVG) and Minneapolis-St. Paul (MSP) have a minimal capacity loss during bad

' Federal Aviation Administration. Airport Capacity Benchmark Report 2001; Federal
Aviation Administrationand TheMITRE Corporation. Airport Capacity Benchmark Report
2004. September 2004.

8 |n earlier versions of FAA’s OEP, only 31 airports were listed. Thelist of OEP airports
has now grown to 35.
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weather, whereas some airports, like STL and San Francisco (SFO), may lose as
much as 40 percent of their available capacity when visibility drops.

The revised benchmark study released in September 2004, modified the
methodology dightly to examine capacity under three different weather scenarios:
optimum, marginal, and low visibility — instrument flight rules (IFR). The study
was expanded to include the four airports added to the list of major airportsin the
operational evolution plan (OEP) and now provides benchmarks for all OEP-35
airports.

The 2001 benchmark study examined forward-looking projections of capacity
enhancement by 2010 assuming planned runways and new technologieswould bein
place by that time while the 2004 benchmark study projected future benchmarksfor
the OEP-35 airports in 2013 under the same assumptions that planned capacity
enhancement work was completed by that time. While the 2001 study found that
many capacity enhancement projects, such as new runways and new technologies,
were planned or underway, the cumulative capacity enhancement of these projects
often fell short of keeping up with projected growth in demand. In fact, at each of
the top six airports in terms of delays, projected growth was expected to outpace
planned capacity enhancements, on average, by over 9% percent in good weather and
by more than 10% during reduced visibility operations. Among the 8 airports
identified in the study as experiencing significant passenger delays, growth in
demand through 2010 was expected to average 14.8%, while runways and
technol ogies were expected to increase capacity, on average, by only 8.6% in good
weather and 7.7% during reduced visibility operations over this time period.® Not
surprisingly, the benchmark study concluded that the top six most delayed airports
plus Los Angeles International Airport (LAX) — ranked 12" overall in passenger
delaysat thetime of the study — would continue to experience significant passenger
delaysthrough 2010. The 2004 benchmark study did not provide growth projections
to make similar comparisons. However, based on the fact that the 2004 benchmark
projections of capacity enhancement achievable by 2013 are comparable to those
projected for 2010 in the 2001 benchmark, the expectation isthat growth in aviation
operations will continue to outpace system-wide capacity expansion.

Other trendsobserved inthe 2001 benchmark study further indicatethat, despite
ongoing and planned expansion projects, many airports will be unable to keep up
with projected growth in demand. For example, Orlando International Airport
(MCO), themost popular domestic leisuretravel destination, isexpanding to address
an anticipated growth in demand of 42 percent by 2010 compared to 2000 levels.
However, the combined impact of both a new fourth runway, now in operation, and
air traffic technologiesis expected to enhance capacity by only 28% in good weather
and 38% in poor weather. While this expansion is significant, it is not expected to
keep pace with projected growth. While MCO isexpected to seethelargest increase
in demand through 2010 of the 31 airportsstudied, several other airportsare expected
to be unable to increase capacity to meet their anticipated demand growth as well.

19 CRS calculations based on projections for each of the airports provided in: Department
of Transportation, Federal Aviation Administration. Airport Capacity Benchmark Report
2001.
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Of the 31 airports studied in the 2001 benchmark, only 6 are anticipated to grow
their capacity at levels sufficient to clearly outpace projected growth in demand
through 2010. One of those airports is the Atlanta Hartsfield-Jackson International
Airport (ATL), where the addition of afifth runway — expected to be completed in
June 2006 — coupled with enhanced air traffic technologies and procedures is
expected to increase capacity by 37% in good weather and 34% inrestricted visibility
by 2010. By comparison, projected growth at ATL during this period is expected to
increase by 28%. Consequently, the study concludes that these actions are likely to
alleviate delays.

For the past three years, the downturn in demand for aviation since September
11, 2001, has alleviated some of the need to implement this technology in the near
term. However, anticipated future growth is likely to prompt the need for
implementing these types of capacity-enhancing capabilities. The 2001 benchmark
study concluded that new runways, which were planned at 14 of the 31 airports
examined, can providethemost significant increases. Forecast increasesontheorder
of 30 to 60 percent appear achievable at most airports from the addition of new
runways. For some airports, that already have high capacity layouts like Denver
(DEN), an additional runway provides a much smaller gain in capacity. And in
some cases, new runways do not appear to be the solution to increasing capacity at
all. Specifically, the 2004 benchmark pointsto Boston’ sLogan International Airport
(BOS) asalocation that will not be ableto expand capacity by adding anew runway.
The new runway at BOS, expected to open in 2006, is anticipated to have no impact
whatsoever onincreasing capacity. However, thenew runway isexpected to mitigate
delays during poor weather assuming ground infrastructure and environmental
constraints support the operationa plansfor this runway.

Despite some exceptions like Boston, building new runwaysis seen as having
the largest system-wide impact on expanding capacity. In addition, technology
enhancements are seen as providing additional capacity gainsin the range of 3% to
8%, and procedural enhancementscould provideanother 5%to 10%gaininavailable
capacity at airports. Whiletechnology and procedural solutionswill play asmall but
important part of expanding capacity at airports, they arelikely to play amore central
role in expanding the capacity of en route and terminal airspace.

Airspace Design

The national airspace system has evolved over the years into its present day
form consisting of aweb of routes interconnected by ground based navigational aids
called very high frequency omnidirectional range (VOR) stations. These routes, or
airways, are often likened to highways in the sky. Along these airways, instead of
using lanes, opposite direction traffic is separated by altitudes. However, restricting
airplanes to airways does not make use of al available airspace. This can create
congestion on the airways which is compounded by large vertical separation
requirements implemented to keep aircraft at safe distances that were established
decades ago to allow for errorsin altitude equipment and altitude deviation by pilots
that today can be effectively controlled by more precise instrumentation and cockpit
automation to detect and prevent unintended altitude deviations. Also, following
alrways sometimes requires zig-zagging between points along the airway rather than
proceeding directly to thedestination airport. While, these maneuversonly add afew
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extraminutesto atypical flight, the additional fuel burn can be very significant for
anairlineor aircraft operator. Therefore, flying the most direct routes between origin
and destination can be beneficial for air traffic management as well as operational
efficiency. FAA is currently laying the regulatory and operationa frameworks for
such operations — referred to by many as free flight — based on precision satellite
navigation capabilities using the Globa Positioning System (GPS) augmented by
ground-based signals to better pinpoint an aircraft’s position in space.

Besideslimitationsimposed by the current airway system, high altitudeairspace
is aso limited by the number of available altitudes, or flight levels (FLs), that
airplanes can travel on. Opposite direction traffic has historically been separated by
2,000 foot altitude spacing above 18,000 feet to ensure adequate separation in cases
of instrument or pilot error. However, with improved altitude measurement and
monitoring capabilities, the FAA isphasing-in the use of 1,000 foot altitude spacing.
Thisreduction in atitude spacing down to 1,000 feet, referred to as reduced vertical
separation minimumsor RV SM, hasvirtually the same effect asdoubling the number
of lanes on an interstate highway. RVSM is initially being implemented between
29,000 feet and 41,000 feet (FL290 to FL410). It has aready been implemented
between these altitudes on ocean-crossing flights, and will be implemented in
domestic airspace by January 2005. Airplanes must meet special equipment
requirementsto operate at these atitudes. RV SM will likely be expanded to include
all high atitude airspace (above 18,000 feet, specifically, FL180 to FL600) in the
future.

In order to manage and control the flow of high atitude traffic, airspace is
broken up into regions, or centers, which are further subdivided into sectors. One
significant factor affecting the design of the national airspace system and its capacity
is ar traffic controller workload. Current demand characteristics result in a
concentration of east-west operations in airspace between Chicago, Boston, and
Washington, DC. The high altitude airspace monitored by controllersin Cleveland
Center is especialy busy as this tends to be the bottleneck for flights transiting
between the West Coast and Chicago and cities in the Northeast. Thereisalso a
heavy concentration of north-south traffic between Norfolk and Richmond, Virginia
and New Y ork, and to alesser extent along the California coast, especially between
Los Angeles and San Francisco. In these areas controller workload and the
segmentation of airspace to manage that workload can be a significant constraining
factor affecting capacity in high altitude airspace.

The strategies that the FAA has adopted to address these constraints is heavily
focused on the use of technology, automation, and pilot and controller decision aids
along with airspace redesign to assist with both the management and control of air
trafficin high atitudeairspace. Theseinitiativesarediscussed infurther detail inthe
section titled The “Free Flight” Concept.

Controller Staffing

Another challengefacing the FAA ismaintaining an adequate staff of air traffic
controllers (ATCs) to meet operational needs. In the past, between 1 and 2 % of the
controller workforce became eligible for retirement each year. There is a current
upward trend in the percentage of controllers that will be eligible for retirement,
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which has currently risen to between 3 and 4% per year and will peak at almost 10%
per year in 2007 and remain above 5% per year through 2011. The FAA has
estimated that 7,100 controllers, roughly 45% of its current workforce, will retire
over the next eight years.

Several factors are contributing to high demand for air traffic controllers over
the next 10 years. Foremost is the hiring wave in the early 1980s that occurred
following the 1981 dismissal of over 11,000 striking controllers. Sincean air traffic
controller career in the United States is structured around a 25-year service model,
it isto be expected that those hired in 1982, as many current controllerswere, would
be at or near the end of their careers by 2007. Another factor isthe lengthy training
required to fully train and certify an air traffic controller which typically takes about
two to four yearsto complete, depending ontheareaof specialization. Ascontrollers
retire, shortages of fully trained controllers for specific positions could occur,
especidly if staffing alocations and appropriate training is not initiated well in
advance of anticipated retirements. Another factor affecting controller staffingisthe
high labor costsfor ATCs. These high labor costs are heavily influenced by the fact
that many controllersare at senior levelsin the pay scale and under-staffing at many
facilities requires extensive use of overtime.?* The potential impact of these high
labor rates on addressing staffing shortages is that it may take away from available
funding needed to recruit, hire, and train the next generation of ATCs.

However, the number of air traffic controller positions is actually expected to
increase only modestly — at a rate slightly greater than 1% per year — through
2012.7 Therefore, other than addressing the pending wave of retirements and filling
vacant slots at air traffic control facilities during that time, it is not expected that
there will be significant expansion in the numbers of controllers needed. Rather,
staffing requirements are expected to be relatively flat for the foreseeable future. In
the long term, the increased use of automation and implementation of free flight
conceptsmay reduce somedemand for controllersand shift somecontroller functions
to more strategic air traffic management positions. Airspace redesign to address
controller workload in busy airspace could create a need for some additional
controller positions. However, little overall growth in thetotal number of air traffic
controller positionsis anticipated. Future technological advances could, however,
result in a shift in where controllers are needed. The implementation of free-flight
conceptscoupled with terminal airspaceredesigninbusy metropolitan areasmay, for
example, result in fewer controllers being needed to operate en route facilities and
an increased demand for controllersin terminal radar approach control (TRACON)
facilities, especialy in major metropolitan areas.

2 .S. General Accounting Office. Federal Aviation Administration: Plan Still Needed to
Meet Challenges to Effectively Managing Air Traffic Controller Workforce. Statement of
JayEtta Z. Hecker, Director Physical Infrastructure Team Before the Subcommittee on
Aviation, House Committee on Transportation and Infrastructure. June15, 2004, GAO-04-
887T.

2 Department of Transportation, Office of Inspector General. FAA’s Management of and
Control Over Memorandums of Understanding. AV-2003-059, September 12, 2003.

2 Based on Bureau of Labor Statistics employment data for 2002 and 2012 projections.
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Controller staffing is currently an issue of particular interest in Congress.
Vision 100 (P.L. 108-176) requires the FAA to submit annual air traffic controller
staffing plans, including strategiesto address anti ci pated retirement and replacement
of air traffic controllers and requires a comprehensive human capital workforce
strategy to determine the most effective method for addressing the need for moreair
traffic controllers. The FAA’s plan, released in December 2004, calls for hiring
controllersat afaster rate over the next 10 yearsto offset thewave of retirementsand
improve selection and training. The FAA also anticipates that improved workload
efficiency and scheduling practiceswill reduce projections of staffing needsby 10%
over thenext 10 years. However, theDOT Inspector Genera’ soffice has noted that
the FAA needs better location-specific projections of attrition rates to better gauge
future staffing needs® FAA'’s initial plan did not include this location-specific
information on future staffing projections. However, the FAA is working on a
detailed assessment of staffing needsfor each facility based on size, complexity, and
traffic volume.

Various options are under consideration to address the FAA’'s ATC staffing
needs and funding challenges associated with meeting these staffing requirements.

Oneproposal offered hasbeento either grant agewaiversto controllersallowing
them to work beyond 56, or to raise the statutory retirement age. Proponents of
raising the retirement age indicate that with better health and wellness of aging
adults, controllers may be able to perform safely and efficiently at older ages.
Research on cognitive performance of aging ATCsand the potential longterm health
effects of ATC workload and stress, however, is contentious and does not provide
clear-cut answers to policy questions regarding the appropriate retirement ages for
controllers. A similarly contentious issue isthe mandatory retirement age of 60 for
airline pilots. In both of these cases, the establishment of aretirement age is based
loosely on the research findings of medical and performance studies of aging and
long range effects of job-related stress, but is influenced by other factors such as
annuity calculations for retirement.

In general, research shows a gradual decline in cognitive abilities beyond age
30 that becomes more pronounced in the span between 60 and 70 years. Not
surprisingly, there are large individual differences that make pinpointing a specific
age where skills and abilities to perform ATC tasks decline precipitously. While
ATCshaveto passannual health exams, these only provideavery cursory evaluation
of cognitive abilities. Therefore, the potential impact of raising the ATC retirement
age above 56 or granting waivers on system safety is largely unknown. For this
reason, proposals to raise the retirement age are likely to be contentious.

In the near term, raising the retirement age could put off the need to hire and
train new ATCs for a few years and lessen the impact of pending retirements by

2 Statement of Alexis M. Stefani, Principal Assistant Inspector General, U.S. Department
of Transportation. Before the Committee on Transportation and Infrastructure,
Subcommittee on Aviation, United StatesHouse of Representatives. Addressing Controller
Attrition: Opportunities and Challenges Facing the Federal Aviation Administration. June
15, 2004.
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spreading them over alonger timespan. Such astrategy could be effectivein helping
FAA to better meet annual hiring requirements.

Other proposals, such as modifying annuity calculations to reward ATCs for
additional yearsof servicebeyondtheir eligibleretirement date or providing retention
bonuses as incentives to experienced controllers to stay in their positions may also
be considered as tools to spread the projected retirement wave out over a greater
number of years. However, any such proposal islikely to be controversial asit would
create a funding impact that may limit the FAA’s resources to hire and train
replacement controllers. Also, many believe that ATC labor costs at the FAA are
already too high.

Freezing or limiting wages of current controllersis also viewed by some as a
possible option to free up fundsfor hiring and training new ATCs, but thisoption has
several disadvantages. First, the cost savings would likely take afew yearsto have
a great enough impact to provide the needed funding for hiring and training
replacement ATCs. Second, such action may prompt current controllers to enter
retirement at afaster rate, thus negating theintent of the action. Andfinally, freezing
wages could have a negative effect on recruiting efforts if prospective applicants
view it as an indicator of future salary potentia with the FAA.

TheFAA isalso mulling theideaof requiring newly hired ATCsto pay for their
initial training asameansto reducethefederal burden of training the next generation
of air traffic controllers. While the FAA notes that many airline pilots must pay for
their initial training, this option may significantly limit the pool of interested
applicants for ATC positions, especially given that the marketplace for applicants
with technical aptitude similar to that needed to be an ATC is highly competitive.

Another possible option for Congress is to provide special funding for the
purposes of hiring and training the next generation of ATC specialists. FY 2005
appropriations included $9.5 million for this purpose. For FY 2006, the House hill
included amost $25 million to increase the FAA workforce by 595 air traffic
controllers. However, the final appropriations act (P.L. 109-115) did not include
specific reference to this amount. Faced with budget constraints and rising
operational costs, it is uncertain how the FAA will allocate funding to address the
continuing need for succession planning, hiring, and training of air traffic controllers
in the near term.

If controller shortages persist, there may be a need to increase overtime and
perhaps impose mandatory overtimefor controller staff. Such practices may impact
safety because it may contribute to controller fatigue. Additionally, a 2002 GAO
survey found that use of mandatory overtime may result in more controllers opting
to retire earlier.® Thirty three percent of controllers indicated they would retire
earlier if required to work additional overtime hours.

2 U.S. General Accounting Office. Air Traffic Control: FAA Needs to Better Prepare for
Impending Wave of Controller Attrition. June 2002, GAO-02-591.
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A more controversial option that has been proposed in various forms over the
yearsisthe partia or complete commercialization or privatization® of theair traffic
control system, including ATC job functions. The FAA already uses commercial
contractors to run about 218 non-radar towers throughout the country, including
several airports that handle commercial operations. Proponents for privatizing the
entire air traffic control system also note that many foreign countries including
Canada, Great Britain, much of mainland Europe, and Australia operate their air
traffic control systems under various forms of privatization. Besides addressing
controller staffing issues, commerciaizingor privatizingthe ATCisviewed by some
as a means to potentially overcome perceived management deficiencies that have
historically plagued FAA’s handling of ATC systems acquisitions.

Critics of privatizing the ATC system fear that it could erode safety, although
arecent DOT Inspector General’ s audit of the FAA’ s contract tower program found
no identifiable difference in operational error rates between contract towers and
FAA-run towers.® Language protecting the FAA air traffic control system from
further privatization, except for maintaining and possibly expanding the contract
tower program, was ultimately dropped from the FAA reauthorization bill (Vision
100; P.L. 108-176). As a concession for removing this language, the FAA had
agreed to a moratorium on any further plans for privatization or commercialization
of ATC functions during FY 2004 which has now expired. Given the pending
controller staffing shortages faced by the FAA, debate over ATC privatization may
be revisited. However, any plan to commercialize or privatize operations at busy
towers or any en route facilitiesis likely to be highly controversial.

FAA’s Organizational Culture

Historically, poor planning, management, and oversight of major ATC-related
acquisitions by the FAA has been blamed for cost overruns, schedule dlips, and
performance shortfalls of major systems designed to enhance the capacity of the
national airspace system. FAA’s poor track record in systems development has led
many observers to speculate that the FAA’s own organizational culture is the root
cause of difficultiesin meeting the challenges of enhancing aviation system capacity
to keep pace with growth in air traffic operations. The GAO noted that over the
years, inadegquate management controls and human capital issues at the FAA have
contributed to consistent cost overruns, schedule delays, and performance shortfalls
of major air traffic control and management projects.”” Similarly, the DOT Inspector

% ATC commercialization, as used in this paper, refers to the outsourcing of some or all
ATCfunctionsto commercial vendors, whereas privati zation encompassesboth outsourcing
of ATC functions and possible implementation of user fees or other revenue-generating
mechanisms to fund ATC services. In recent congressional debate, the term privatization
has been used to refer to legislative proposals calling for protections against privatization
that would limit both commercialization and privatization of ATC functions.

% Department of Transportation, Office of Inspector General. Safety, Cost, and
Operational Metrics of the Federal Aviation Administration’s Visual Flight Rule Towers.
AV-2003-057. September 4, 2003.

#'U. S. General Accounting Office. Air Traffic Control: FAA’s Modernization Efforts —
(continued...)
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Genera found that the FAA exhibited lax oversight of contracts and continued to
operate with an ineffective vertical, hierarchical management structure. The DOT
Inspector General also found that management inefficiencies persisted on major
programsdespitethefact that, in 1995, the FAA was statutorily exempted from many
of the fgderal procurement regulations it had argued were hindering modernization
efforts.

The response of Congress to these concerns was twofold. First, AIR-21 (P.L.
106-181) mandated the creation of a Chief Operating Officer (COO) positionwithin
the FAA to oversee the strategic plans, operations, and budget of the air traffic
control system. More recently, in Vision 100 (P.L. 108-176), Congress set forth a
framework for the creation of ajoint planning and development office to establish
the long range national plan for the national airspace system and oversee the
implementation of that plan. The Bush administration has responded to these
mandates with the establishment of the Air Traffic Organization (ATO) within the
FAA headed by the COO, and the creation of a multi-agency Joint Planning and
Development Office (JPDO) headed by the FAA. While these steps formally
restructure the FAA in significant ways, an important issue is whether these
organizational changes will lead to meaningful changes within the FAA’s
organizational culture and enable the FAA to better meet the challenges it facesin
expanding the capacity of the national airspace system.

Air Traffic Organization. Thefirst COO of the ATO wasfinally hired and
the ATOwasformally established on February 8, 2004, almost four years after it was
mandated under AIR-21. The new COO, Russell Chew, has indicated that the
primary emphasisof the reorganization that hastaken place within FAA to establish
the ATO isdesigned to integrate acquisition and operations functions to make sure
that major systems acquisitions are better tied to operational service needs and
operational cost considerations.” The ATO is comprised of 10 service units, each
run by avice president that reports to the COO. The 10 service units are:

Safety

Communications

Operations Planning

Finance

Acquisition and Business Services
En Route and Oceanic Services
Termina Services

Flight Services

System Operations Services
Technical Operations Services

2 (...continued)

Past, Present, and Future. Statement of Gerald L. Dillingham, Director, Physical
Infrastructure Issues Before the Subcommittee on Aviation, Committee on Transportation
and Infrastructure, House of Representatives. October 30, 2003 (GAO-04-227T).

2 Department of Transportation, Office of Inspector General. Top Ten Management | ssues.
Report PT-2001-017, January 18, 2001.

2 “Russ Chew 101.” Aviation Week & Space Technology, August 16, 2004, 46-48.
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In addition to its internal safety office, the FAA created the Air Traffic Safety
Oversight Service within its Office of Regulation and Certification, which is
responsible for oversight and coordination of system safety functions within FAA,
including the ATO.

Since the ATO has existed for less than one year, it istoo early to fully assess
its effectiveness. One indicator of the ATO’s success is how well it is meeting its
own performance objectives. In thisregard, the results have thus far been mixed.
The ATO has thus far failed to meet its goals for on-time arrivals and arrival
efficiency.*® However, the ATO has generally met its criterion to have air traffic
equipment operationally available 99% of the time. However, a high profile ATC
equipment outage in the busy southern Californiaairspacein September 2004 dueto
maintenance errors highlighted the criticality of these systems and the need for
extremely high reliability and available backup capabilities. With regard to safety,
while it appears that some progress has been made to reduce the number of runway
incursions, theNational Transportation Safety Board (NTSB) hasrecently questioned
the completenessand accuracy of the FAA’ sstatisticson runway incursionincidents.
Additionally, operational errorsremain at higher than acceptablelevelsasdefinedin
FAA’s performance goals. The FAA’s ability to meet performance objectives and
the effectiveness of the ATO organization is likely to be an issue of continued
interest for Congress as the ATO matures and more fully engages in addressing the
operational challenges created by growth in aviation operations.

Joint Planning and Development Office. Another initiative to revamp
FAA’ sorganizational cultureand approach to systemsplanning and acquisitionisthe
creation of the Next Generation Air Transportation System Joint Planning and
Development Office (JPDO). TheJPDO wasestablished under themost recent FAA
reauthorization bill, Vision 100 (P.L. 108-176), and is charged with the task of
establishing and executing the national plan for the next generation air transportation
system (NGATS). Whereas the ATO is focused on the day-to-day operational
aspects of running the existing national airspace system and implementing the short
term capacity enhancement objectives defined in the OEP, the JPDO’ s focusis on
long range planning to meet the anticipated capacity requirements of 2025.

Under a provision in Vision 100 (P.L. 108-176), the JPDO was required to
submit its NGATS integrated plan to Congress by December 2004. That plan was
unveiled by the JPDO on December 12, 2004.*" Under the provisionsof Vision 100,
the JPDO is now responsible for overseeing the execution of the plan and
coordinating research and development and implementation efforts among
government agencies and industry to achieve the goals set forth in the plan. In
developing and executing the NGATS integrated plan, FAA isrequired to work in
conjunction with relevant programs in the Department of Defense, the National

% Arrival efficiency isameasure of how well the actua arrival rate compares to the lesser
of the scheduled arrival demand or the established arrival rate for an airport.

3 Next Generation Air Transportation System Joint Planning and Devel opment Office. Next
Generation Air Transportation System Integrated Plan. December 12, 2004: Washington,
DC.
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Aeronautics and Space Administration, the Department of Commerce, and the
Department of Homeland Security. The goals of implementing the NGATS plan
include:

e Improving the safety, security, efficiency, quality, and affordability
of aviation;

e Exploiting emerging ground-based and space-based
communications, navigation, and surveillance technologies;

e Integrating data streams from multiple agencies and sources to
enablesituational awarenessand seaml essglobal operationsfor civil
aviation, homeland security, and national security;

e Leveraging investments in civil aviation, homeland security, and
national security and build upon current air traffic management and
infrastructure initiatives to meet system performance requirements

e Accommodating and encouraging substantial growth in domestic
andinternational transportation and anti ci pating and accommodating
continued technological growth;

e Accommodating a wide range of aircraft operations, including
airlines, air taxis, helicopters, general aviation, and unmanned aerial
vehicles; and

e Designing airport approach and departure flight paths to reduce
noise and emissions exposure of affected communities.

The NGATS integrated plan provides a top-level roadmap identifying core
objectivesand strategiesfor transforming the national airspace system to meet future
capacity needs. Theintegrated plan outlines several goalsfor theNGATSincluding:

e Establishing innovative airport planning and management;

e Establishing a cost effective aviation security system without
[imiting mobility or civil liberties;

e Establishing an agile air traffic system;

o Establishing user specific situational awarenesswithintheair traffic
system;

e Establishing a comprehensive, proactive safety management
approach;

e Developing environmentally friendly and sustainable air traffic
technology;

e Developing a system-wide capability to reduce the impact of
weather; and

¢ Harmonizing equipment and operations internationally.*

JPDO director, Charles Keegan, has indicated that the NGATS plan will rely
heavily on increasing automation of air traffic functions and reducing system costs.
However, the initial report is reported to contain few details on what technologies,
operational changes, and integration schemes will be implemented to achieve these

® David Hughes. “The‘Silent’ Crisis.” Aviation Week & Space Technology, October 25,
2004, 72-75.
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objectives.®* Providing too many details, however, could place artificial constraints
onthe plan by settling on specific technol ogies that may become obsol ete beforethey
areimplemented. Itisdifficult to foresee how technology may evolve over the next
ten years or what breakthrough technologies with application to air traffic
management and control might emerge. Based on this, the apparent strategy the
JPDO seems to be adopting is a rather broad framework, or architecture, for how
emerging and future technologies may be integrated into the NGATS system.
However, in adopting such a strategy there may be arisk of being too vague and not
providing sufficient detail to be useful. Congressional oversight may specifically
focus on whether the plan contains sufficient detail to measure progress over time
toward achieving the end goal of increased capacity and efficiency in the national
airspace system as well as whether the plan creates an organizational climate and
facilitates partnerships with other government agencies and the aerospace industry
to foster cooperative and collaborative work toward achieving this vision.

Cost Overruns

The FAA’s original plan to modernize the air traffic control system, began in
the early 1980s and was estimated to be completed by the early 1990s at a projected
cost of $12 billion. A central element of that modernization effort, the advanced
automation system (AAS) was ultimately scrapped in large part after large cost
overruns, schedule delays, and failures to deliver promised capabilities and
performance. According to the GAO, since then FAA’s cost estimates have
mushroomed and schedules have continued to dlip.  Over $35 billion have been
spent so far on modernizing the national airspace system and the FAA estimates it
will need an additional $16 billion through 2007 to complete key projects.®

In fairness to the FAA, it is important to point out that many of the system
modernization projects included in its current efforts to increase system capacity
were not even conceived of in the early 1980s. The efforts of the early 1980s that
extended into the 1990s were largely aimed at improving the existing en route and
termina radar networks by upgrading hardware and software and providing
controllers with improved workstations and consoles and rudimentary automation
tools. These effortsfocused largely on air traffic communications and surveillance,
and largely did not address enhancement to navigation capabilities. The global
positioning system’s (GPS) network of navigation satellites did not exist when the
program was initiated; therefore, programs like WAAS and free flight were not
initially calculated into cost projections. GPS and GPS-related technologies, the
enabling technologies allowing revolutionary new navigational concepts like free
flight to be implemented, have only been considered as part of FAA’s air traffic
control modernization plansfor the past 10-yearsor so. Inessence, looking broadly
at the current costs to enhance FAA facilities and equipment compared to past cost
estimates is not afair comparison. However, what is clear is that, on a program by
program basis, FAA spending on ATC modernization efforts has been riddled with
cost overruns and schedule slips.

3 1bid.
% U.S. General Accounting Office. Air Traffic Control: FAA’s Moder nization Efforts.



CRS-28

The FAA’s historic cost overruns and schedule dlips in its AAS program
throughout the 1980s and into the 1990s, well documentedin GAO reportsand DOT
IG audits, gave the FAA areputation as an ineffective manager of major systems
acquisitions. The GAO has routinely found, and continues to identify inadequate
cost controls, cost estimating, and cost accounting within FAA as a significant
impediment to effective management of large scale acquisition programs. Also, the
FAA still does not have a sufficiently detailed blueprint tying its major acquisition
programs to modernization objectivesfor theair traffic control system, and does not
adequately link these programsto both near term and | ong-range budget proj ections.®

One of the principal objectives of the new ATO and JPTO isto address these
concerns. Time will tell if these new organizations are effective in meeting this
objective, and it is likely that the work of these organizations will be a subject of
considerable congressional interest over the next several years.

Russell Chew, the COO of the ATO, iswell aware of the challengefaced by his
organization. The ATO is facing a $5 billion shortfall in operations and a $3.2
billion shortfall in the airport and airways trust fund if operations and capital
improvements continue to follow a “business as usua” approach.** Chew believes
that the answer to the problem — given no foreseeableincreasein aviation trust fund
tax yield and a decreased reliance on general fund coffers to make up for trust fund
shortfalls — is to focus on reducing unit costs for air traffic services. Chew’s
initiatives to reduce costs include

¢ Streamlining management and reducing overhead staff not directly

involved in providing service;

Improving productivity;

Improving training efficiency;

Improving infrastructure efficiency;

Devel oping cost-saving cooperativeeffortswiththeairlineindustry;

Managing costs of growing system complexity effectively;

Revamping telecommunications infrastructure;

Using competitivesourcing to reduceflight service station operating

costs; and

e Improvingthe management and oversight of timeoff, sick leave, and
overtime.

The ATO facesmajor challengesto find savingsin these areasto reduce overall
air traffic service costs by 21%, which iswhat it projects the deficit would be over
the next five years if they maintain the status quo. Only one of these efforts —
revamping telecommunications infrastructure — is underway, and that is only
expected to net a savings of about 1% annually. Chew noted that hard choices must

* |bid.

% David Hughes. “Affordable ATC Ops.” Aviation Week and Space Technology.
November 8, 2004, p. 46.
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be madein the near future to achieve sustainable, cost-efficient air traffic services.®’
The decisions made by the ATO in meeting these challenges are likely to be a key
topic for congressional oversight of the FAA.

Impact of Under-capacity on Flight Operations

To understand the need for increased capacity, it isimportant to examine the
effects of under-capacity on flight operations. Examining past deficiencies in
meeting aviation demand can hel p identify capacity needs on both a systemwide and
anairport-by-airport level of analysis. Examination of these capacity strained periods
can aso provide useful data for modeling the potential benefits of capacity-
enhancement proposals.

Presently, the effect of capacity constraints are beginning to be felt once again
as demand for air travel returns to pre-September 11, 2001 levels. Throughout the
summer of 2004, increased demand brought with it increased delays, but so far,
system-wide operationsand delays have not reached thelevel they wereat during the
summer of 2000.

The Summer of 2000

During the summer of 2000, record setting demand for air travel, along bout
with thunderstorms — particularly in the busy northeast corridor and at major hubs
likeDalas-Fort Worth, Chicago, and Atlanta— and aircraft maintenancedifficulties
conspired to produce long delays and cancelled flights that wreaked havoc on many
travelers plans. Thisdifficult time for travelers was followed by even more acute
delays during the 2000 holiday season in December. During these periods, air
travel ers experienced theworst delaysin U.S. aviation history and delays frequently
exceeded acceptable levels.® Following this period, the U.S. economy entered a
downturn that reduced demand for air travel. Meanwhile, the FAA was busy
implementing near term solutions to avoid arepeat of the summer of 2000. The net
result was less traffic volume and significantly fewer and shorter delays in the
summer of 2001. Sincethen, airlinetravel significantly declined in the aftermath of
the September 11, 2001 terrorist attacks and, as might be expected, delays have been
significantly lessin the past threeyears. Recent statisticsrel eased by the Department
of Transportation’ sBureau of Transportation Statisticsindicatethat delaysareonthe
rise, although not to the level seen in the summer of 2000 (See Figures 7 & 8).
While the decrease in demand for air travel from 2001 to 2004, in essence, bought
the FAA additional time to study and implement near term solutions to aleviate
congestion and del ay, the effectiveness of these mitigation strategiesremainslargely
undetermined and over the past two years key delay statistics have been steadily

¥ |bid.

% In the OEP, the FAA adopted a standard of maintaining an average delay of 14 minutes
or less. Based on this standard, average delays in excess of 14 minutes are described as
exceeding acceptable levelsin thisreport.
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rising, apossibleindicator of increasing strain on system capacity. Astrafficvolume
increases and surpasses pre-September 11, 2001, levels over the next few years, the
near term mitigation strategiesto alleviate congestion and delay will receivethefirst
real tests of their effectiveness.

Figure 7. Average Delay (1/1998 — 11/2005)
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Figure 8. Percent of Flights Delayed (1/1998 — 11/2005)
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Some Possible Delay Remedies

In examining the delay data in Figures 7 & 8, it is notable that while the
monthly average departure delay has typically been greater than monthly average
arrival delay, a greater proportion of arrivals are delayed more than 15 minutes
compared to departures.®* Thus, from aoperational standpoint, airborne delays that
impact arrival times, while less frequent than delays affecting departure times, are
morelikely to belonger in duration. Given that airborne delaysare costly to airlines
in terms of fuel costs, increased wear and tear on the engines, and so on, specific
operational strategies to reduce these airborne delays would be particularly
advantageous to airlines and other aircraft operators. FAA has been working with
the airlines to take such steps to reduce airborne delays. Some examples include:

e Using ground holds to delay departures in order to better space
arrivals at destination airports,

e Using decision aids to meter the flow of arrivalsinto busy airports,
and

e Creating “express lanes’ into and out of busy airports by holding
traffic at satellite and reliever airports during peak travel hours.

It appears that these efforts were somewhat effective in staving off arepesat of
delays such as those experienced in the summer of 2000, during the peak travel
months of 2004 and 2005. However, the upward trend in delay statistics, especially
arrival delays, during the peak summer and holiday travel seasons of 2004 and 2005,
could be a forewarning that chronic delay conditions may return to the aviation
system as operations surge past pre-September 11, 2001, levelsover the next several
years.

The Relationship Between Capacity and Delay

While the FAA continues to implement stopgap measures to mitigate delay in
the current national airspace system, most observers recognize that the long term
solutionsto alleviating congestion and delay should address the underlying capacity
constraints. Since delay isakey symptom of strain on system capacity, delay can be
mitigated to some extent by investing in capacity-enhancing infrastructure and
technologies. However, in practice, policymakersand system planners must balance
atradeoff between meeting demand for aviation services while maintaining delays
within acceptable levels. Given that growth in aviation operations may easily
outpace capacity enhancement of the nationa airspace system for the foreseeable
future, policymakers will likely face tough choices in meeting demand without
increasing delay.

The FAA’s OEP (Version 6.0) projects a 27% overall capacity enhancement
by 2013. However, this capacity enhancement assumesthat an average system delay
of 14 minutes is acceptable and does not seek to reduce this level of delay in its
projections of future system capability. Rather, the FAA intendsto increase capacity
at what it has set as athreshold acceptable level of delay — the typical delaysflyers

% Based on Bureau of Transportation Statistics delay data.
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have grown accustomed to, but not the extent of delays experienced in the summer
of 2000. The potential danger of thisstrategy isthat with an emphasis on enhancing
capacity to meet growth in demand, delay may increase significantly in a capacity-
constrained system, especialy if capacity enhancement efforts fall behind schedule
or fail to fully meet expectations.

Figur e 9 showsconceptual ly thetradeoff that existsbetween capacity and del ay.
In essence, these two metrics comprise elements that compete for system capability.
Inredity, thesituationismuch morecomplex sincetherel ationship between capacity
and delay isinfluenced significantly by external factors, such asweather and airline
scheduling practices, that are either uncontrollable or not controlled directly within
the system. Certainly, the relationship between capacity and delay and the influence
of both system variables and external factors on these two metricsis very complex.
While the tradeoff relationship between capacity and delay may be difficult to
guantify or predict, the effect is relatively easy to conceptualize. Working from a
baseline capacity (Cg), enhanced system capabilities can be projected to enhance
capacity assuming a fixed level of delay (C,). The FAA chose to conceptualize
capacity enhancement in this manner, selecting afixed systemwide acceptable level
of delay of 14 minutes — afigure never exceeded before the infamous summer of
2000 — asitstarget.

Figure 9. The Tradeoff Between Expanding Capacity and
Mitigating Delay
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While the FAA’s objective is to meet growth in demand while maintaining
delays at 14 minutes or less, consumer complaints tend to focus on system delays
rather than available capacity. Therefore, reducing delay might be a reasonable
objective for enhancing system capability. In Figure 9, it can be seen that, at least
conceptually, capacity can be traded for a reduction in delay within the bounds of
system capability. So, the capacity enhancement achievable with a reduced delay
(Crp) is not as large as the capacity reduction with afixed delay (C,). However,
delays could potentially be reduced along with a less significant gain in capacity
(Crp) if reducing delay was targeted as an objective of system enhancement.
Conversely, capacity could grow larger, athough not as significantly due to other
constraining factors, if delays were alowed to increase. That is, the conceptual
increase in capacity with increased delay (C) is greater than the capacity
enhancement with afixed delay (Cpp).

Asthe capability of the national airspace system expands, it islargely a policy
decision whether the enhanced capability will be used primarily for increasing
capacity or for decreasing delay. However, the FAA’s forecast that growth is
expected to meet or exceed planned capacity improvements provides a reasonable
justification for adopting apolicy of projecting capacity expansion while attempting
tomaintain afixed level of delay. Capacity is projected to, at best, parallel expected
growth through 2010. Therefore, essentially all of the projected enhancementsto be
engineered into the national airspace system by that time will be needed to meet the
forecast growth in aviation operations. Therefore, if demand is to be met,
enhancements are not likely to be available for mitigating delay. Furthermore,
system enhancement effortsarelikely to have agreater impact onincreasing capacity
rather than decreasing existing delay, given that delay is constrained to a greater
extent by external factors such as weather and airline scheduling practices that are
more difficult to control. Also, given the complexity of tradeoffs between capacity
and delay, using a fixed level of delay in projecting future effective capacity
simplifies the comparison to baseline capacity levels. An alternative strategy, that
wouldinvolvecoreconceptual changesin policy, would value system efficiency over
capacity and target reducing delays. Such an approach may involve various market-
based strategies, discussed later in this report, to reduce demand characteristics for
aviation operations in addition to system enhancements targeting delay reduction.
While a more efficient national airspace system may improve the satisfaction of
many consumers, it is likely to increase associated costs by limiting the supply of
aviation services. Therefore, such a shift in policy regarding the objectives for
modernizing the national airspace system could be contentious.

Impact of Congestion on Aviation Safety

Asdemand for air transportation continuesto grow, increasing flight operations
may introduce additional risksto aviation safety that may need to be addressed if the
system isto maintain or improve upon its current level of safety while at the same
time addressing capacity needs. The FAA’sATO hasidentified two key indicators
of safety in its performance-based plan: runway incursions and air traffic controller
operational errors.
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Runway Incursions

Astraffic density at airportsincreases, so doesthe probability that an aircraft or
ground vehicle will enter on to an active runway when an aircraft is taking off or
landing unless steps are taken to effectively reduce the likelihood of such
occurrences. The FAA refers to these breaches of runway safety that occur at
towered airports asrunway incursions.*® Runway incursions pose asignificant safety
risk because they are the manifestations of human errors and pre-existing conditions
that may well have |led to arunway collision.

The potentially deadly consequences of a runway collision were highlighted
most recently on October 8, 2001 when a Cessnabusinessjet strayed onto the active
runway in foggy conditions and was struck by a departing airliner at Milan, Italy’s
Linate Airport killing 118 people and injuring 4.** A year earlier, a Singapore
Airlines 747 bound for Los Angel es mistakenly attempted to take off from Taiwan’s
Chiang Kai Shek International Airport usingapartially closed runway at night during
atyphoon. Theairplane collided with construction equipment killing 83 of the 179
onboard.” Theworld' sdeadliest aircraft accident (583 fatalities), the 1977 collision
between two Boeing 747 aircraft on the Island of Tenerife, was aso the result of a
runway incursion during low visibility conditions.®®

The United States has not been immune to such disasters. Since 1990, there
have been four runway collisions in the United States involving large commercial
airliners. The deadliest runway collision in the U.S. occurred at Los Angeles
International Airport (LAX) on thenight of February 1, 1991. A USAir Boeing 737
was cleared to land on arunway occupied by a commuter flight that was instructed
to line up on the runway and await takeoff clearance. The National Transportation
Safety Board (NTSB) determined that the accident was attributabl e to shortcomings
inLAX’ sair traffic control management, procedures, and oversight, which ultimately
led to the failure of the tower controller to maintain appropriate situationa

““TheFAA definesarunway incursion asany occurrencein the airport runway environment
involving an aircraft, vehicle, person, or object on the ground that createsacollision hazard
or resultsin aloss of required separation with an aircraft taking off, intending to take off,
landing, or intending to land (See FAA Office of Runway Safety. Runway Safety Report:
Runway Incursion Trends at Towered Airportsin the United States (FY1999-FY2002). July
2003).

“ Agenzia Nazionale per la Sicurezza del Volo (Italy). Milano Linate, ground collision
between Boeing MD-87, registration SE-DMA and Cessna 525-A, registration D-1EVX.
January 20, 2004.

“2 Aviation Safety Council (Taiwan, Republic of China). Crashed on a Partially Closed
Runway During Takeoff — Sngapore Airlines Flight 006 — Boeing 747-400, 9V-SPK —
CKSAirport, Taoyuan, Taiwan, October 31, 2000. Aircraft Accident Report ASC-AAR-02-
04-001.

3 Subsecretaria de Aviacion Civil (Spain). KLM, B-747, PH-BUF and Pan-Am B-747,
N736 — Collision at Tenerife Airport, Spain on 27 March 1977. Madrid, Spain.
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awareness.** Another notable runway collision occurred in the U.S. on November
22, 1994 when a TWA DC-9 collided with a twin-engine Cessna at St. Louis
International Airport (STL), Missouri. Similar to the recent Milan crash, the NTSB
found that the Cessna pilot had mistakenly taxied past the assigned runway and into
the DC-9's path in foggy conditions. The NTSB further concluded that airport
surface monitoring equipment could likely have prevented the collision.

Since FY 1999, the rate of runway incursions at the nation’s 35 busiest airports
has remained relatively constant, slightly above 5 incursions per million flight
operations.”® Overall, therate of incursionsfor commercial operations has averaged
dlightly morethan 5.5incursions per million flight operations. Whiletheoverall rate
of runway incursionsappearsto berelatively constant since 1999, the FAA hasnoted
that the severity of incursions declined during that period. That is, adeclinein the
most serious types of incursions — those classified by the FAA as having a
significant or extreme collision potential (Category A and B incursions) — was
observed, whereas the rates of less severe incursion incidents (Category C and D
incursions) has remained relatively unchanged (see Figure 10).

Figure 10, Runway Incursion Rate
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While the FAA concluded that this trend demonstrates progress in mitigating
the severity of runway incursions, such a conclusion may be premature. Given the
low rate of these events (about 1 in every 3to 5 million operations), it isdifficult to

“4 National Transportation Safety Board. Runway collision of USAir Flight 1493, Boeing
737 and Skywest flight 5569 Fairchild Metroliner, Los Angeles, California, February 1,
1991 (AAR-91-08).

> See FAA Runway Safety Reports (July 2003, August 2004, and August 2005).
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say for sure whether this reduction in incursion rate is meaningful and even more
difficult to attribute it to specific actions taken to reduce the rate and severity of
incursions. Furthermore, thereductionin severity level s observed between 2001 and
2002, has appeared to flatten. This may indicate that the effects of currently
implemented mitigation strategies have already been largely realized. If thisisthe
case, then more may need to be done to keep the overall numbers of Category A and
B incursionsto aminimum. Thisisbecause, evenif the severeincursionrateisheld
constant, increasing number of operationswill bring withthemlikely increasesinthe
number of severe incursions. While more data is needed to draw meaningful
conclusions regarding the reduction in risk of runway incursions, these trends are at
least promising and the FAA is continuing its efforts to implement operationa and
technological approaches to further reduce runway incursions.

Of the OEP-35 airports, 7 had 15 or more incursions over the four year period
from 2000-2003. These airports were: Chicago-O’ Hare (ORD); Dallas-Fort Worth
(DFW); Los Angeles International (LAX); Phoenix Sky Harbor (PHX); Boston
Logan (BOS); Saint Louis (STL); and San Francisco International (SFO). Traffic
density wascertainly amajor contributing factor inthenumber of runway incursions
experienced at an airport. Four of these 7 airports were among the top 5 busiest
airports in the United States. The FAA recognizes that traffic volume is a major
factor in runway incursions since increases in operations increase the number of
opportunitiesfor error. However, the FAA found that annual fluctuationsin traffic
volume did not have predictable effects on runway incursions rates. Thus, traffic
volumeappearstointeract with airport-specific characteristicsto affect thelikelihood
of runway incursions in complex ways that are not yet fully understood.

The highest number of runway incursions (34), and the largest number of
Category A & B incursions (12) over the 2000-2003 period for the OEP-35 airports
was observed at LAX, which ranks fourth overall in number of operations and has
a complex taxiway layout. However, LAX had no Category A & B incursionsin
2003 suggesting that, while they have been unable to reduce the annual number of
incursions at that airport, strategies to mitigate the severity of incursion incidents
appear to be working there. Efforts to date have primarily focused on outreach to
increase pilot runway safety awareness, improved signs, pavement markings, and
lighting, and procedural modification to improve operational safety.

Besideshightraffic density, theattributesthat thoseairportsexperiencing higher
numbers of runway incursions appear to shareinclude complex taxiway and runway
layouts;, and complex taxi procedures. Some, but not al, of these airports have
intersecting runwayswhich al so present opportunitiesfor runway incursionsto occur.
The runway incursion risk of intersecting runways could have implications for
capacity-enhancing operational procedures such as land and hold short operations
(LASHO) in which pilots of landing aircraft are required to stop before reaching a
crossing runway so that simultaneous operations can be conducted on both runways.
Clearly, other airports share these attributes aswell and procedures such asLASHO
have been used safely for many years. Therefore, the specific factors that make an
airport more vulnerable to runway incursions are not yet completely clear. How
airport-specific factors such as infrastructure, procedures, operations, and
environment interact with traffic density to define the runway incursion risk for a
specific airport is not fully understood and continues to be scrutinized by the FAA
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and others to identify the influence of these various factors on runway incursion
risk.*

The leading direct cause of runway incursions was pilot deviations, which
account for about 53% of incursionsinvolving commercial aircraft. Controller errors
and deviations account for about 29% of runway incursions among incursions
involving commercia aircraft and incursions occurring at the OEP-35 airports.
Deviations by vehicles and pedestrians operating in the air operations area comprise
the remaining runway incursions. Consequently, mitigation measures to reduce
runway incursions are likely to have the greatest benefit if they can reduce the
number of pilot deviations during surface movement. However, FAA’s efforts to
date in terms of high cost technology options — including ground radar (Airport
Surface Detection Equipment (ASDE) and the Airport Movement Area Safety
System (AMASS) — are primarily focused on improving air traffic controller
situation awareness regarding traffic position and the potential for incursions.

In 2001, the NTSB evaluated the Airport Movement Area Safety System
(AMASS) and determined that it was not capable of providing sufficient warning to
prevent runway collisionsin all instancesand, ascurrently implemented, providesno
capability to issue warnings directly to pilots and other vehicle operators.*” In
essence, the AMASS system inserts controllers into the decision cycle, thereby
increasing the time needed for pilots to take evasive action to prevent a collision.
Providing traffic information and alerting directly to pilots, as opposed to only
alerting controllers, would be preferable in this regard. But, this is not what the
NTSB’s original recommendation sought. Rather the NTSB specifically asked the
FAA to develop a system analogous to cockpit traffic collision avoidance systems
(TCAS) to dert controllers to pending runway incursions.”® However, TCAS
provides alerts and conflict resolutions directly to pilots.

The NTSB assessment went on to concludethat FAA’ seffortsto curtail runway
incursions largely through technological approaches aimed at improving air traffic
controller situational awareness was an incomplete solution, and specifically called
for specific actions to address recommended changes in operational procedures at
airports. The NTSB’ srecommendationsurged the FAA toinstall ground movement
safety systems at al airports with passenger service that provide a direct warning
capability to pilots, and demonstrate through computer simulations or other means
that the system will, in fact, prevent runway incursions. The recommendations aso
included numerous suggested changesto operational proceduresto: increase pilot and
controller situation awareness and resolve ambiguities regarding runway crossing
clearances; eliminate the practice of positioning an aircraft on a runway to await
takeoff at night and in poor weather; modify phraseology of airport movement

“6 FAA Office of Runway Safety. Runway Safety Report. (July 2003 and August 2004).

4" Carol J. Carmody. Testimony beforethe Committeeon Transportationand Infrastructure,
House of Representatives Regar ding Runway Incursions, June 26, 2001. Washington, DC:
National Transportation Safety Board.

“8 National Transportation Safety Board. Runway collision of Eastern Airlines Boeing 727,
flight 111 and EppsAir Service Beechcraft King Air A1000, Atlanta Hartsfield Inter national
Airport, Atlanta, Georgia, January 18, 1990 (NTSB/AAR-91/03).
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instructions to be consistent with international standards; and provide controllers
with guidance on appropriate phraseology and speaking rates, especially when
communicating with foreign flight crews.*

The FAA continues to address many of these procedural changes to enhance
runway safety. However, the NTSB has expressed continued frustration with the
FAA’sprogress. At arecent meeting, the NTSB questioned the compl eteness of the
FAA’srunway incursion incident reporting and cast doubt on FAA’ sclaimsthat the
incursion rateisdeclining.®® Most observers agree that thereis no single solution to
mitigating runway incursionsand continued investment in airport design, procedural
modifications, pilot and controller training, and technology is needed to reduce the
risk of runway accidents. Several mitigation strategies to reduce the potential for
runway incursions are currently being implemented or are under study by the FAA
and NASA. Mitigation strategies to reduce the risk of runway incursions can be
placed into six general categories, asshownin Table1l. Thesevariousstrategiesare
mainly aimed at improving pilot and controller situational awareness regarding:
aircraft position relative to other aircraft and ground vehicles; aircraft and vehicle
position relative to assigned taxi routes and active runways; and flight crew and
vehicle operator understanding of taxi instructions and runway clearances. Other
solutions seek to provide controllers and pilots with aerting and conflict resolution
capabilities to predict and circumvent impending runway incursions or reduce the
severity of incursions by reducing the risk that such an event could result in a
collision.

Table 1. Mitigation Strategies to Prevent Runway Incursions and
Reduce Their Severity

Mitigation Strategy Examples

Markings, Signs, and Lighting High Contrast Taxiway Markings and
Hold Short Lines;

Improved Visibility and Positioning of
Signs; and

Runway Status Lights

Increasing Pilot Positional Awareness Cockpit Moving Map Displays; Airport
Position Transmitting Devices; and
Auditory Advisories and Audible
Warnings

“9 National Transportation Safety Board. Safety Recommendations A-00-66 through A-00-
71.

%0 National Transportation Safety Board. NTSB calls for federal action to adopt “ most
wanted” safety improvements. Press Release SB-04-33, November 9, 2004.
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Increasing Pilot and ATC Traffic Ground Surveillance Radar (e.g., Airport
Awareness Surface Detection Equipment - Model X
(ASDE-X)); and Cockpit Traffic
Information Displays (e.g.,

Traffic Information Service (T1S),
Cockpit Display of Traffic Information
(CDTI))

Procedures and Training Ramp worker training;

Educational materialsto flight crews and
operators of ground vehicles and
equipment;

Modifying and standardizing taxi routes;
and

Modifying ATC phraseology

Warning Devices and Conflict Resolution | Airport Movement Area Safety System

Advisory Systems (AMASS); and
ASDE-X with conflict detection alerting
capabilities

Airport Redesign/Reconfiguration Perimeter taxiway construction;

Eliminating or minimizing intersections
where taxiways cross runways

Loss of Separation and Near Mid-Air Collisions

As runway incursions are indicators of safety risk associated with ground
operations, breaches of required airborne separation between aircraft are indicators
of safety risk during flight. These loss of separation incidents are a safety concern
because they point to system failures and errorsthat could lead to amidair collision.
A loss of separation caused by an air traffic control error is termed an operational
error. Operational errors, like runway incursion, are placed into one of four
categories (A, B, C & D) based on severity. Operational errors are reviewed and
scored using apoint system that considersfactors such as: the vertical and horizontal
separation between aircraft; whether the aircraft were on converging or diverging
flight paths; the closure rate between aircraft; and whether ATC took corrective
actions or TCAS (Traffic Collision Avoidance System) resolution advisories were
issued.®* The severity is then categorized as high, moderate, or low. Under recent
changes by the FAA, these three levels of severity are now grouped into four
categories, in the following manner:

e Category A: All high severity incidents
e Category B: All moderate severity incidents where ATC fails to
take corrective action (uncontrolled)

1 Federal Aviation Administration. Air Traffic Quality Assurance. Order 7210.56C,
August 15, 2002.
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e Category C: All moderate severity incidents where ATC takes
appropriate corrective action (controlled); and
e Category D: All low severity incidents

There is growing concern over operational errors as annual operational error
rates — expressed as the number of incidents per million flight operations — have
been on the rise over the past five years and are up 35% compared to the previous
five year period (see Figure 11). Furthermore, the severity of these operational
errors has been regarded as being too high. Specifically, the DOT Inspector General
reviewed severity ratingsfor 13 monthsof operational error datacollected fromMay,
2001through May 2002 and found that 78 percent were classified as moderate
severity, and 6% were classified as high severity, while only 22% were classified as
low severity.> TheDOT Inspector General’ sreport concluded that much work needs
to be done to reduce the severity of operational errors so that the large majority are
low severity events.

-
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Sour ce: DOT Office of Inspector General. Operational Errors (AV-2003-040) and
FAA Administrator’s Fact Book (November 2005).

The DOT Inspector General also highlighted potential problems in the use of
controllers-in-charge (CICs), aprogram using senior controllersrather than managers
to supervise facility operations, which was greatly expanded in recent years. Their
study found that while the use of CICsincreased 13.6% between 2000 and 2001, the
number of operational errors while CICs were on duty increased by 45.7%. While

%2 Department of Transportation, Office of Inspector General. Operational Errors and
Runway Incursions: Progress Made, but the Number of Incidentsis Sill High and Presents
Serious Safety Risks (AV-2003-040), April 3, 2003.
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other factors may have contributed to this rise in error rates, this trend may be an
indicator that tighter controls and monitoring of the program may be needed.

Both the DOT Inspector General and the NTSB have criticized FAA policy and
agreements with controllers that limits the use of remedial training following
operational errors. FAA policy doesnot requirethe FAA toimposeremedial training
following a low severity operational error and prohibits follow-on training if the
controller took corrective actionsduring the course of theevent. Evenfor controllers
who have moderate or high severity operational errors, remedial training is not
required. Also, FAA policy prohibits supervisors from revoking or suspending
controller certificates and facility ratings on the basis of performance deficiencies.
In light of these findings, the DOT Inspector General concluded that FAA needs to
strengthen its actions to address controller performance deficiencies highlighted by
operational errors.

Even with improved oversight and safety regulation of air traffic facilities,
operational errors can still pose serious safety risks. In essence backup capabilities
are needed to assure aircraft separation by alerting controllers and pilotswhen aloss
of separation occurs and poses athreat of collision between two aircraft. Theseaids
include conflict aert (CA) agorithms to aert controllers to impending loss of
separation events, and TCAS to provide pilots with traffic awareness and conflict
resolutions for preventing midair collisions.

The August 31, 1986 collision of an Aeromexico D-9 and asmall private plane
over Cerritos, California highlighted growing concerns over the risk of mid-air
collisions and prompted the FAA to promulgate regulations phasing in the use of
airborne traffic collision avoidance systems (TCAS) on airliners and commuter
aircraft.>® Currently, FAA regulations stipulate that passenger air carrier flights be
equipped with an operating TCAS system that provides visual and aural advisories
of traffic conflicts. Additionally, all aircraft operating near the nation’s busiest
airports are required to use altitude report equipment (Mode C or Mode S
transponders) that transmit aircraft position and altitude to TCAS devices.

Since these requirements have gone into effect, there has not been a mid-air
collision involving a TCAS-equipped aircraft in U.S. airspace. However, TCASIis
not required on all airplanes. Regulations stipul ate that only passenger airliners and
jet and turboprop air taxi and commuter flights with seating for 10 or more
passengers must be equipped with TCA**S. Thus, most cargo aircraft, businessjets,
and many charter aircraft are not required to install or use TCAS.

Oneoptiontoincrease safety asoperationsincreasein congested airspacewould
be to require the use of TCAS systems for other users of the aviation system. This
may beparticul arly important given thelargeanticipated increasesin businessjet and

>3 National Transportation Safety Board. Collision of AeronavesdeMexico, SA. McDonnell
Douglass DC-9-32, XA-JED and Piper PA-28-181, N4891F, Cerritos, California, August
31, 1986. NTSB Report AAR-87-07.

* Title 14, Code of Federal Regulations §121.356, §135.180.
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cargo jet operations over the next 10 years. However, alternative technologies —
such as automated dependent surveillance-broadcast (ADS-B) with cockpit display
of traffic information (CDTI) or Traffic Information Systems (T1S) — have the
potential to offer TCAS-like capabilities at significantly lower cost, which may be
particularly attractive to general aviation users of business jets and mini-jets. Thus,
alternativetechnical standardsfor traffic awareness and alerting systemsmay beable
to adequately address saf ety concernsregardingtraffic collision avoidanceinthenear
future. Congress may pursue the implementation of such systems through either
legislation or oversight of FAA regulatory activities.

Possible Strategies for Enhancing Capacity While
Maintaining Safety and Efficiency

There are numerous approaches to enhancing capacity of the national airspace
system under development and evaluation. The core policy issue is determining the
right mix for investing in airport infrastructure, technology, and modifications to
operational proceduresin order to grow capacity at arate commensurate with growth
in demand while at the same time maintaining the efficiency and safety that aviation
consumers expect. The aviation community has invested a great deal in future
conceptsfor air traffic management and control that arejust beginning to mature and
take shape in the operational framework of the nationa airspace system.
Additionally, airports continue to expand and reconfigure to enhance their capacity
and improve operational efficiency. However, these measures may not be enough to
meet demand without eroding the efficiency and possibly the safety of air travel.
Consequently, policymakers are continuing to evaluate market-based strategies to
ater the demand characteristics for aviation operations so that operations can
continue at alevel that is safe and meets consumer expectations of efficiency in a
resource constrained system.

The “Free-Flight” Concept

Over the next decade, the current model of the national airspace system is
expected to change dramatically. Virtualy all airliners and business jets now have
onboard capabilities, such asareanavigation equipment (RNAV), global positioning
system (GPS) receivers, and inertial guidance systems that provide precise aircraft
position data without sole reliance on ground-based VORs, thus allowing pilots to
fly directly from airport to airport. However, alowing aircraft to fly direct to their
destination presentssignificant challengesto air traffic managersand controllersthat
are currently being worked out under a concept called free flight. Since free flight
isan evolving concept, the term is used both loosely to describe conceptual aspects
of futureair traffic systemsallowing aircraft to fly along direct routes and deviate as
needed to avoid weather and traffic, aswell as more concretely to describe asuite of
air traffic management (ATM) and air traffic control (ATC) tools being developed
and tested by the FAA to alow greater flexibility in aircraft routing.

One step in the process toward implementing free flight is to redefine the
structure of high altitude airspace around point-to-point direct routes that
appropriately equipped aircraft can utilize. The FAA began doing thisin July 2003,
defining and charting high altitude routes— designated by international convention
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as“Qroutes’ in the U.S. and Canada— for use by aircraft with precision satellite
navigation capabilities.®

One magjor challenge in implementing the free flight concept is defining how
much autonomy each aircraft will have during the en route portion of flight.
Currently, aircraft in high altitude airspace can only fly along the specific course and
altitude profile that air traffic control has approved or cleared. Thus, in the present
system, ATC hasdirect control over every aircraft in high altitude airspace. Under
a free flight model it is likely that pilots would have some degree of autonomy
regarding their flight path. For example, in the current system if a pilot sees a
thunderstorm ahead, he or she must request adeviation around the storm from ATC.
Under the proposed free flight model, the pilot may be able to deviate around the
storm without formally receiving permissiontodosoby ATC. Similarly, pilotsmay
have some degree of autonomy regarding deviations for traffic, atitudes and
airspeeds deviationsto avoid or mitigate turbulence and increase fuel economy, and
so on. Thiswould shift the ATC role for high altitude airspace from direct control
to asupervisory control function, where ATC would monitor traffic in agiven sector
of airspace and resolve conflicts as well as provide advisories and instructions to
maintai n appropriateaircraft spacing and alleviate congestion at destination airports.
In the future, the en route controller isalso likely to take on amore activeroleas an
interface between aircraft and air traffic management (ATM) functions within the
FAA that will apply more complex analyses of the overall traffic picture to more
efficiently control the flow of air traffic throughout the system.

A second major challengein implementing a free flight model for the national
airspace systemis handling thetransitionsfrom the busy terminal airspace around an
origin airport to the en route phase of flight along these routes and from the en route
segment to the approach phase of flight when aircraft enter busy terminal airspace
around a destination airport. The working concept to address this challenge is by
using what arereferred to aspitch and catch pointsto define specific transition points
into and out from busy terminal airspace. Under this concept, aircraft would fly
predefined departure routes — much as they do today, except with the aid of
precision satellite navigation — to apitch point where the woul d then proceed semi-
autonomously via a direct routing to a catch point where they would enter the
terminal airspace at the destination airport and follow predefined approach routes or

* The FAA has defined advanced aircraft navigational performance capabilities broadly
under theumbrellaof what they call AreaNavigation or RNAV equipment. By establishing
performance standardsin thismanner, it does not limit operatorsto any specific technology
to meet the required navigational performanceto perform certain operations. Inthis sense,
the FAA has moved away from technical standards and instead had adopted performance
standards for future navigation capabilities. At present, the aircraft technology needed to
meet these performance standards include Wide Area Augmentation System (WAAYS)
enabled GPSreceiversand inertial reference units (IRUs). Theuse of ground-based RNAV
systems developed in the 1970s that rely on VOR receivers and distance measuring
equipment (DME) to navigate using more direct routing is being evaluated under this
framework, but isnot currently approved for high altitude airspace. In thisreport, theterm
precision satellite navigation capabilities refers to the WAAS enabled GPS technology
whichisone of two core enabling technol ogies of emerging free flight operational concepts
inthe U.S.
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ATC instructionsto arrive at the destination airport. Thus, at least in the near term,
the free flight implementation that is most likely to emerge is one in which aircraft
will operate semi-autonomously in high atitude airspace between pitch and catch
points, and will operate under more direct control of ATC when transiting busy
terminal airspace during departure and before landing.

The core enabling technology needed to implement navigation under a free
flight system — precision satellite navigation — is already mature. The other
element needed to enable freeflight — assuring safe separation between aircraft —
involves a more complex interplay between onboard technologies and air traffic
management and control tools. Onboard technologies for traffic awareness and
separation include TCAS systems which are already widely deployed. The other
onboard technology for traffic awareness and separation in aircraft is Automatic
Dependent Surveillance - Broadcast (ADS-B), atechnol ogy capable of broadcasting
aircraft position information to other aircraft and to air traffic control and displaying
trafficinformationinthecockpit. Unlike TCA Swhich usesonboard radar and radar-
based air traffic control displays, ADS-B will rely predominantly on satellite-based
aircraft position data using GPS. The potential advantage of this technology is that
it can provide a common traffic picture, that is, the capability for pilots, and
controllers, and air traffic managers to have shared situation awareness regarding
nearby traffic and potential conflicts. Such a capability is seen as a step toward
providing pilots with more autonomy regarding navigation and separation. While
such technol ogy has significant potential and has been implemented successfully in
various operational tests performed under the FAA’s Safe Flight 21 program, much
work isstill needed to create asystem-wideinfrastructure to support thistechnology.
Muchwork isalso still needed to devel op decision support tools and automation that
can assist air traffic managers, controllers, and pilots to handle traffic and weather
conflicts. Finally, much work still needsto be done on the human factorsand system
design of afree flight system to more clearly define the roles and protocols for air
traffic managers, controllers, and pilots.

TheFAA isinthe process of definingthe regulatory structureto permit limited
operations exploiting this technology. However, significant work is still needed to
createaseamless, integrated freeflight system throughout the domestic U.S. airspace.
Asshownin Table 2, thereis still considerable risk associated with integrating and
implementing free flight conceptsin the national airspace system. At thispoint, this
risk exists although the core enabling technologies are relatively mature, because
extensive systems integration is still needed in order to utilize these technologies to
provide seamless navigation, communications, surveillance, and air traffic
management capabilitiesthroughout the most complex airspace systemintheworld.
Despite ongoing reform with the creation of the ATO and the JPDO, the FAA's
capability to implement free flight also introduces an element of risk because of the
FAA’s history of cost overruns, schedule delays, and failures to meet performance
objectivesin managing large scale programs. Given therelatively high level of risk
associated with implementing freeflight concepts, this could be an area of continued
congressional oversight over the next several years.
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Table 2. Risk Elements and Considerations for Implementing
Free Flight Concepts

Element Risk Considerations

Technology Coretechnologies (e.g., GPS, ADS-B) are mature;

but

Extensive systems integration, both hardware and software, is
needed

Application Highly complex airspace system;

Domain Highly complex interactions between human operators (i.e., air
traffic managers, controllers, and pilots);

Extensive requirements for collaboration/information sharing; and
Highly dynamic scenarios (e.g., weather and traffic flow variations)

Program Historicaly, FAA programs have been plagued by cost overruns,
Management | schedule delays, and failures to meet performance objectives;
Historically, FAA has“stovepiped” or compartmentalized projects
with inadequate integration and inter-project collaboration;
Historically, FAA has had inadequate and incompl ete blueprints for
system integration and technology investment strategies;

ATO and JPDO were established to correct management deficiencies
at FAA but are too new to assess their effectiveness;

FAA isimplementing incremental, spiral development processes and
other acquisition reforms to address concerns

Reducing Separation Standards

In paralel with the FAA’s efforts to introduce free flight concepts in the
national airspace system, the FAA is implementing initiatives to reduce the
separation between aircraft both in high altitude airspace and in the terminal
environment, near airports. Reducing separation is seen as an important strategy for
increasing capacity in congested airspace.

For example, reducing vertical separation from 2,000 feet to 1,000 feet in high
altitude airspace™ in essence doubles en route capacity, although actual capacity
enhancement through RV SM is likely to be constrained to some degree by factors
such as airspace configuration and air traffic controller workload that may limit the
number of aircraft that can be handled within an air traffic control sector. Only with
the advent of more autonomous means of navigation and surveillance of air traffic,
using free-flight direct navigation concepts and pilot/controller decision aids for

% High altitude airspace, as used in this report, refers to airspace between 18,000 feet and
60,000 feet (Flight Level (FL) 180 to FL600, which is classified as Class A airspace.
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example, will technology and operational procedures allow for this increase in
capacity to befully exploited. Nonetheless, in the near term, RVSM is expected to
have numerous benefits including:

e Reduced fuel burn from improved routing, atitude selection, and
delay reduction;

e Increased air traffic sector capacity, throughput, and efficiency;

e Increased controller flexibility for resolving weather and traffic
conflicts;

e Decreased controller workload by providing controllers with more
options;

e A reduction in conflict pointsin high density traffic areas; and

e Enhanced predictability by allowing aircraft to use requested
altitudes.

In high altitude airspace, efforts are underway to reduce the vertical separation
between aircraft from 2,000 feet to 1,000 feet. RV SM requirementsarenow in effect
for many oceanic and international flights operated between 29,000 feet (FL290) and
41,000 feet (FL410). Domestic RVSM requirements covering the lower 48 states
and Alaska will be required by January, 2005

The Domestic RVSM implementation will make six additional flight levels
available for operations between FL 290-410. According to the FAA, RVSM has
been shown to enhance aircraft operating efficiency by making more fuel/time
efficient flight levels available and enhance air traffic control flexibility in addition
to providing the potential for enhanced en route airspace capacity.

While RV SM isdesigned to target capacity expansion in high altitude airspace,
reducing separation standards near airports is seen as an important strategy to
improving capacity and efficiency of arrivals and departures. One major hurdle to
overcome in implementing this strategy is that many airports have been built with
runways that are too close together to support simultaneous arrivals using current
separation requirements. Therefore, the FAA is working on technology and
procedures to reduce the separation between aircraft operating to closely spaced
parallel runwaysby providing pilotsand controllerswith precisionaircraft and traffic
position information that will allow operations to continue under visual separation
rules during periods of marginal in-flight visibility. In the future, aircraft meeting
specific levels of navigational accuracy — called required navigation performance,
or RNP* in aviation parlance — may be able to use cockpit traffic displaysin lieu

" Required navigational performance (RNP) is a performance standard that defines
the required position accuracy needed to keep the aircraft within a specified
containment area, or bubble, 99.9% of the time. The required navigational
performance is not tied to any specific technology, but sets atechnical standard that
can bemet using various FA A-approved equipment. While precision satellite-based
navigation is currently the principal technology for meeting RNP standards, these
standards allow for the use of other technologies — including yet to be developed
technol ogies — to meet navigationa performance standards.
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of out-the-window visual confirmation of traffic position to see and avoid nearby
traffic approaching parallel runwaysin virtually all weather conditions.

Likefreeflight, reduced separation standardsin the terminal environment near
airports are likely to rely heavily on precision satellite navigation capabilities
provided by the global positioning system (GPS) augmented by ground-based
stations that provide increased precision in the GPS signal. The FAA has two
systems for precision satellite navigation - the recently commissioned Wide Area
Augmentation System (WAAYS) that provides systemwide coverage and the higher
resolution Local Area Augmentation System (LAAS) which may provide more
precise navigation capability for precision landings during low visibility operations
at selected airports. While WAAS isoperationaly available, LAASisstill in early
testing phases of operational testing and there are somethat still question whether the
improvement in navigational accuracy of current LAAS systems over WAAS is
enough to justify their cost.®

The FAA turned onthe WAAS network on July 10, 2003 and isnow phasing-in
landing procedures that can exploit the precision vertical and lateral navigation
capabilitiesof GPSY'WAAS. WAASisamilestone achievement becauseit offersthe
potential for precision vertical and lateral navigational guidance to practically any
runway in the United States in addition to providing improved accuracy of aircraft
position data needed to reduce aircraft separation standards.™

In terms of capacity enhancement, WAAS provides two key benefits. First,
WAAS can be used asameansto alow more precise spacing of aircraft on approach
to an airport. This can permit runway utilization to better approach optimal levels.
In the future, the precision of WAAS enabled GPS position data may alow for the
reduced separation of aircraft on approach and may also reduce the separation of
aircraft arriving on closely spaced parallel runways. The second way WAAS can
enhance capacity is by providing precision landing capabilities to many general
aviation reliever airports. In poor weather, the only available landing sites with
precision landing capabilities offered by current airport-based instrument landing
systems (ILS) are often commercia airports and large general aviation reliever
airports. Consequently, commercial airports often see increased general aviation
activity during poor weather because general aviation aircraft are forced to use these
landing facilities. With new instrument approach procedures exploiting WAAS-
enabled GPS navigation, numerous other airportscan potentially relieve commercial
airports of general aviation traffic during reduced visibility conditions. Thus, the
potential benefit of precision satellite navigation extends beyond providing the
capability to reduce separation standards.

% John Croft. “More WAAS, less LAAS.” Professional Pilot, April 2003, pp. 60-64.

% While WAAS provides the capability for precision vertical guidance to virtually all
runways, terrain, obstacles, noise abatement and other factors may limit itsimplementation
at some airports.
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Automation and Decision Aiding for Air Traffic Management

The future nationa airspace system is likely to make extensive use of
automation and decision aiding toolsto more efficiently managetrafficflow inafree
flight environment with reduced aircraft separation. Many experts see automation
and decision aiding tools as a core element of the next generation airspace system
that will allow users to more fully exploit the capabilities of precision satellite
navigation and enhanced communications and surveillance capabilities. According
to the JPDO director, Charles Keegan, a central concept of the NGATS is to rely
extensively on the automation of coreair traffic management functions such asflow
control and the metering or spacing of aircraft.®

The FAA and NASA are actively engaged in the research and devel opment of
several tools that may someday provide essential automation and decision aiding
capabilities to air traffic managers, controllers, and pilots in the future national
airspace system. One precursor to future decision aiding capabilitiesto enable users
to exploit en route free flight conceptsis the user request evaluation tool (URET)
currently being deployed at enroute air traffic facilities. URET predicts and notifies
controllers of potential conflicts between aircraft or special activity airspace and
providesconflict assessmentsof proposed flight path changes. Presently, URET has
been deployed at six Air Route Traffic Control Centers (ARTCCs) aspart of thefirst
phase of FAA'’s free flight implementation and installation at the remaining 14
ARTCCs is underway as part of the second phase of free flight implementation.
Another component of high altitude free flight enabling technology is the Traffic
Management Advisor (TMA), astrategic planning tool for high atitude controllers
and traffic management specialists. The TMA isused for arrival schedule planning
to implement time based metering or sequencing of aircraft for the handoff between
en route phases of flight and approach to airports in congested airspace. A related
tool designed to aso improve flow control isthe passivefinal approach spacing tool
or pFAST. Asthe name suggests, pFAST has been designed to serve as a decision
aid for controllers to better optimize traffic flow during the final approach to a
runway. While these tools are currently making their way into air traffic control
centers and approach control facilities, they may not offer complete solutionsto air
traffic management. Extensive work is still likely to be needed to integrate these
various tools and concepts on a system-wide level in order to enable more optimal
utilization of airspace and more efficient flow of air traffic.

In the future, integrated air traffic management concepts and collaborative
decision making are likely to increase in importance and alow the FAA to develop
strategies and tactics for handling system-wide traffic flow. The FAA may
increasingly rely on traffic management tools to aid strategic and tactical decision-
making. The national playbook is one example of a traffic management tool
currently implemented to give the FAA the ability to depl oy specific situation-based
tactics for handling capacity constraining conditions such as adverse weather. The
national playbook provides the air traffic control system command center
(ATCSCC), the nerve-center for FAA’s air traffic management operations, other
FAA facilities, and system users a common set of strategies for various scenarios.

% David Hughes. “The ‘Silent’ Crisis’.



CRS-49

The purpose of the national playbook is to aid the FAA and system users in
expediting route coordination during the most common scenarios that occur during
severe weather. The selected routes in the national playbook include textual and
graphical depictions of specific routing tactics that have been vetted by air traffic
control representatives from affected facilities involved in agiven scenario.

Another operational tool that the FAA recently began implementing is the use
of “express lanes’ to temporarily increase the flow out of airports experiencing
departure delays. The concept isthat specific levelsof delay will trigger the tactical
implementation of these “express lanes.” When this happens, air traffic controllers
will hold up traffic to and from nearby satellite and reliever airports to allow
departuresfromthemajor airport to flow more quickly through these“ expresslanes”
in the sky that open up asaresult. Inthefuture, air traffic managers may rely more
extensively on these strategies and tactics and rely more heavily on the use of
automation and decision aiding tool sto optimize airspace utilization and traffic flow
management.

However, despite the FAA’ sfocuson air traffic management technologies and
methods to improve future airspace utilization and increase the efficiency of traffic
flow, these efforts are not believed to be capable of fully addressing capacity needs
by themselves. As discussed previously, one of the main challenges for meeting
aviation capacity needs appearsto belinked to the future capability to expand airport
infrastructure, such as new runways and new airports, in major metropolitan areas
where demand for air travel is expected to grow significantly over the next 25 years.
While increased automation and decision aiding to support air traffic managers,
controllers, and airspace users will help to optimize the utilization of underlying
infrastructure, experts generally agree that expansion and reconfiguration of airport
infrastructure islikely to provide the most substantial gains in available capacity of
the national airspace system.

Airport Expansion and Reconfiguration

Asthe FAA notes, there are two main strategiesfor alleviating peak demand at
airports: building new runways; and maximizing the use of existing runways.®* As
indicated from modelsin the FAA’ s capacity benchmark studies, new runways can
significantly increase an airports capacity. Of the twelve OEP-35 airports building
or planning new runways, those new runways are expected to net an average capacity
improvement of 31% across all weather conditions.®> By comparison, technology
improvements at airports are expected to net more modest capacity increasesin the
3to 8 percent range.®® Thus, any systemwide strategy to enhance capacity is likely
tofocusheavily on building new runways. Technology enhancementstoimprovethe
usage of existing infrastructure, while important, do not appear to be capable of
keeping pace with near-term growth in airport operations.

¢ Federal Aviation Administration. Operational Evolution Plan (Version 6.0).
62 Based on FAA Airport Capacity Benchmark Report 2004 data.
8 Federal Aviation Administration. Airport Capacity Benchmark Report 2001.
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Expanding capacity at airport level, either by adding new runwaysor by building
new airports in metropolitan areas, requires extensive cooperation between the
federal government, local and state entities, airport authorities, and industry and
community stakeholders. For this reason, airport expansion plans are often
contentious, time consuming, and challenging. The growing need for expanded
airport infrastructure throughout the aviation system is pressuring the FAA and
airport operators to seek more streamlined methods for planning and addressing
regul atory compliance issues, such asenvironmental considerations, inthe planning
process. Partnerships and close cooperation between the FAA, airport operators,
state and local governments and stakeholders, such as airlines and impacted
communities, are likely to become more critical in determining the best course of
action to expand regiona capacity for aviation operations while minimizing
environmental impacts and integrating proposed solutions with other regional
transportation objectives. As a step toward addressing these challenges, Vison 100
(P.L. 108-176) included provisionsto streamline the environmental review process
for airport capacity enhancement projects by designating the DOT asthelead agency
in these assessments and directing the Secretary of Transportation to develop a
coordinated review process including simultaneous review by all involved
government agencies. The objective of these provisionsisto reduce the amount of
time and number of reviews required for airport expansion projects.

Onemajor hurdle for many airportsin congested areasis availableland. Many
airportsin major metropolitan areas lack the available land to build on. Moreover,
the acquisition of surrounding land to accommodate new runways is often not a
viable option, and even when it is, doing so is a time consuming and resource
intensive process that often takes severa years. Some experts believe that one
aternative solution is to construct closely spaced parallel runways in hopes that
technology will be able to provide the capability to operate these runways at high
capacity levelsunder most, if not all, flyable weather conditions.** Thereare several
challenges to doing this. Probably the most significant challenge is designing
runways and taxiways for safe and efficient surface movement between multiple
closely spaced parald runways. There are complex operational challenges for
handling arrivals that need to taxi across active runways, and safety concerns about
runway incursions make the use of multiple, closely spaced paralel runways a
particular challenge.

Another significant challengeisthe separation requirementsimposed to prevent
wake turbulence encounters which currently limits the capacity of closely spaced
runways significantly. Wing-tip vortices produced by heavy jets pose a danger to
trailing aircraft that presently are dealt with by spacing aircraft several miles apart.
Reducing this separation is an important element of optimizing the usage of closely
spaced runways. Many experts see great promise in ongoing wake vortex research
and development at NASA’ s Langley Research Center that may someday |ead to the
operational deployment of awaketurbul ence predictiontool for airports.® However,
reducing aircraft separation based on the use of such atool in an airport environment

% David Hughes. “2025 squeezeplay.” Aviation Week & Space Technology, November 15,
2004, p. 44-45.
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is ftill likely to be severa years away. In addition to these challenges, significant
human factors challenges related to controller workload and traffic situation
awareness likely will need to be addressed before a viable means for reducing
separation and conducting simultaneous operations on closely spaced runways can
be implemented without compromising safety.

Market-Based Options

Data indicate that, at best, through airport expansion and improvements, and
through implementation of technology solutions to enhance the capacity of the
national airspace system, the FAA will struggle to keep pace with the growth in
demand for air travel. Thus, there may be a growing need to examine alternative
means to aleviate congestion and delay in the aviation system. One particular
strategy that may be examined isthe use of market-based approachesthat, in essence,
alter the demand characteristics of aviation operators in ways designed to make
demand for aviation services more commensurate with available capacity in order to
maintain efficiency and safety of operations.

These market-based optionsvary along acontinuum of government involvement
(seeFigure12). On oneend of the continuum, airlines and other operators could be
left to work it out amongst themselves to define market approaches and schedules
that will cause minimal delay. In some cases, there could be limited government
involvement in these activities, such as having the FAA or DOT serve asamediator
during discussions of scheduling or asan observer to ensurethat thereisno collusion
or other violation of antitrust statutes and regul ationsand that no specific user groups
are unfairly disadvantaged in establishing schedules and access to airports. The
government may take a somewhat more active role in such activities by discussing
air traffic concerns over proposed schedule options, or even, suggesting scheduling
options based on air traffic management considerations and models of traffic flow.

Figure 12. Continuum of Government Involvement in Market-Based
Strategies to Alleviate Aviation Congestion
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Another way in which government could exert limited control over scheduling
practices is to implement incentives for off-peak scheduling, or disincentives for
operations during peak hours. Incentive programs could be accomplished through
guota systems (for example, multiplying a landing or takeoff during peak hours by
a weighting factor when calculating an operator’s daily or monthly quota of
operations at aspecified airport). Incentive programs could a so beimplemented by
increasing or imposing fees, such as landing fees or ATC impact fees, during peak
hours. More direct government involvement may involve the use of slot systems
where operators and air carriers are allocated limited access to certain congested
airports. At the other end of the spectrum from no government involvement at all
over airline scheduling practices, is government regulation of the airline industry,
whichwas eliminated in 1978. Sinceit islikely that any proposal to re-regulate the
airline industry would face strong opposition from both the airlines and consumers,
such an option is not considered in this discussion of market-based approaches.

In the current debate over alleviating congestion at major airports, asignificant
policy question that remains is: what degree of government involvement in airline
scheduling and airport access is most likely to provide an appropriate balance
between equitableand efficient accessto limited airport capacity on the one hand and
fair and open competition between air carriers in desirable markets on the other?
Options under consideration to address thisissue fall into two broad categories: 1)
strategiesfor curtailing peak hour demand at busy airportsthrough variousincentives
or disincentives, and 2) the use of dots or quotas to alocate access at capacity-
constrained airports.

De-peaking Strategies and Incentives. De-peaking strategies are
designed to aleviate congestion and delay at airports during peak travel times. De-
peaking strategies can be implemented with varying degrees of government
involvement. With a minimal level of government involvement, airlines may
negotiate schedules in a manner that would reduce delay under recently passed
statutes that exempt airlines from antitrust laws to allow them to hold meetings for
these purposes. Specifically, Vision 100 (P.L. 108-176 Sec. 423; Title 49 U.S.C.
840129) established acollaborative deci sion-making pil ot program at two of themost
capacity-constrained airportsin the United States. Under the pilot program, airlines
are provided special immunity from antitrust laws in order to hold collaborative
discussions regarding flight scheduling in order to use air traffic capacity most
effectively.

Under this program, airlines have negotiated peak hour schedules at Chicago’'s
O'Hareairport (ORD) over the past several monthswith limited success. The FAA
persuaded United Airlinesand American Airlinesto voluntarily cut peak hour flights
at ORD, however there is concern that these concessions alone were not sufficient
to alleviate congestion because other carriers have added peak timeflights at ORD.%
Consequently, the FAA hasbeen working with industry to come up with an equitable
schedule arrangement for addressing congestion at ORD. In arecent decision, the
FAA has limited the number of unscheduled operations at ORD to 5 per hour, but

&« Ajrline Overscheduling Still Hurting O’ Hare, ControllersSay.” Aviation Daily, July 15,
2004, pp. 1-2
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some operators have criticized this measure because they assert that it disadvantages
charter operators who are no longer able to use Meigs Field — a nearby general
aviation reliever airport that was closed by the city of Chicago in the spring of 2004
— aswell as operators who base or perform maintenance on their aircraft at ORD.

The process for managing schedules at ORD is increasingly leading the two
legacy carrierswho have curtailed operationsto complain about losing market share
to smaller low cost airlines that are expanding in the Chicago market. The ongoing
frustrations in effectively managing schedule demand at ORD highlights the
challenges of trying to do soin an equitabl e fashion that does not impact competition
in the market. Ironicaly, the use of sots at ORD was eliminated in 2002 under
provisionsin AIR-21 (P.L. 106-181). The current scenario at O’ Hare suggests that
some government intervention to control schedules at some of the nations busiest
airports may be needed in the near future. Whether this means areturn to slots or
some other form of economic regulation is likely to be an issue of considerable
interest to Congress.

Despite the ongoing challenges with scheduling at ORD, there are some
examples that suggest that airlines may find some instances where spreading
operations out could provide business advantages by reducing operating costs. For
example, a recent analysis of American Airlines de-peaking efforts at three of its
main hubs — Dallas-Fort Worth (DFW); Chicago-O’Hare (ORD); and Miami
International (MIA) — indicates that spreading flights out over the day rather than
clumping them can improve operational efficiency. In reworking its schedule at
DFW, American reduced daily departures by almost 10% compared to 2000 levels,
but lost only 1.1% of available seats.*” This analysis indicates that by de-peaking
operations, carriers may be able to increase productivity, make more efficient use of
gates, and consolidate terminal operations. Thus, there appears to be a viable
business case for de-peaking operationsin certain instances. Consequently, airlines
may be quite willing to adopt de-peaking strategiesthat could serve amutual benefit
to both airline operations as well as FAA air traffic operations.

In cases where there are no clear cut business advantages to de-peaking
operations and where no equitable solutions can be attained by airline industry
collaboration and bargaining over flight schedules, the federal government and
airport operators may look to specific de-peaking incentives such as peak hour
pricing as a means to manage schedule demand. Few in the airline industry are in
favor of such asystem. The Air Transport Association (ATA), atrade organization
representing major U.S. airlines, opposes congestion pricing schemes because they
argue that these mechanisms siphon off revenuesfrom airlinesand put the money in
the hands of the airports which are natural monopolies and do not have to compete
in the highly competitive and price sensitive airline industry.® Similarly regional
airlines, and general aviation operators object to peak hour pricing because they

" Steve Lott. “Redistributing hub flights saves time, dollars.” Aviation Daily, June 16,
2004, p. 5.

& “Ajrport Slot Auctioning ‘Simulation Games Will Pinpoint Service Disruptions.”
Aviation Today, July 19, 2004.
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believe that such pricing schemes would unfairly limit access to major airports to
large carriers who can pass along increased landing fees to alarger consumer base.
There is concern that peak hour pricing may further limit air service to small
communities served by regional carrierswho will essentially be priced out of major
airports.® Airport operators may also look less favorably on peak hour pricing
schemes over alternatives such as slots and quotas, because a peak hour pricing
scheme is more complex to manage and may not result in meeting scheduling
objectives to the extent that can be achieved by implementing slots and quotas.”

Slots and Quotas. Since economic deregulation of the airline industry in
1978, slots have been used at a few busy airports as a method to control airport
scheduling. Under AIR-21, statutory language was enacted phasing out the use of
slotslargely over concernsthat slots could preferentially advantage well established
carriers and made it difficult for new entrant carriers to gain a foothold in certain
desirable markets. Under these provisions, theonly airport that will continueto have
astatutorily defined slot system for regul ating flight schedul es after January 2007 is
Washington Reagan National Airport (DCA). However, with the phase out of
statutory slot systems, policymakerswill likely face challengesin managing demand
to avoid strains on capacity that could induce congestion and increased delay.

It has been reported that the FAA is mulling the idea of implementing
“auctions’ for dots at New York’s LaGuardia (LGA) after the statutory slot
authorizations expire in January 2007 and possibly at other congested airports like
ORD.™ Under such a scheme, airlines would €either pay up front fees or monthly
leases for slot rights to operate at a given airport. Whether the FAA would need
statutory authority to carry out such a scheme remains debatable. The FAA retains
the authority to limit flight operations on the basis of safety and could likely
implement such a scheme so long as it does not treat any airline or operator
preferentially in allocating slots. However, concerns over the potential that the
allocation of slotscould result in unintended market imbal ances or may disadvantage
service to small communities could prompt congressional oversight or possible
legislative action on the issue of airport slot allocations.

The ATA opposes such a system largely on the belief that current exceptions
and variances for slots — such as those that currently exist for new entrant carriers
andfor flights serving small communities— underminesthe purported basi sof these
schemesfor managing operational demand at busy airports and instead melds facets
of market controlsthat directly affect airline business practices. On the other hand,
the Airport Council International - North America, atrade organization representing
large airport operators, favors slot auctions over other schemes such as congestion
pricing, noting that allocating slots is administratively easier to implement, and
resultsinregular, predictable scheduleswith fixed numbersof flightsthat can betied
directly to availableairport capacity. In contrast, congestion pricing schemes can be

% See CRS Report RS20914, Aviation Congestion: Proposed Non-Air Traffic Control
Remedies.

0« Aijrport Slot Auctioning.” Aviation Today, July 19, 2004.
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difficult to manage and may have little or no impact on congestion if it does not
correctly predict market factors and demand for peak travel timesthat may fluctuate
based on a variety of market factors.”

Any debate on the issue is likely to rise in significance in the next two years,
because the slot restrictions at New York’s LaGuardia (LGA) and Kennedy (JFK)
airportsare set to expire at the beginning of 2007, under the same provisionsof AIR-
21 that eliminated slots at ORD in 2002.

Funding Challenges

Status of the Airport and Airways Trust Fund

One concern over available funding for aviation infrastructure enhancements
and expansion isthe status of the airport and airwaystrust fund (AATF). The AATF
has experienced arecent drawdown in fund bal ances coupled with reduced revenues
caused primarily by adecline in aviation ticket tax revenues from FY 2000 through
FY2003. Both the declining balances and the loss of revenues are indicators of
possible future shortages of funding to pay for capacity enhancement projects.
Figure 13 shows the annual income and uncommitted end of year balances in the
aviation trust fund since 1998. A modest declinein trust fund revenue between 1999
and 2003 is coupled with a precipitous decline in uncommitted trust fund balances
since 2002. The effects of the economic decline in the aviation industry since 2000
are reflected in this trend. From 1999 through 2003, the aviation trust fund
experienced about a $1.3 billion dollar decrease in revenue, roughly a 12% decline
in annual revenues. More notable is the continuing decline in aviation trust fund’'s
uncommitted end-of-year balances which have declined 66% compared to 2001
levels despite recent trust fund revenueincreases. The continuing trend of declining
trust fund balancesisan indicator that costs for modernization efforts are exceeding
annual revenues and interest flowing into the trust fund. Thereis aso concern that
the increasing costs of day-to-day operations and the increased reliance on the trust
fund for FAA’s operational costs is creating a strain on the trust fund. Thisis of
particular concern if agreater proportion of air traffic operations are expected to be
funded directly by the trust fund as the current administration hopes to achieve as
opposed to partial funding from the general fund asiscurrently thecase. Allocations
for FAA operations between the trust fund and the general fund may become a
significant policy issue for future appropriations cycles and the next FAA
reauthorization.

Trust fund financial projectionsthrough FY 2005 indicate continued declinesin
trust fund balances. Along with these declining balances, updated projections of trust
fund revenues through 2007 identify a potential revenue shortfall of almost $12
billion compared to pre-September 11, 2001, revenue projections (see Table 3).
Thisis despite an expected rebound in revenues starting in FY 2004 tied largely to
increases in airline ridership. However, even with increases in airline passenger
volume, the shift toward low cost carriers and discounted airfares, could reduce the
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trust fund income since a 7.5% tax levied on passenger tickets is the largest
contributor to trust fund revenue. Consequently, revenue generated as a percentage
of ticket cost may be lower than in the past despite increased passenger boardings.
Further declinesintax revenue may occur astheresult of increased reliance on point-
to-point service. Withmorepoint-to point service, flyersmay fly fewer trip segments
thus lowering revenues generated by the per segment tax. In recent years, the
passenger ticket tax and segment tax have comprised morethan 60% of total aviation
trust fund income. Thus, even with an anticipated recovery in the airline industry,
trust fund income may still lag due to low-fare competition and increased point-to-
point service. However, this effect could be offset by large growth in passenger
boardings. If thegrowth in airline operations can outpaceinflation over the next few
years, it is likely that the trend of declining aviation trust fund balances could be
reversed.

Figure 13. Income and Uncommitted End of Year Balances in the
Airport and Airways Trust Fund
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Table 3. Projected Aviation Trust Fund Revenues Before and
After September 11, 2001

($ Billion)
FY2003 FY2004 FY2005 FY2006 Total
April 2001 12.9 13.7 145 15.4 56.5
Estimate
February 2004 9.3 10.4 11.1 11.7 425
Estimate Actual
Difference -3.6 -3.3 -34 -3.7 -14.0

Sour ce: Department of Transportation, Office of Inspector General, Short and Long-term
Effortsto Mitigate Flight Delaysand Congestion. Statement of the Honorable K enneth M.
Mead, Inspector General, U.S. Department of Transportation before the Committee on
Commerce, Science, and Transportation, Subcommittee on Aviation, U.S. Senate. May 18,
2004.

Whilethereisstill over $2 billioninreservein the aviation trust fund, the trend
of declining trust fund balances and revenues may indicate potential shortfallsin the
ability to fund future aviation infrastructure projects. The status of the trust fund is
also impacted by the scope of outlays that it is used to support. Historically, trust
fund outlays have been the sole funding source for aviation infrastructure
improvements and enhancementsto address capacity needs and saf ety requirements.
However, many view the significant increase in use of the trust fund to pay for
FAA’s day-to-day operations over the past 15 years as a potential threat to the
availability of funds for FAA’s modernization efforts. Critics of using trust fund
revenues for FAA’s operations account argue that these activities should receive a
greater percent of funding from the U.S. Treasury General Fund. However, others
view the aviation system as a self-supporting entity whose program spending in all
areas, including operations, should be met largely, if not entirely, by trust fund
revenues. Therefore, one proposal to increase available funds for facilities and
equipment upgrades and airport improvementsisto increase the use of General Fund
sources for FAA operations and perhaps even for capacity enhancement projects.
Since many view aviation as a self-supporting system, like highway funding, all
proposals to increase the General Fund share of aviation expenditures are likely to
be controversial.”

Another option, albeit a highly controversial one, is to implement a fee-for-
service schedule to pay for operationa costs associated with running the national
airspace system thus offsetting the strain that these operational costsimpose on the
aviation trust fund. Implementation of usage fees for air traffic services is one
element of aconcept of privatizing someor all air traffic service functions, although
user fees are not unique to a privatized model of air traffic services and could be
imposed in a government-run system as well. Usage fees for air traffic services
levied on operators would ultimately be borne by operators and, in the case of

3 For additional information, see the discussion of aviation trust fund issuesin CRS Report
32498, Vision 100: An Overview of the Century of Aviation Reauthorization Act (P.L.
108-176)
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airlines, passed along to passengers. Airlines note that with aviation taxes and fees
already high, despite cost saving measures to trim operationa expenses, they are
unable to absorb additional tax burdens by further reducing operating costs.

The other difficulty with user fees is the cost and logistical challenge of
implementing afee-for-service operation and collecting user fees. Nonethel ess, some
claim that such an approach would create a more equitable system, arguing that the
current aviation tax and fee structure resultsin imbalance in which airlinesand their
passengerspay morethantheir fair sharewhilebusinessjet operatorsin particular are
able to use the system at only a small share of the associated costs.”* General
aviation lobbyistsargue, to the contrary, that most general aviation userscreatelittle
impact on the system and pay equitably through taxes levied on aviation fuels.”
Further complicating the issue is the fact that air traffic services are safety-related,
and as such, are in the interest of the general public. Therefore, some argue that
some of the costs for these services should be borne by the general public as they
currently are. This view has especially been highlighted in the aftermath of
September 11, 2001 where air traffic serviceswere seen as playing an important role
in national security as well.

Another potential means to make additional funds available for aviation
infrastructure is through increasing trust fund revenue, either by increasing aviation
taxes destined for the trust fund or by increasing the tax base for the trust fund.
Available optionsinclude raising the percent tariff on airfares; increasing fixed fees
such as the per segment tax; or other aviation taxes. Aviation taxes are obviously a
contentiousissue, especially inthe current economic climate of the aviationindustry.
The main source of trust fund revenue is the airline passenger ticket taxes, levied at
7.5% of thefare plusan additional inflation-adjusted fee charged per flight segment.
Trust fund revenues are also derived from aviation fuel taxes, taxes on cargo
shipments, and international arrival and departure taxes. Analysis by the ATA
indicatesthat taxes and other government fees currently can make up morethan 25%
of thetotal cost of atypical $200 round-trip ticket.” By comparison, their analysis
indicated that taxes and fees accounted for only 7% of the total ticket cost in 1972
and 15% of the cost in 1992. Therefore, the airline industry is understandably
concerned that increasing revenue for the aviation trust fund by increasing taxes will
further destabilize struggling airlines and makes this option extremely contentious.
Implementing any of these optionsislikely to beunpopular withairlinesand aviation
consumers. Asthe ATA noted, “[t]axes and feesimposed on the industry, whether
on airlines, airport or passengers, ultimately impact the industry’s ability to meet
consumer demand to grow and produce further economic expansionin all sectors of
the economy.””” Therefore, policymakers may consider alternatives to increasing
taxes.

" “Why should overtaxed fliers subsidize private planes?’ Editorial. USA Today, April 14,
2004.

> Phil Boyer. “Current system works.” Opinion. USA Today, April 14, 2004.

6 Airline Transport Association. “Statement on the State of the Airline Industry.” Airline
Transport Association, Washington, DC.

7 |bid. p. 40.
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Analternativestrategy may beto lower taxes, either temporarily or permanently,
to reduce the tax burden and stimulate growth in the industry. While lowering
aviationtaxesin an effort to increasethetax baseisapossible option, many view this
as a counter-intuitive approach that offers no guarantee that short-term tax revenue
losseswill be offset in thelong-term from the increase in tax base attributable to the
tax cut.

Another possible option isto reduce aviation trust fund outlays in other areas.
For example, trust fund outlaysfor airport constructionisapportioned using formulas
based on the airport’ slevel of commercial aviation activity under the FAA’sairport
improvement program (AIP). Capacity enhancements are funded through avariety
of other sources including airport passenger facility charges (PFCs); other airport
revenue from the leasing of commercial space and so on; state grants; and bonds.
Outlays from the aviation trust fund could be reduced by altering AIP funding
formulas thus increasing the reliance on these other funding sources for airport
infrastructureimprovements. However, thisoption may be unpopular becauseit may
further limit the federa role in capacity enhancement projects. Also, large and
medium sized airports, those most directly affected by capacity constraints, are not
particularly reliant on AIPfundsanyway. A study by the GAO found that AP funds
covered only 10.6% of development funding at 71 large and mid-sized airports,
comparedto 50.5% of devel opment costsat other national systemairports.” Another
possible option could be to use general fund resources to pay for FAA research and
development as opposed to relying on trust fund revenue for these activities.
Advocates for such a proposal may argue that research and devel opment activities
have the potential to benefit all citizens, not just aviation systems users. However,
even if policymakers were to agree and fund FAA research and development from
the general fund, thiswould likely have little overall impact on the status of the trust
fund because research and development currently accounts for about $130 million
annually, slightly less than 1% of the total FAA budget.

Near-term projections indicate that aviation trust fund revenues will not keep
pace with spending needs for air traffic operations and modernization efforts.
Consequently, the FAA expectsthat it will have considerably lessfunding to finance
new capabilitiesinitsoperating budget. Therefore, the FAA isprioritizing programs
based on both anticipated capacity gains aswell as cost efficiencies, and recognizes
that it will need to discontinue low-priority programs.” Severa elements of the
FAA’s facilities and equipment account, the funding source for airspace
modernization technologies, have been the subject of this prioritizing and cost-
cutting process.

FAA’s Facilities and Equipment Account

One potentially contentiousissue that reemerged in the FY 2005 appropriations
process and may be atopic of considerable scrutiny in future year budgetsisfunding

® U.S. General Accounting Office. Airport Financing: Funding Sources for Airport
Development. GAO/RCED-98-71. March 12, 1998.

™ Federal Aviation Administration. National Airspace System Operational Evolution Plan
2004-2014. Executive Summary - January 2004 (Version 6.0)
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for FAA’ s Facilities and Equipment (F& E) account. Thisaccount paysfor capacity
enhancement projectsrelated to air traffic control and navigation. AsseeninFigure
14, the F& E account has grown over recent years, peaking at just under $3 billionin
FY2003. Figure 14 shows that F& E funding has historically followed a cyclical
trend that appears to be on about a 10-year cycle. Such atrend is to be expected,
given that technologies to modernize air traffic operations take time to mature and
go through lengthy development and testing. Thus, surgesin funding levels could
be expected during periods when these technol ogies reach maturity and are deployed
in large numbers and integrated into the national airspace system. The GAO noted
ina1994 report that F& E appropriationsrose sharply between FY 1982 and FY 1985,
then declined briefly in FY 1986 and FY 1987, before increasing sharply again at an
inflation-adjusted rate of 11 percent annually, peaking in 1992.%° Thiscrescendoin
funding during the late 1980s and early 1990s that peaked in 1992 can be tied to
work conducted under FAA’s advanced automation system (AAS), a costly and
controversial program to modernize the FAA’s en route and terminal radar control
facilities that was to be completed during that time frame. The current peak in
FY 2003 can be tied to the maturation and rollout of two key programs: (1) the
standard terminal automation replacement system (STARS) — a technology to
upgrade the radar consoles in TRACON facilities; and (2) the commissioning of
WAAS — asystem to improve the accuracy of GPS navigation signals. Therefore,
given the cyclical nature of F& E funding, lower funding requests for FY 2005 and
FY 2006 might be expected.

Figure 14. FAA Facilities and Equipment Funding
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RS20177, Airport and Airway Trust Fund Issuesin the 106" Congress.

80 U.S. General Accounting Office. FAA Budget: Management Attention Needed for Future
Investment Decisions. Statement of the Record by Allen Li, Before the Subcommittee on
Transportation and Rel ated Agencies, Committeeon Appropriations, U.S. Senate, April 21,
1994. GAO-T-RCED-94-195.
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However, the present decrease in F&E funding for FY 2005 and FY 2006 —
about a 12% cut compared to FY 2004 levels — is seen as somewhat controversial
because significant work still needsto be done on communications, navigation, and
air traffic control projects to keep pace with OEP targets for the next ten years.
Furthermore, the FAA faces large funding needs if it is to: deploy next generation
radar sites; equip ATC facilities with enhanced weather information systems; fully
deploy STARS; and move forward with testing and implementation of free flight
conceptsover the next few years. The FAA has cut funding to several lower priority
programs, particularly communications related programs likee NEXCOM — a
program to provide digital voice and data channels and broaden available very high
frequency (VHF) radio spectrum for air to ground communications; and controller-
pilot datalink communications (CPDLC) — atool that will provide text messaging
capabilities between pilots and controllers. The FAA argues that these cuts are
reasonable because they are not running out of VHF spectrum as quickly as
anticipated, and financially strapped airlines are not ready to make the necessary
investment in CPDLC. One major question that may be raised by Congress is
whether the FAA is effectively managing its F& E dollars, which it has not done a
good job of in the past as discussed earlier in the section on cost overruns.

One option to enable future spending on facilities and equipment is to use
airport improvement program (AlP) funds, rather than F& E funds, to pay for airport-
specific facility acquisitions. This has both positive and negative implications for
airports. Onthepositiveside, it can help assure or expedite the acquisition of needed
or wanted equipment to enhance capacity or improve safety at an airport. On the
other hand, use of AIP funds for equipment purchases may take funds away from
runway construction or other planned capital improvement projects. Thismay result
in an increased reliance on local airport funds to keep projects on track. If local
funds are unavailable or if schedules are allowed to dlip for funding-related reasons,
then capital improvementsto meet capacity needs may |ag behind growth in demand
at specificairports. Also, aspreviously noted, with declining balancesintheaviation
trust fund, it may be difficult to meet additional program funding needswith federal
dollarsthereby increasing the cost burden on airports. Besidesthe cost implications
toairports, thiscould also result in implementation of F& E programsbased onlocal
priorities which may not be the same as the federal priorities for enhancing the
national airspace system as awhole.

Summary of Findings

This report has identified several factors affecting aviation growth and the
ability to meet that growth by enhancing the capability and capacity of the national
airspace system. Below is asummary of findings detailed in this report regarding
aviation growth, capacity needs, and factors affecting the FAA’s ability to address
these capacity needs.

e Aviation capacity needs are geographically specific, affecting
airportsand airspacein several major metropolitan areasand certain
high altitude flight corridors.
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Growth trendsin aviation operations in major metropolitan regions
will continue to strain capacity for the foreseeable future. Current
FAA short-term plans for capacity growth will, generaly, lag
dightly behind forecast growth in demand in these capacity
constrained regions.

Despite an optimistic long-range vision to triple system capacity,
fully implementing FAA’s OEP will likely only yield about a 27%
increase in capacity by 2013 as compared to available capacity
during the summer of 2000. This projected capacity enhancement
will barely keep pace with forecast growth. Also, delayswill not be
reduced at thislevel of capacity enhancement since FAA’ s forecast
model assumesthat the prevailing acceptablelevel of 14 minutes of
average delay is maintained.

Capacity constraints have an impact on system efficiency as
measured by delay, as well as on system safety as indicated by
metrics such as runway incursions and operational errors.

Controller staffing shortages and high labor costs for air traffic
services may become an impediment to meeting future capacity
needs. The FAA currently does not have a strategic planin placeto
hire and retain adequate numbers of controllersto replace an aging
controller workforce. Under Vision 100 the FAA was directed to
develop such a plan and language in FY 2005 appropriations bills
would provide funding to hire and train new controllers.

M eeting future capacity needs will likely require a comprehensive
systems approach using appropriate options that may include new
runways and airport configurations, additional airports; airspace
redesign; operational toolsand decision aids; theuse of technologies
to increase system throughput; and market-based strategies to alter
the demand characteristics of operations likely to cause congestion
and delay.

Airport improvement projects, such as adding runways or
reconfiguring taxi routes, are seen as one of the most effective ways
to alleviate airport-specific congestion and delay. However, these
projects often take many years to plan, require buy-in from local
authorities, and may involve lengthy environmental and economic
impact assessment processes. Similarly, airspaceredesign canbean
effective tool for enhancing system capacity, but requires lengthy
study and evaluation of operational and environmental impacts
before implementation.

Core technologies to improve system throughput, such as GPS and
ADS-B, are generally mature, but significant work on complex
systems integration is needed to effectively exploit these
technologies in a manner that will optimize NAS capacity.
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Based on past FAA program management efforts that have resulted
in cost overruns, schedule delays, and performance deficiencies in
major systems acquisitions, systemsintegration programsto enhance
the capacity of the national airspace system areregarded ashighrisk.

Both the ATO and JPDO are too new to assess whether they will be
effective in overcoming the organizationa factors identified as
impediments to effective management of NAS modernization
efforts.

A reduction in aviation trust fund revenues may cause the FAA to
suspend work or scale back low priority programsin the near-term
and search for ways to reduce unit costs for air traffic services by
about 21%. Inthelong term, continued aviation trust fund revenue
shortfalls— apossible result of low-cost airfares— could result in
alack of fundsfor critical capacity enhancement projects. However,
growth in airline ridership could reverse this trend and provide
needed funding.

The long range next generation air transport system (NGATS) plan
islikely to focus on automation and collaborative decision making
tools for air traffic management (ATM) and expanded free flight
concepts. While the plan is being designed to maximize flexibility
for incorporating new, unforeseen technologies into the future
airspace system, the plan may lack sufficient detail and focus to
guide and monitor progress toward implementation of the NGATS.
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