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EXECUTIVE SUMMARY

This report was prepared in response to Section 522 of Public Law 103-305, a
1994 amendment to the Airport and Airway Improvement Act of 1982. The law requires
the Secretary of Transportation fo study the impact of mandating the use of Child
Restraint Systems (CRS) for children under the age of two on scheduled air carrier
aircraft. The primary issues analyzed in the study include the efficacy of CRSs
currently approved for use in air carrier aircraft, and the impacts of required use of
CRSs (which occupy a passenger seat) on air carrier passenger volume, costs to
families traveling with infants, and fatalities and injuries.

Infants under 2 years old are currently permitted to travel aboard aircraft in an
unsecured manner on the laps of accompanying adults. Current airline general practice
is to allow these infants to fly free of charge. Although the FAA encourages and
actively promotes the use of effective CRSs for infants in air transportation, their use is
not mandatory and most infants now travel on the laps of adults. To analyze the
economic and safety impacts of a CRS mandate, an analytical framework was
developed, based on several premises:

. If CRSs become mandatory, infants will require the use of passenger
seats, making them unavailable for other full-fare passengers.

. Costs will be associated with implementing a CRS mandate. These costa
will affect air carriers, air passengers traveling with children under two, and
possibly other passengers as well. One or more of these groups will either
absorb or share the additional costs.

. Higher air travel charges for families traveling with infants, if implemented,
will reduce demand for air travel for some families. These families may
divert to other modes of transportation or may forego their trips compleiely.

Increased costs and/or revenue loss may affect the profits of air carriers.

. Air travelers who divert to other modes of transportation will be subject to
the higher mortality and injury rates associated with those modes.

Just prior to the enactment of PL 103-3053, the FAA completed laboratory testing
of a representative group of CRSs. Other key parameters used in this study, however,
such as the sensitivity of travel choices of families traveling with infants to possible
increased fares associated with CRS use, and estimates of fares that air carrers may
charge for CRSs are not well established. Information on these and other topics
relevant to the questions posed by the Congress was obtained by a review of pertirent
literature and data; conducting five pane! discussions with academic, industry, and
government experts, and soliciting public comments through a FederadRegister notice.
Data available from previous studies and aviation industry and government souices

Federal Aviation Administration ES-1 ktay 1998
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suggest likely impacts if use of CRSs is made mandatory. However, except for efficacy
issues, results of this study are only estimates and are not based on data derived from
surveye, experiments, or tests. In an effort to examine uncertainties associated with
these estimates, the study includes sensitivity analyses related to key parameters.

Study resutts are as follows:

. EFFICACY OF CHILD RESTRAINT SYSTEMS: Of the categories of CRSs
tested, only the aft-facing types, typically used for infants under 20 pounds,
performed well. Of the eight forward facing carriers tested, only two met
accetted head impact criteria limits.  The installation of alternative anchor points
on three of the forward-facing carriers tested resulted in a dramatic improvement
of these carriers. Booster seats failed to prevent head impact and presented a
potential safety threat because of crushing forces related to seat-back
breakover. Harness-type systems permitted excessive forward head and body
movements, followed by violent rebounding, and the belly belt failed to prevent
head impact and permitted the occupant to be crushed between the adult and

- the forward seat. An effective CRS.is considered to be one that provides at least
the same level of protection to an infant that a lap belt provides to an aduit or a
chiid large enough to use a lap belt. To improve the efficacy of CRSs,
modifications must be made to either the CRS designs or the manner in which
they are installed or attached to the aircraft seat. Despite the deficiencies with
respect to the use of most current CRSs types in air carrier aircraft, it was
assumed for the purposes of completing this study that fully effective CRSs
would be available in the future.

. AIR CARRIER PASSENGER VOLUME: Families with infants traveling on
aircraft are believed to be extremely sensitive to changes in the cost of airline
tickets. Any extra cost imposed on families traveling with infants is expected to
decrease air carrier passenger volume. For example, if families traveling with
infants are charged the full noninfant airfare for the infant passenger, an overall
yearly average of approximately 27 percent are estimated to continue traveling
by air, an average of 20 percent would stilt travel but divert to another
transportation mode, and 53 percent would forego their trip. At the other
extreme; if families incur no additional costs, they would not divert to other
modes of transportation. This behavior is based on the economic principle of
price elasticity of demand, which states that the amount of service purchased (in
this case air travel) will decrease if the price of the service (airfares) increases.

FAMILY TRAVEL COSTS: The potential increase in family-travel costs includes
the additional purchase of infant tickets and of aircraft-effective CRSs for families
not currently owning them. The general policy of airlines is to charge for any
seat reserved for occupancy by an infant, although most airlines do not prevent
an infant from being placed in a vacant seat during cruise flight. Individual
families would incur the greatest costs when air carriers charge airfares for
infants at the same rate currently charged for non infants. Based on average trip

Federal Aviation Administratior ES-2 May 1995
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distance, the additional cost to a family traveling with an infant in this case would
be about $200, with a total estimated annual cost of $109 million for this ‘L
segment of air traveler. : -

. FATALITIES AND INJURIES: The impact of a CRS mandate on fatalities and 1
injuries depends on the efficacy of CRSs being used and on the number of air -
travelers who divert to other transportation modes. Fatality and injury rates for
automobile transportation are significantly higher than those for scheduled air
carriers. Alr crash fatalities of infants are a rare event although well-reported
when they occur. The study estimates that, even if fully-effective CRSs become
available, a CRS mandate would prevent a maximum of 5 infant fatalities in air
transportation over the next 10 years. Mandating the use of currently available
CRSs would probably prevent only 2 or 3 infant fatalities over 10 years.
However, mandating CRSs could result in added air fare costs to passengers
with infants. In this event, any added cost would cause some of these
passengers to divert to other modes of transportation. Any safety improvement
from mandating CRSs on airplane flights will be offset by additional fatalities that
would occur on the highways, assuming air carriers charge parents for
passenger seats in which to place CRSs. In the worst case, when families are
charged the full fare for infant tickets, the shift to other transportation modes is
estimated to result in a net increase of about 82 infant and-adult fatalities over
10 years. Major and minor injuries follow the same pattern, but at elevated
levels, because the automobile injury rates are much higher than the fatality
rates. Increased fatalities and injuries occur even when infant fares are
discounted. If infant fares are set at only 25 percent of full ticket fares, there will
<till be a net increase of about 17 infant and adult fatalities over ten years. Any
charge at all for infants will result in fatalities and injuries {for infants and non-
infants) because of FTU diversions from air travel.

. IMPACT ON AIR CARRIERS: For seats reserved for CRSs, air carriers may opt
te charge full fare, no fare, or a discounted fare. Air carrier revenues under a
range cf scenarios were estimated balancing gains from parents electing {o pay
infant fares against losses resutting from diverted passengers who elect not o
pay infant fares. Airlines may also incur recurring costs and nonrecurring costs
for the acquisition and maintenance of air carrier-provided CRSs and for
updating and maintaining air carrier reservation systems to accommodate
reserved seats for infants. Unless airlines pass the costs oh 1o pagsengers in
the form of higher air fares, the combination of higher costs and potential lower
revenues associated with mandatory use of CRS may result in a net decrease in
aitline profits. Based on study results, air carriers may actually lose substantial
revenues if full fares are always charged for a seat reserved for CRS use,
because of resulting extensive diversion of whole families from air travel. This
finding, however, is based on a presumption that families traveling with infants
are extremely sensitive to the price of air travel and the assumed size of those
families. There may be circumstances when families are less sensitive to
chamges in air travel cost, such.as holidays and other peak periods. The finding

Federal Aviation Administration ES-3 . May 1995
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of petential revenue loss associated with new charges to families traveling with
infants also reflects past circumstances of the air transportation industry, which
has been characterized by moderate excess capacity relative to total demand.
This is subject to change. United States commercial air carrier passenger
enpfanements, which have averaged only 1.5 percent annual growth during the
preceding four yetrs, were up 8.2 percent in 1994, the largest growth since
1987. The FAA farecasts relatively strong growth to continue for at least three
more years (over 5 percent per year) which could result in higher load factors
and increasing reluctance on the part of air carriers to offer deep discounts to
infants. If strong demand exists in the future, airlines may be able to offset
revenue lost to family diversions with new passengers entering the market.

Federal Aviation Administration - E5-4 May 1995
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1. INTRODUCTION AND BACKGROUND |

This study was mandated by Public Law 103-305, a 1994 amendment to the
Airport and Airway Improvement Act of 1982. In the words of the law, the Secretary of
Transportation is to conduct a study, “on the availability, effectiveness, cost, and
usefulness of restraint systems that may offer protection to a child carried in the lap of
an adult aboard an air carrier aircraft or provide for the attachment of a child restraint
device to the aircraft.” '

These issues relate to the central question of whether the Federal Aviation
Administration (FAA) should require by regulation that infants under two years of age
(hereinafter referred to as "infants") be secured in air carrier aircraft, or whether those
traveling with infants should continue to have the choice of securing their infants in a
restraint system or holding infants unsecured on their laps.

Infants are currently permitted to travel aboard air carrier aircraft in an unsecured
manner on the laps of accompanying adults. Infants traveling by air can alsa be placed
in an approved Child Restraint System (CRS), a term referring to the seat hoiding the
infant, which is anchored to the surrounding structure. Individual air carriers exercise
discretion in the amount they charge for infants transported either on laps or in CRSs.

The EAA encourages and actively promotes the use of effective CRSs for infants
in air transportation, but to date has stopped short of requiring them. This is primarily
because several previous studies suggest that if families are charged for infant air
travel, many would shift to less safe ground transportation systems, resulting in a net
increase in overall fatalities and injuries [Apogee, 1990 and 1993: Windle and Dresner,
McKenzie and Lee].

Overall, U.S. air carriers have a superb safety record—one that has improved
over time and now ranks among the best in the world. Alr carrier incidents are
infrequent; accidents are rare; and the risk of passenger injury or death associated with
this mode of transportation is low. However, if an aircraft accident does occut,
unsecured or improperly secured infants may face a higher risk of death than
adequately secured passengers.

As directed by Congress, this study examines the following topics:

. The efficacy of CRSs currently approved for use in air carrier aircraft
(Chapter 3)

« The impact of a CRS reguirement on air carrier passenger volume
(Chapter 4)

1 Results of the Civil Aeromedical Insfitute study {see Chapter 3} demonstrated that some forward-facing
CRSs allowed higher than acceptabie head impacts with the seat in front of the infant. For children who are
large enough to use the standard seat belts, this is not an issue. :

Federal Aviation Administration 1-1 May 1995
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*  Thedirect cost to families of requiring air carriers to provide CRSs and infants
to use them (Chapter 5)

* The impact of a CRS requirement on fatalities and fatality rates of infants and
adults traveling by air, automobile, or other modes of transportation (Chapter
B6). ,

This chapter summarizes:

° Past and present regulations relevant to CRSs
*  Histospof aircraft accidents involving infants

* Results of previous studies on CRSs

*  Lurrent &ir carrier practices regarding CRSs.

1% - PAST AND PRESENT REGULATIONS AND DIRECTIVES RELEVANT TO
CRSs

CRS regulations and related documents fali into two groups: those relevant to
the CRS (that is, the actual restraint) and those relevant to the structural environment
surrounding the CRS (that is, the aircraft passenger seat)

1.1.1 CRS Policy, Regulations, and Standards

CRSs were initially regulated by the now defunct Technical Standard Order
(TSO) C100, issued by the FAA. This TSO was followed by the Federal Motor Vehicle
Safety Standard 213 (FMVSS-213), Child Restraint Systems; Federal Aviation
Regulations (FARs) 91.107, 121.311, 125.211, and 135.128; Advisory Circular (AC) 91-
62A, Use of Child Seats in Aircraft; Flight Standards Information Bulletin (FSIB) Number
92-23, Miscelianeous Operational Amendments, Air Carrier Cabin Safety Operations
Provisions; and a public information FAA leaflet, Child/Infant Safety Seats
Recommended for Use in Aircraft. The following briefly describes the above items:

* TSSO C100, issued in 1982, was the first regulation defining FAA performance
standards for CRSs used in an air carrier aircraft environment. The standard
covered the following:

—  Systems that met FMVSS-213 requirements (as amended in 1980)

—  Systems that met a 16 times the force of gravity, 22 feet-per-second
dynamic test using a representative aircraft seat fixture. (A list of CRSs
meeting the test was provided in the order.)

Based on the recommendation of a U S Department of Transportation (DOT)
report, TSO C100 was withdrawn in 1985 when FMVSS-213 was amended to
include a roll over test,

* FMVSS-213, Child Restraint Systems, initially defined the National Highway
Traffic Safety Administration’s (NHTSA) performance standards for portable,
as well as built-in CRSs, sold for use in automaobiles driven in the United

Federal Aviation Administration 1-2 May 1995
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States. The fixtures, procedures, impact conditions, and pass-fail criteria that
should be used in testing CRSs seeking approval under the standard are also
specified. In 1985, a roll over test supporting the use of CRSs in an air
carrier aircraft environment became a requirement of FMVSS-213. Following
this amendment, FMVSS-213 became the solitary standard for CRSs used in
all transportation modes. At the discretion of the airline operator, any CRS
labeled as meeting FMVSS-213 could be allowed aboard.

. FAR Sections 91.107, 121.311, 125.211, and 135.128 (14 C.F.R. §§
91.107, 121.311, 125.211, and 135.128), were amended in 1992 to permit
the use of a CRS if it is appropriately labeled, the child to be placed in the
seat is accompanied by his or her parent or designated attendant, #he GRS is
capable of being secured to a passenger seat, and the child does not exceed
the weight limitations for the device. In addition, the amendments prohibit,
during air transportation, the use of CRSs that position children on the tap or
chest of adults.

- Advisory Circular (AC)91-62, Use of Child/Infant Seats in Aircraft, specifies
limitations (for example, seat location, proximity to accompanying adult)
governing the use of CRSs in air carrier aircraft. This AC was amended in
1992 to AC 91-62A, Use of Child Seats in Aircraft, to define certain types of
CRSs that are approved under FMVSS-213 or under the standards of the
United Nations that should not be used in an air carrier aircraft. These CRSs
position an infant on the lap or chest of an aduit seated in a passenger seat.
In 1994, FMVSS-213 was amended to prohibit the use of belly belts.

«  FSIB Number 92-23, Miscellaneous Operational Amendments, Air Carrier
Cabin Safety Operations Provisions, contains the same information as AC 91-
62 and is published concurrently with AC 91-62 and the amended FARs.

<  FAA Leafiet, Child/Infant Safety Seats Recommended for Use in Aircraft, is
a quick reference guide for the general public. It has been widely distributed
to the public and discusses how to ensure that CRSs are acceptable for
aircraft use; questions to ask air carriers when making reservations; and the
proper use, location, and maintenance of CRSs.

Several Federal policies identify standards associated with CRSs, specify
minimum requirements, define testing standards, and describe what constitutes their
proper utilization in several modes of transport, including airplanes. In general, any
CRS that meets the performance standards defined by FMVSS-213 may be used in
aircraft.

Federal Aviation Administration 1-3 May 1995
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1.1.2 CRS Structural Environment Regulations

In the 1980s, the FAA began a separate regulatory activity aimed at improving
the performance criteria for aircraft passenger and crew seats. By 1988, the FAA
adopted regulations defining performance standards for assessing egcupant protection
from crash injuries as well as the structural performance of the seat and restraint (that
is, lap belt) system. These regutations specify dynamic horizontal and vertical impact
test conditions and pass-fail criteria.

- . Foweet, aitetall seat performance regulations focus only on noninfant occupant
injury protection. Current regulations do not stiguisde requirements for aircraft seats to
accommodate CRSs, or for aircraft passenger seat performance testing to assess injury

protection for occupants secured in CRSs instailed in these seats.

1.2  HISTORY OF AIRCRAFT ACCIDENTS INVOLVING INFANTS

In evaluating the safety of infants traveling by air, the size of the population at
risk and the extent of the risk must be addressed. Therefore, the FAA identified aircraft
accidents and incidents involving infants from 1978 to the present. FAA
representatives met with representatives of the National Transportation Safety Board
(NTSB} and analyzed those accidents involving infant fatalities and injuries to reach
consensus on injury and fatality statistics appropriate for this study.  Exhibit 1-1
summarizes the FAA and NTSB findings. The accidents include those that occurred
during regularly scheduled air carrier service under FAR parts 121 and 135.

EXHIBIT 1-1
fnfant Fatalities and Injuries Sustained in Survivable Air Carrier Incidents
(1978 to 1994)

e ltem o Number Sustained ‘Det

Fatalities 5 , 5

Maijor injuries 4 5
_Minor injuries

11.013.84-38

Source: FAA and NTSB

Based on this data set, infants have a greater risk of sustaining fatalities than
adults (actual fatality rates are presented in Section 2.2.2), but have a lower risk of
sustaining injuries. The results do not recognize survivable accidents in which an infant
was involved but was not hurt. Because incidents involving infants in such accidents
were not recorded, they could not be included in the review. Also, the analysis did not
include any incidents involving parts 121 or 135 accidents occurring outside the United
States, part 129 foreign air carriers, or nonsurvivable accidents. Finally, these data are
historical; past incidents are not necessarily a precursor for the future.

Federal Aviation Administration 1-4 May 71995
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1.3 RESULTS OF PREVIOUS STUDIES ON CRSs

The sections below briefly describe previous studies on the impact of CRS use in
the aviation environment.

1.3.1 An Impact Analysis of Requiring Child Safety Seats in Air Transportation
Apogee Research Inc., 1990

In 1990, the FAA contracted Apogee Research to analyze the impact of requiring
CRSs for infants traveling by air [Apogee 1990]. This analysis examined the potential
safety consequences of mandatory CRS use on air carrier aircraft and the economic
costs to air carriers and families with children under two years of age. Family travel
behavior was considered under several scenarios that included short and long trips,
hotelbased travel, and visits with relatives. The analysis reached the following
conclusions under the scenario where infarve wae charged full fare:

. Costs would increase at an average of $185 per trip for families continuing to
fly with infants.

. Families would experience an increased average annual cost of $252 million
and air carriers would gain $119 million annually in revenues.

= The higher cost of air travei could cause approximately 17 percent of families
that would have flown to either divert to other modes of trave! or forego travel.

. The expected number of fatalities for infants traveling by air would decrease
(0.4 infant deaths would be prevented in the first year after the requlation was
implemented). However, the expected number of infant and noninfant family
member fatalities would increase overall as some families chose to travel by
automobile (there would be 2.0 additional deaths due to diversion o
automobile travel in the first year after the regulation was implemented).

. The expected number of adult and infant injuries would increase significantly.
For example, in the first year after the regulation was implemented, the
number of net serious injuries (the difference between the change in air and
the change in automobile injuries) would increase by 4.8 and the number of
net minor injuries by 217.6.

Federal Aviation Administration 1-5 May 7995
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The foliowing assumptions were incorporated into the Apogee analysis:
¢ Infants make up about 1 percent of all commercial enplanements.

* Parents who are charged for their infants in airline seats using CRSs incur -
the same costs as for children between the ages of 2 and 12, who were
assumed to be charged two-thirds of an adult fare.

° The cost of foregone travel or of fatalities from increased tocal, or stay-at-
home, travel for diverted trips was not included.

1.3.2 Analysis of Options for Child Safety Seat Use in Air Transportation
Apogee Research Inc., 1993 ‘

In 1993, the FAA contracted Apogee Research to update their 1990 impact
analysis [Apogee 1993]. The FAA also asked Apogee to enhance the anailysis by
considering a number of alternatives to mandatory CRS use. To consider such
alternatives, Apogee examined five scenarios, each of which made varying
assumptions concerning the cost of infant tickets to families as well as who was
responsible for purchasing CRSs—airlines or families. Also, one scenario incorporated
costs associated with reprogramming airline reservation systems to accommodate the
need for advance CRS reservations and restrictions on CRS seat placement.

Conclusions of the 1993 analysis were as follows:

* Mandatory CRS implementation would increase the total number of fatalities

and injuries and also increase costs to the traveling public. Fatality and injury
increases result from the diversion of families from air to automobile trave!.

* The cost of mandatory CRS implementation on the traveling public would be
significant; however, fare discounts by air carriers could discourage trip
diversions and reduce net fatalities.

* Requiring air carriers to hold the seat adjacent to a traveling parent or
guardian—unless the plane is full—rather than mandating CRS use, would
realize 95 percent of the safety gains at very low system costs, that is, the
cost to reprogram reservation systems.

Because of different assumptions made in this study, no direct comparison of
fatalities, injuries, or cost estimates is possibie between this and the 1990 study.
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1.3.3 Mandatory Child Safety Seats in Air Transportation: Do They Save Lives?
University of Maryland, 1990

A study was conducted at the University of Maryland in 1990 [Windle and
Dresner]. The assumptions made in performing that study were generally similar to
those in the first Apogee analysis. Although the final results differed to a certain extent,
the overall conclusion was consistent with the Apogee results: mandating CRSs for
infants traveling by air would increase the total number of fatalities because of
passenger diversion from air to automobile travel, which has higher fatality rates.

1.3.4 Ending the Free Airplane Rides of Infants: A Myopic Method of Saving
Lives Cafo Institute, 1990

A study conducted by McKenzie and Lee was published as a Cato Institute
briefing paper (No. 11, August 1990}. Their study concluded that a child restraint
mandate that resulted in increased family air travel costs could endanger more children
than it would save if the increased cost of air carrier travel put more families on the
highways. They did not suggest the amount air carriers would ctizrge nor did they show
the elasticity of demand. Their research showed that if one-third of all families who
chose not to fly at higher fares diverted to automobile travel, they would drive an
additional 185 million miles each year. This increase could translate into more than 175
disabling injuries and almost 5 additional highway deaths each year.

1.3.5 FAA Civil Aeromedical institute Study

In 1994, the FAA Civil Aeromedical Institute (CAMI) evaluated the performance,
or “efficacy,” of portable CRSs and standard passenger seat lap belts in restraining
child anthropomorphic test dummies (ATDs) during dynamic impact testing. The testing
program, conducted at CAMI facilities in Oklahoma City, examined four portable CRS
types currently certified for use in aircraft — booster seats, forward-facing carriers, aft-
facing carriers, and harness restraints. Belly belts, which were made impermissible by
the aforementioned 1992 amendments to the FARs, were also tested. As a result of
this evaluation, CAMI concluded that the performance of aft-facing carriers (designed
for children under 20 pounds) in dynamic testing was satisfactory. CAMI test results
revealed that the performance of lap belts in restraining a representative three-year-old
child ATD provided mixed results: both of the tests designed to measure HIC (head
injury criteria) resulted in head strikes by the ATD against the front of the passenger
seat it occupied, and one head strike was above acceptable HIC mandated for new
airplanes. Further, only two out of eight forward-facing carriers tested without anchor
point modification met acceptable HIC limits. The performance of booster seats,
harmesses, and belly belts was unsatisfactory. Specific conclusions by type of CRS are
detailed in Chapter 3. The CAMI report is provided in Appendix F.

14 CURRENT AIR CARRIER PRACTICES REGARDING CRSs

Current regulations do not require that infants traveling by air be restrained in a
CRS. However, some parents traveling with infants bring their own CRSs on board. if
the flight crew confirms that the CRS meets the requirements of FMVSS-213 (see
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Section 1.1.1) is not broken, and is capable of being properly secured to the aircraft
passenger seat, the parents may use it as long as the child.dees not exceed the
specified weight limit for the restraint system. Sometimes, an air garrier's policy allows
parents who have not purchased a seat for their infants to use an empty seat at no
cost; however, this option is available only whess tve airplane has spare seating. When
parents choose not to pay-for infant tickets and if no seats are avaitable, parents must
seat infants in their laps, and the CRS is typically placed in the awplane’s baggage
compartment.

One area this study examined was the costs associated with & CRS requirement.
What the costs will be and who will bear them depend mainly on air carrier pricing
practices. Based on conversations with the Air Transport Association (ATA) and on
statements by air carrier representatives, it appears that air carriers generally do not
discriminate in pricing between adults and children under the age of 12. Fares charged
for reserved seats occupied by children are the same as adult fares. However, air
carriers sometimes offer discounts for children under the age of 12, in conjunction with
special promotions or during periods of low travel demand. Nonetheless, the specific
pricing policies that air carriers will adopt for infants if CRSs are required are not known.
However, the air carriers made two points. The first is that they want the option to
charge infant fares; the second is that market forces will play a strong role in
determining what, if any, charges are made. -

1.5 REPORT ORGANIZATION

The report is organized in two volumes. Volume | contains Chapters 1 through
8. Chapter 1 introduces the background of the study. It includes the Congressional
request for the study, past and present regulations, history of aircraft accidents
involving infants, results of previous FAA studies, and current air carrier pricing
practices. Chapter 2 describes the methodology followed in conducting the study.
Chapters 3 through 7 respond to each of the questions contained in the Congressional
request for the study. Specifically, Chapter 3 presents the study’s findings on CRS
efficacy. Chapters 4 through 7 present the study’s findings on the impact a CRS
requirement will have on air carrier passenger volume, family travel cost, fatalities and
injuries, and air carrier costs, respectively. Chapter 8 summarizes the major findings of
the study. -

Volume II contains eight appendices that provide supplementary information.
Appendix A lists acronyms used in the report; Appendix B describes expert panel!
discussions held to collect information at the inception of the study; Appendix C
contains the FAA Federal Register notice and submitted responses; Appendix D
presents survey data related to CRS recurring and nonrecurring costs; Appendix E
contains historical air carrier and automobile safety data; Appendix F contains the CAMI
study report; Appendix G reviews the technical literature used to develop estimates for
the price elasticity of demand values and the analytical method that implements them:
and Appendix H lists key data sources and technical journals reviewed to support this
study.
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2. STUDY METHODOLOGY

In conducting the CRS study, a combination of qualitative and guantitative
approaches were used to obtain data and estimate economic and safety impacts.
Material was gathered and reviewed by numerous individuals and entities. The
Department's study team consisted primarily of staff from the Office of Aviation Policy,
Plans, and Management Analysis; Office of Aviation Medicine; Aircraft Certification
Service; and Flight Standards Service. The team was assisted by a contractor, Booz,
Allen and Hamilton, Inc., who provided technical and computer modeling support.

21  QUALITATIVE APPROACHES FOR INFORMATION GATHERING

To ensure this study incorporates the most current information available, the
following qualitative approaches were used to collect data:

¢ [Panel discussions :
» Federal Register notice solicitation of public comments
« Literature review.

The information gathered through these methods forms the foundation for this
study. Further details regarding each method of inquiry are provided below.

2.1.1 Panel Discussions

The FAA conducted discussions with panels of experts on issues related to CRS
regulation for three purposes:

= To provide relevant information
= To determine other sources of relevant information

= To check the validity of assumptions that would be incorporated into the
analysis.

Participants in these discussions included representatives from the air carriers,
the CRS industry, academic institutions, professional associations, advocacy groups,
and government agencies. Panel sessions on the following five subject areas were
conducted in the Washington, D.C., area:

= Infant and adult mortality rates for air and automobite travel

* Price elasticity of demand and forecasts for air and automobile travel
« The efficacy of child restraint systems

= Air carrier operational issues

* Air carrier costs and potential pricing issues.

Before the panel meetings, panel members received background information
that included reports from three previous studies [Apogee 1990 and 1993; Windle and
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Dresner]; information regarding survivable aviation accidents involving infants; results ¢
a literature search on price elasticities of demand: internally derived estimates of the
number of infant passengers on airplanes; and estimates of distances families would
typically consider driving instead of traveling by air.

In each panel session, the assumptions and results of previous studies were firs
summarized to provide a baseline for discussion. Panelists presented their ideas or
opinions regarding each assumption or result. The panel facilitator did not attempt to
reach a consensus—only to obtain all the opinions of the expert panelists on each topic
covered. In the time allotted, the facilitator encouraged further discussion and
elaboration of ideas presented by panelists. The panel discussions are summarized as
follows:

* Mortality rate panelists reviewed the assumptions used by previous studies
to estimate mortality rates for air and automobile travel, discussed
methodologies for improving the estimates, and provided guidance for
obtaining the most current sources of applicable data. A common theme of
the session was that even though mortality rates for automobiles are
decreasing annually, they are still many times higher than aviation mortality
rates.

* Price elasticity panelists considered the values of the elasticity parameters
used in previous studies and the methods to improve these parameter
values. Specifically, they discussed the magnitudes of the elasticities in
terms of passenger segmentation by trip purpose, trip length, and passenger
income. In general, many participants believed that demand for air travel is
elastic and may be more elastic than previously thought.

* Efficacy panelists focused on the resuits of the recent CAMI CRS testing.
Those resulfs and their implications were the basis for further discussion.
Suggestions to enhance safety through potential CRS and airplane seat
modifications were also presented. In summary, aft-facing CRSs performed
the best in testing; other CRSs generally performed poorly.

* Operational issues panelists discussed the potential impacts of mandatory
CRS use on air carriers. Main topics were the impact to air carrier
reservation systems; the additional training requirements for gate agents,
flight attendants, and maintenance personnel; and the need o educate the
public regarding changes to air carrier policies and procedures. The main
theme of the discussion was that mandating CRSs could significantly impact
operations. Air carriers requested that these impacts be minimized.

-+ Costimpact panelists discussed the same topics as the operational issues
panel, but examined those issues in terms of the financial burden that a CRS
mandate might place on air carriers. Major cost impacts would result from
retrofitting aircraft to incorporate the alternate anchor points and modifying
the reservation systems.
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Appendix B contains a description of each session, including the agenda, a list of
participants, and a summary of the discussions. :

2.1.2 Federal Register Notice

The FAA also solicited public comments regarding child restraint systems by
publishing a Notice of Study and Request for Comments in the Federal Register (59
Fed. Reg. 53768) on October 26, 1994. This publication established Docket 27941 at
the FAA. The docket was officially closed on Movember 11, 1994. The notice posed
the following four questions.

. What cost might air carriers incur if the use of CRSs were required by
regulation?

. For afamily traveling with infants, what is the price elasticity of demand for air
travel?

. What are the profiles of families who drive with infants? What are the profiles
of families who fly with infants? '

. What are the infant and adult mortality rates for air travel, automohbile travel,
and other modes of transportation?

The FAA received four comments. Each of the comments stated that an infant
restrained by a CRS would be safer than a lap-held infant. Comments differed in their
recommended approaches for developing effective CRSs for aviation use. For
example, one respondent recommended developing a new CRS around the current
airplane seat configuration; another recommended modifying both the CRS and the
airplane seat to maximize the potential safety benefits. However, none of the
comments specifically addressed any of the four questions published in the Federal
Register. (See Appendix G for a reprint of the Federal Register notice and comments
received.)

2.1.3 Literature Review

The time schedule established by Congress for this study precluded conducting
“original research to develop the values of price elasticity estimates, the average number
of people traveling as a family, mortality rates for all transportation modes, the mode
choice distribution of diverted passengers, and the probability that an infant could
displace a full fare passenger. Therefore, the FAA conducted a thorough external
literature search to gather the most current and reliable information available for the
topics listed below. In total, over 50 data sources and technical journals were obtained
from various university on-line databases, government libraries, and transportation
association publications. (See Appendix H for a complete reference bibliography.)

. Price elasticity of demand for different types of air travelers. Many
studies on price elasticities of demand segment air travelers either by trip
distance, trip purpose, or passenger income levels. For air travelers in
general, a wide range of price elasticity estimates were published. Appendix
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G reviews the price elasticity literature; Section 2.2.2 discusses the process
used to determine the estimates for the analysis. Generally, price elasticity
estimates for business travelers are less elastic than for nonbusiness
travelers; estimates for high-income passengers are less elastic than for low-
income passengers; and estimates for travelers taking long frips are less
elastic than for travelers taking short trips. However, none of the research
identified price elasticity values specific to family travel units (FTUs)—families
traveling by air with infants. Therefore, the price elasticity relationships
described above were used to estimate the price elasticities for FTUs.

° The number of people in a family travel unit. The U.S. Census Bureau
presents data on the number of families by income class, with children under
the age of 18, and with children under the age of 6; the number of married-
couple families; and the number of children in the U S. by age. The size of
the average family, including the number of infants in different income levels,
was not directly available. Survey results from the U S. Travel Data Center
provide data on travel party sizes of different incomes taking trips of different
lengths. The data from these sources were used to determine the number of
passengers in an average FTU.

* Injury and fatality rates for all transportation modes. Extensive historical
data regarding airplane and automobile accidents and casualties were
obtained from NTSB and NHTSA. These data were used to develop casualty
rates for air and automobile travel. The limited historical information available
for buses and trains were used to develop casualty rates for these alternative
transportation modes.

* Transportation mode choice for diverted passengers. The literature
provided values for the proportions of travelers who, once diverted from air
travel, would either use another mode of transportation or would forego their
trips. U.S. Travel Data Center survey results were then used to distribute the
diverted travelers among automobile, bus, and rail travel.

* The probability of passenger displacement (“bumping”). Several studies
focused on situations in which high air carrier load factors resuited in high
passenger spill rates. These spill rates, also termed “bumping,” were used in
the analysis to predict the number of full fare passengers who might be
bumped by infants occupying airplane seats.

The detailed analyses used to develop these parameter values are described in
Section 2.2.2.
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2.2 QUANTITATIVE APPROACH FOR THE BENEFIT/COST ANALYSIS

Estimates of the costs and benefits under different sets of assumptions were
produced to determine which sets of assumptions have the least adverse economic and
safety impact. The estimates were based on the following premises:

« If the FAA mandates use of CRSs, then associated costs may be incurred.
Air carriers, FTUs, and non-FTUs (all air passengers who are not FTUs)
could separately or collectively absorb the additional cost.

« From the air carrier standpoint, a higher cost could result in a lower profit.
Also, if airplane seats were reserved for infants at reduced prices, air carriers
could suffer reduced revenues when infants displace passengers paying a
higher fare. Air carriers may decide to charge higher fares as a way to pass
costs on to air travelers.

« If higher ticket prices were charged to air travelers, some air travelers would
divert to other transportation modes or may decide to forego travel.

o If air travelers divert to other modes of transportation, those passengers
would be subject to the higher fatality and injury rates inherent in other
transportation modes. The occurrence of accidents when diverted air
passengers travel by other transportation modes may offset the increase in
aviation safety resulting from mandated use of CRSs.

2.2.1 Structure of the Analysis

The analysis considered the cost and safety impacts for seven feasible
scenarios concerning use of CRSs in aircraft of major and commuter air carriers. The
analysis estimates safety benefits in terms of fatalities and injuries prevented by use of
CRSs. Passengers and air carriers may experience cost increases if CRS use is
mandated. The analysis consists of two major modules, the Economic Module and the
Safety Module, as summarized in Exhibit 2-1. A discussion of each module follows.
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EXHIBIT 2-1 _
Child Restraint System Benefit/Cost Analysis
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s Net Change in Major
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B
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Operation A Tovel || Safety Impact on Air
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]
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- Economic Module. The Economic Module projects the impact of costs and
revenues on air carriers and the impact of costs on air travelers depicted in
Exhibit 2-2. Air travelers respond to price increases by reducing their air
travel (air passenger price elasticity). Decreased air travel affects the air
carrier revenue stream. Major outputs of this module are the economic
impacts to air carriers, the cost impacts to air travelers, and the number of
diverted passengers resuiting from decreased air travel demand.
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EXHIBIT 2.2
CRS Economic Impact Module
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Air carrier cost increases can be categorized as either recurring or
nonrecurring costs. Additional nonrecurring costs are for initially acquiring
CRSs and modifying the computer reservation systems. The additional
recurring costs are for maintaining the CRSs and updating the reservation
systems.

AIr carrier revenues may also be affected. The air carriers receive increased
revenue by charging for traveling infants. Also, air carriers could pass costs
on to all paying passengers, which would result in increased fares for
noninfants. In both cases, the impact of negative revenue may result from
passengers diverting from air travel because of air fare increases. In
addition, if infant tickets are offered either for free or at reduced fares, the
difference between the infant ticket price and the price of the ticket for the
noninfant passenger, who was displaced by the infant, is a loss in air carrier
revenue. '
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The net econornic impact to air carriers is the increased revenue from infant
ticket receipts and increased air fares caused by air camier pricing responses
minus the lost revenue, the recurring costs, and the nonrecurring costs.

Toaflocate costs properly, air passengers are segmented into two groups:
FTUs and non-FTUs. Higher air fares for noninfants could result for both
groups if air carriers choose to recover their costs by increasing air fares for
all passengers. However, the assumptions consider only the costs to FTUs—
infant ticket fares and the CRS purckese costs.

°- Safety Module. The Safety Module calculates the number of infant fatalities
and injuries that CRS use on airplanes could prevent. The module also
distributes the diverted passengers across several transportation modes,
including the category of foregone travel. Based on fatality and injury rates
retated to the different transportation modes and on the volume of traffic
using each mode, the number of infant and noninfant fatalities and injuries
are calculated using differential fatality rates. Finally, the analysis combines
the number of infant fatalities and injuries prevented in the air with the total
number of additional fatalities and injuries resulting from traveling by other
modes of transportation to produce the net fatality and injury impacts. Exhibit
2-3illustrates the safety impacts captured by the Safety Module.
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EXHIBIT 2-3
CRS Safety Impact Module
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The analysis was developed to quantify economic and safety impacts under the
following seven scenarios. These scenarios reflect a range of possibilities for sharing
the CRS and infant ticket costs between the air carriers and the passengers.

« Scenario 1—the baseline case (no CRS mandate). The adult
accompanying the infant may either hold the infant on his or her lap—the
infant travels at no cost—or may purchase a ticket so the infant can occupy a
separate seat. An infant may also be placed in a vacant adjacent seat at no
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cost if that seat is available. Scenario 1 provides a benchmark against which
the other scenarios dreeompared.

« Scenario 2—the air carrier provides a separate seat for the infant at no
cost; the FTU provides the CRS. The seat is guaranteed for the infant and
will not be sold to a full fare eustomer. A smali percentage of full fare
passengers will be bumped from flights that are filled. Some of those
bumped passengers will forego traveling. The family brings its own CRS,
which it most likely purchased for automobile travel.

*  Scenario 3—the air carrier provides a separate seat for the infant at no
cost; the air carrier provides the CRS. This scenario differsseem Scenario
2 in that the air carrier provides the CRS for the infant’s use instead of the
FTU bringing its own.

*  Scenario 4—the FTU reserves a separate seat for the infant-at no cost
oh a space available basis; the FTU provides the CRE. A family member
can reserve an adjacent airplane seat for an infant’s use on a space available
basis. The air carrier reservation system will block that adjacent seat until the
airplane becomes completely booked. At that time, the air carrier selis the
infant's seat to the next full fare passenger and the infant travels on its
guardian's lap. The family brings its own CRS, which it most likely purchased
for automobile fravel. '

- Scenario 5—the FTU pays the full fare for an infant ticket; the air carrier
provides the CRS. This scenario is the first that requires the family to
purchase a ticket for the infant at the noninfant ticket price to reserve the seat
in which the CRS will be placed. The airline provides the CRS, which the
infant will use for the duration of the flight.

+  Scenaric 6—the FTU pays the full fare for an infant ticket; the FTU
provides the CRS. This scenario differs from Scenario 5 in that the FTU
brings its own CRS, which it most likely purchased for automobile travei.

- Scenario 7—the FTU pays a percentage of the full fare for an infant
ticket; the FTU provides the CRS. This scenario provides three possible
infant ticket cost sharing plans in which the FTU and the air carrier share the

- infant travel cost. That is, the infant air fare is a fraction of the noninfant fare.
These cost share values represent possible strategies that air carriers might
use to defray the cost of the seat the infant will occupy without requiring the
family to pay the full fare for the infant. The family brings its own CRS, which
it most likely purchased for automobile travel.

For each scenario, the default pricing response is zero; air carriers absorb all
costs. It is not known if air carriers would choose to pass costs on to all passengers.
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2.2.2 Key Input Parameters

In this analysis, certain key parameters significantly affect the results. The nine
key parameters, their descriptions, and the methodology used to determine their values
are as follows:

. Price elasticity of demand for air passengers. The price elasticity of
demand for air travel is a measure of air travelers’ response to variations in
the cost of air travel. This parameter measures the percentage change in air
passenger departures resulting from a one percent change in air carrier ticket
prices. Price elasticity values are negative because, in general, price and
quantity demanded are inversely proportional—in this instance, if the air fare
increases, the demand for air travel will decrease (all other factors remaining
constant).

For this analysis, a two-step approach was used to determine the appropriate
price elasticities of demand. First, the FAA sought opinions from a panel of
experts on the price elasticity of demand—with respect to ticket price—for air
travelers. Appendix B summarizes the main points of discussion. Generally,
different passenger groups exhibit different responses to air fare increases.
The three categories that were discussed for segmenting passengers are:

— Trip purpose (business and nonbusiness)
— Trip distance (long distance and short distance)
~ Passenger income (high income and low income}.

~ Although panelist opinions varied on the price elasticity estimates and ranges
of estimates for each passenger group, some general relationships were
identified. For example, panelists stated that nonbusiness travelers generally
exhibit a more elastic response to changes in ticket prices than business
passengers. Also, the panelists agreed that travelers taking short frips exhibit
a more elastic respanse to air fare changes than passengers taking long
trips. Finally, the panelists stated that low-income passengers show a more
elastic responise te.ait fare changes than higher-income passengers.

Panelists also stated that air fare price elasticity estimates should be in the
elastic range (less than -1.0), and that, over time, air travelers may have
become more sensitive to air fare increases than was previously thought.
One panelist suggested this change may be a result of passengers’ trained
expectations of periodic fare wars, prompting them to wait for discounted
fares before purchasing tickets.

The panet discussion provided information on the types of passenger
segmentations to consider and on the #elative differences between the
demand elasticities for each group. The panel discussion was also useful
because no published studies classified air travelers into the groups this
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study addressed. Based on the panel information, the FAA decided that
elasticity estimates were needed for the following eight categories of air
travelers: '

— Nonbusiness traveler

Short distance trip
- Low-income traveler’
- High-income traveler

Long distance trip
-- Low-income traveler
- High-income traveler

— Business traveler

Short distance trip
—  Low-income traveler
— High-income traveler

Long distance trip
- Low-income traveler
- High-income traveler

For the purposes of this study, only the price elasticity estimates for
nonbusiness travelers will be discussed in detail because only FTUs, which
are a subset of the nonbusiness travelers, are assumed to be affected by
increases in infant ticket prices in this analysis. Appendix G includes a
description of the business traveler price elasticity estimates.

The second step was to obtain reasonable elasticity estimates for each of the
above individual passenger groups. Two options were considered in
completing this task. First, primary research could be conducted to obtain the
appropriate elasticity estimates for each of the eight segmentations identified.
This approach was not considered feasible because of the time constraints
imposed on this study.

The next option, and the one selected for completing this work, was to review
the existing literature describing the price sensitivity of U.S. air travelers to
variations in air fares. The approach used to estimate the price elasticities
used in this study was based on the literature review and panel discussions.
The four price elasticity estimates shown in Exhibit 2-5 are those used in this
analysis. The average, weighted by percentage of FTUs in each passenger

1 passengers are grouped by income levels to differentiate between their price sensitivities. This grouping is not
to be confused with income elasticities, in which consumers’ incomes are changed (with all other variables held
constant) and their behaviorat responses to those changes are measured.
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category, is -1.6. However, the four specific price elasticity estimates—not
their weighted average—were used in all calculations.

The four estimates range from -1.3 to -2.3, depending on the passenger
group. The spectrum of price elasticities used to develop the estimates for
this analysis came from the studies summarized in Appendix G. Key findings
from this literature review are:

— Ten studies of the U.S./North American air travel market were used as the
starting point for determining price elasticity estimates for the traveler
groups.

_  Of these ten studies, seven segmented air travelers by trip purpose; three
segmented them by distance; and one segmented them by income level.
One of the studies did not segment the travelers. (The number of studies
does not total to ten because one study segmented travelers into all three
groups and is counted three times.)

_  Price elasticity values ranged from -0.6 to -4.5 for different types of
passengers. This wide range of estimates is based on differing
assumptions, time periods, and data.

Of the ten studies on air fare price elasticities, seven did not apply to this
study for several reasons—either they focused on narrow, niche markets;
they did not specify passenger groupings; or the panelists believed the study
results may not have been applicable. Also, many of the studies were
relatively old—five of them were based on prederegulation data—and their
elasticity estimates may be understated if the price elasticities of air travelers
truly have been increasing over time. The three remaining studies provided
information to develop price elasticity estimates for the four nonbusiness
travel groups. None of the studies provided elasticity estimates specific to
families or families traveling with infants. Appendix G describes the ten
studies and the rationale for using or not using each study in this analysis.

The price elasticity estimates presented by these studies are point
elasticities. These point elasticities, by definition, prevail only for particular
points on the demand curve. Thus, these elasticity estimates can only be
used to accurately estimate quantity changes for small changes in air fares.
To estimate changes in demand for large increases in air fare experienced by
FTUs under specific scenarios, specific assumptions were made on how
elasticity values change over the price range of interest. This study assumes
linear demand curves, which imply a greater elasticity as the price increases.
This is consistent with views expressed in the panel discussions and is
believed to be more realistic than one of constant elasticity because of the
large changes in price considered in this study.?2 Separate curves were

2The FAA soes not believe that the price elasticity of demand for air travel by FTUs is constant throughout
the possible range of prices. A priori, it seems more reasonable that the price elasticity of demand varies over the
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calculated for each of the 10 years included in this study—these curves
having the elasticities discussed in this chapter at the point of forecast
demand.

The following table summarizes the applicable price elasticity studies and the
associated price elasticity estimates. :

EXHIBIT 2-4
Applicable Price Elasticity of Demand Studies

Authorand. Focus of 'S‘tudy
Article -

Oum, Gillen, &

Noble, "Demands ... | Economy, standard -1.23t0-1.36
in Airline Markets," Economy, discount -1.50 o -1.98
1986. ‘ '
Abrahams, "... Mode! | Florida vacation city-pairs -1.98

of Air Travel Hawaiian-West Coast city-pairs -1.68
Demand," 1983. Eastern medium-haul city-pairs -1.22
Straszheim, "Airline Economy, peak period -1.92
Demand Functions ... | Economy, average -1.48
Pricing Implications," | Economy, standard -1.12
1978. Economy, promotional 274

Economy, high discount -1.82

It was not possible to assign price elasticity values from the literature directly
to the specific passenger segmentation groups identified for this study.
Therefore, the FAA used its professional judgment to determine which price
elasticity values listed in Exhibit 2-4 applied to this analysis. First,
nonbusiness air traveler groups were ranked from the highest to the lowest
price elasticity magnitudes as follows:

possible range of prices -- more elastic at high fares, less elastic at low fares. -This is characteristic of a linear
demand function. Previous studies of the demand for air transporiation which specified a constant price elasticity
within a given market segment, estimated a wide range of elasticity values. This suggests that elasticity is not
constant over the range of possible prices and may therefore be more appropriaiely represented by a linear function.

Norn-linear, constant price elasticity of demand curves are, a priori, not considered realistic models of
consumer behavior at the extrema of possible prices (the curve is a hyperbola, asymptotic to both axes). Such
funciions suggest that there will always be a consumer no matter how high the price and that at some low price,
consumers will buy an infinite amount of a product or service. An assumption of constant price elasticity demand
functions by economists is probably caused more by convenience in calculations rather than the aceuracy of
partraying consumer behavior.
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_  Low-income traveler taking a short trip
_  Low-income traveler taking a long trip

— High-income traveler taking a short trip
— High-income traveler taking a long trip

The most price-sensitive nonbusiness passenger (low-income, short trip)
probably would purchase tickets at high discount or promotional economy
fares. One study provided a high discount economy price elasticity of -1.82
and a promotional economy price elasticity of -2.74 [Straszheim]. The
average of these two values, 2.3 was the value assigned to this type of
passenger.

The second most price-sensitive nonbusiness passenger (low-income, long
trip) probably. would purchase tickets at discount economy fares. Oum,
Gillen, and Noble found that the price elasticity for discount economy .
travelers was between -1.50 and .1.98. Also, Abrahams found that the pric':'ef'“j
elasticity was -1.98 for Florida vacation, city-pairs. This estimate was
assumed to apply to these travelers because Florida is a popular vacation
destination for many families, and it represents a trip length of over 500 miles
from most major U.S. metropolitan locations. The average of these three
values is -1.8 and was assigned to this type of passenger.

The next most price-sensitive nonbusiness travelers (high-income, short trip)
probably would travel at somewhat more costly economy rates because of
their higher income—average economy fares or during peak periods because
of their higher income. Straszheim provided an average economy price
elasticity of -1.48 and a peak period economy price elasticity of -1.92. The
average is -1.7 and was assigned to this type of passenger.

The least price-sensitive nonbusiness travelers (high-income, long trip)
probably would travel at the highest economy rates. Two studies provided
stardard economy price elasticities of -1.12 [Straszheim] and -1 .23 through -
1.36 [Oum, Gillen, and Noble]. Also, Abrahams provided a price elasticity of -
1 88 for Hawaiian-West Coast city-pairs, which was applicable because it
represented a long distance trip that might be dominated by higher income
travelers. Abrahams also calculated a price elasticity of -1.22 for eastern
medium-haul city-pairs, which was considered because most medium-haul
trips are more than 500 miles and this lower price elasticity is representative
of higher-income travelers. The average of these five values is -1.3 and was
assigned to this type of passenger. -

The price elasticity values used for FTU travelers used in this study are
summarized in Exhibit 2-5.
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EXHIBIT 2-8
Price Elasticity of Demand Estimates for FTU Travelers
and Percentage of FTU Enplanements

., o Annual Household a Anndal“ﬁiousa?hf“;
Travel’'Distance . Less Th : , o L
(One Way) Income Less Than Income Greater Tha
| $40,000 Equat To '$4={0;0_
-2.3 1T
Less than 500 miles (4.5% of FTU (4.4% of FTU
enplanements) enplanements}
-1.8 -1.3
Greater than or
equa| to 500 miles (48.4% of FTU (44.7% of FTU
enplanements) enplanements)

Source of price elasticity estimates: Oum, Gillen, an e;
Source of passenger percentages: U.S. Travel Data Center

The simple average of the four FTU price elasticity estimates is -1.8; the
weighted average is -1.6. Because the most price-sensitive passengers only
comprise 4.5 percent of FTU enplanements (0.5 percent of all
enplanements), the highest price elasticity value of -2.3 contributes very littie
to the FTU air traveler price sensitivity.

These estimates may be conservative because many of them are not based
on up-to-date data. If the panelists’ observations are correct that air fare
price elasticities have been increasing over time, then the actual price
elasticities could be greater than those listed above. These estimates were
developed from the best information available for the grouping of air travelers
identified as being most affected by changes in air fares.

The business traveler price elasticity values are approximately 50 percent of
the nonbusiness elasticity values, but those values were not used in this
study because fare increases are assumed to be limited to FTUs. Appendix
G describes the sources The business traveler price elasticity values are
approximately 50 percent of the used to determine this relationship and the
resulting business traveler price elasticity estimates.

The elasticity estimates used in this analysis assumes that the average FTU
size is 3.17 individuals including one infant (See following discussion).
However, in some situations, the price elasticity of demand of a small family
(e.g., one adult, one small child and one infant) may be much more inelastic
and therefore FTUs may be much less willing to divert to automobile
transportation than FTUs with older children.
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The analysis also assumes that FTUs will be equally willing to travel at any
time during the year and therefore the elasticity would only vary by distance
and FTU income. In some situations, FTUs with school age children and an
infant may only be able to travel during spring and Christmas break. The
parents would be unwilling to take their children out of school during other
times of the school year. Consequently, the price elasticity of demand for
airfare may be much less sensitive during school breaks and much more
elastic during other times of the year.

During Christmas, Thanksgiving, and certain other periods of the year , the
demand for passenger seats may exceed the supply. This situation suggests
that air carriers would be likely charge full adult fares for passenger seats for
use of a CRS. At other times of the year, it is assumed that air carrier
charges for infant travel would result in significant diversion to highway travel
with an associated increased risk of injuries and fatalities. However, during
holiday peaks, diversion may not be possible for many families; they would
instead forego travel, which would reduce the potential benefits of a
mandatory CRS requirement.

The distance break at 500 miles differentiating a short from a long trip
coincides roughly with the maximum driving distance a FTU might cover

.~ without the added cost in money and time for an overnight stop. Thus, if the
dollar cost of the short trip appears excessive to the FTU, the automobile
alternative is more feasible than for a long trip that would include the cost of a
night's meals and lodging as well as an extra day's driving. It is reasonable
that for long trips more than short trips FTUs electing not to fly because of the

" added fare would forego the trip entirely. Trip distance is thus to some extent
a surrogate for feasibility of an alternative mode.

Families traveling with infants constitute a small fraction of total air travelers,
so that general air travel price elasticity may not fully capture special
characteristics of families with infants. Families with school age children as
well as infants may be limited to traveling during school breaks like
Thanksgiving, Christmas, or Easter, and thus be unable to divert to more
time-consuming alternative modes. Similarly, where the FTU compaosition
might be a single adult with one or more small children, driving for extended
periods may be impractical. For either of these cases, the "short" trip break
point may be considerable less than 500 miles.

* The number of people in an FTU. This parameter is defined as a family
traveling by air on a nenbusiness trip, accompanied by at least one child
under two years of age. Data were not available to determine the average
size of a family with an infant. As an estimate, census data [U.S. Census
Bureau] were used to determine that the average size of a family in the
United States, with children under 18 years of age, was 3.17. That value was
used to estimate the average size of a family with one infant.
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To differentiate the FTU by income level, survey data [U.S. Travel Data
Center] that segmented air travel party sizes by income were used to develop
the percentage of high-income travel parties and low-income travel parties.
This relationship (51 percent low income and 49 percent high income) was
applied to the mean value of 3.17; the results of this analysis yielded the
parameter values listed in Exhibit 2-6.

EXHIBIT 2-6
Number of Air Passengers per FTU

Number of Air Paésengers by FTU Annuaﬁﬁ-iint‘@dm‘éi—

Less Than Gre*aifer.':’i"hanﬁf .
| $40,000 , Equal:to-r%@é@f@iﬁi .
Infants 1.00 1.00
Noninfants 242 299

Source: U.S. Travel Data Center 1993 Travel Market Report; U.S. Census Bureau: Families By Size and
Presence of Chiidren, 1993~ ‘

Number of Infant Enplanements. The estimate of infant enplanements was
derived from a combination of air carrier surveys and industry experience, as
discussed during the operational issues panel session; U.S. Travel Data
Center survey results; and a sampling of passengers at Washington National
Airport. Each survey was done independently and converged on infant
enplanements equaling approximately 1 percent of air passenger
enplanements. The 1994 FAA Aviation Forecast was used as the source of
data for enplanements from 1995 through 2004. Exhibit 2-7 displays these
enplanements and the subsequent 1 percent values used for infants.
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EXHIBIT 2-7
Enplanement Forecasis
Total L | infant
Enplanements E'npl"al@e_m;ents
{millioris) | (milions). .
1995 500.8 5.0
1996 520.3 52
1997 541.8 5.4
1998 563.3 56
1999 586.5 59
2000 606.2 6.1
2001 628.2 6.3
2002 650.0 8.5
2003 671.9 8.7
695.0

Source: FAA Aviation Forecasts 1994-2005

The independent surveys used to obtain the number of infant enplanements
were not comprehensive. The real number of infant enplanements may differ
significantly from the values used in this study. To improve the accuracy of
this parameter, either national surveys of air passengers must be conducted
or air carriers must report the numbers of enplaned infants per flight.

- Fatality and injury rates for all transportation modes. Current and
projected fatality and injury rates were developed for four modes of
transportation—airplane, automobile, bus, and rail. The rates used in this
‘analysis are for airplanes and automobiles (separately), and for bus and rall,
(combined). Both bus and rail are considerably safer than automobiles, but
current indications are that little diversion to these modes would occur. Thus,
no significant loss of accuracy is involved in combining them. These
parameters are defined as the number of infant and noninfant fatalities and
injuries per a measurement unit specific to the fransportation mode, as
described below. :

—  Aviation fatality and injury rates. The bases for these key parameters
were historical fatality and injury data. These parameters were computed
per flight operation (takeoffs and landings) rather than overall miles
traveled in accordance with the opinions of several aviation safety experts
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and academic studies [Pickrell, 1992; Sivak]. A threesiep process was
used to compute the probabilities of sustaining aviation fatalities and
injuries.

First, the probability of a flight operation resulting in a survivable accident?
and the probability of a passenger being in such an accident were
calculated from the NTSB'’s historical accident information (1978 to 1893)
and the FAA’s operations data. Accident data used are shown in Exhibit
2-8. Because lap-held infants were not required to be listed on passenger
manifests for most of the years covered by the NTSB data, these statistics
may not include all the infants actually involved.

EXHIBIT 2-8
Historical Aviation Casualty Data for Commercial Air Carriers {1978-1994)

Number of Numberaf |

“ Number of Fatalities ; :
] ' Major Injuries Minorinfurles. -
o @ﬁlr’lf&nt _ Infant, ‘Moninfant® | Infant -'N."?V“'“fén{ o "ﬁf??t?- .

110139413

Source: NTSB Database

Second, the conditional probability was determined for a passenger being
killed, given that a survivable accident occurred. Finally, the probability of
an infant being killed given the occurrence of a survivable accident was
computed. The infant enplanements as a fraction of total enplanements
(as independently determined by several air carriers) and the case-by-
case accident evaluations conducted by the NTSB and the FAA were
used to determine this probability (see Appendix E). Because this
evaluation determined that five of the nine infant fatalities might have
survived if they had used CRSs, it was possible to compute the probability
of infant fatalities both with and without any restraint device.

The same process was used to determine rates for major and minor
injuries, after accounting for the FAA and NTSB finding that, of the five
infants that would have survived by using CRSs, three would have
sustained major injuries; one would have sustained minor injuries; and
one would have recelved no injury. The probabilities of passengers being

3 Inthis study, the only aviation accidenis of interest are those involving fatalities and injuries. Neonsurvivable

accidents are not retevant because CRSs would not improve infant safety in those circumstances.
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killed or injured when converted to mortality rates per 10 million
enplanements are shown in Exhibit 2-9.

EXHIBIT 2-9
Rate of Passengers Sustaining Fatalities and Injuries
in Air Carrier Aircraft
(Per 10 Million Enplanements)

- Rate-of Infant Cagualtiés " -
- ‘Cagualty Type : B
: o - Without CRS . CWithCRS.
Fatality 1616 ‘ 0.718 1.480
Major Injury 1.571 1.178 2.360
Minor Injury 1.851 1.152 3.798

Source: Booz-Allen & Hamilton analysis of NTSB data from 1978-1994

Two aspects of this exhibit are noteworthy: The infant fatality rate
significantly decreases when the infant is secured in a CRS and the
fatality rate is greater than the major injury rate for an infant who is not
secured in a CRS.

it was conservatively assumed that these rates would remain unchanged
over the 10-year period considered. However, advances in aviation
technology may continue to improve air travel safety in the future.

~ Automobile fatality and injury rates. The bases for these key parameters
were historical fatality and injury rates per 100 million passenger miles,
which are the standard units of measurement used by the Federal
Highway Administration (FHWA), NHTSA, and other Government ]
agencies. NHTSA provided data for intercity travel over the last 73 years.
Unlike the aviation fatality and injury rates, these parameters did not have
to be derived for infants and noninfants because the NHTSA explicitly
keeps records of these statistics.

The extensive intercity traffic data show a steady decrease in automobile
fatality and injury rates over the 73-year period; a trend analysis was
performed to project these rates for the period 1995 through 2004 (see
Appendix E). Furthermore, the NHTSA also provided a methodology to
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seat belts.

-account for the increase in safety that CRSs provide to infants relative

EXHIBIT 2-10

Fatality and Injury Rates for Intercity Automobile Travel 1995
. (By Passenger Type)

Casualty Rates
{Per 100 Million Passenger Miles)

Passenger

Noninfant

Infant

Source: NHTSA

This study made no assumptions regardin
because of the advent of the

g a step-change in safety

air bag use in Cars—a phenomenon that Is
likely to Improve automobile safety further.

The automobije fatality and injury rates for infants used in this analysis
represent average infant €xperience rates without distinction as to

whether or not the infant was Properly carried in g CRS. That is, the rate
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same level of compliance as the general population. Thus, the use of
CRSs in automobiles would probably not improve with diversion of air
travel FTUs to automobiles.

— Bus fatality and injury rates. NHTSA alse provided bus fatality data for
intercity, 3-axle bus occupants for the period 1990 through 1993. The
fatalities were converted to a rate of fatalities per vehicle mile based on
operational data obtained from the Bureau of Transportation Statistics
1993 Annual Report. This rate was then expressed in terms of passenger
miles based on data from the 1993 Transit Passenger Vehicle Flest
Inventory Report, published by the American Public Trarsit Association
(APTA). The tus {afality rate per passenger mile sras-42 times lower than
the rate for automobiles. This ratio was then applied to the projected
automobile fatality and injury rates {o obtain projections for the bus mode.

— Train fatality and injury rates. The Association of American Railroads
provided train fatality rates. The train fatality rate was approximately
20 times lower than the bus fatality rate. The quantitative analysis
combines the bus and rail modes into a single category called "other.”
Because the bus fatality rate was significantly higher than the rail fatality
rate, the bus fatality rate was conservatively adopted for the "other”
transportation mode category. These rates are displayed in Exhibit 2-11.

EXHIBIT 2-11
Fatality and Injury Rates for Intercity Bus and Rail Travel

Casualty Rates
Passenger (Per 100 Wiillion Passenger Miles)
Fatality Major Injury Minor Injury
Infant and ‘ 0.010 0.019 0.477
Noninfant

Source: NHTSA, APTA

Mode choice disfribution. The mode choice is represented by distributing
diverted passengers into three categories—those continuing to travel by
automobile, by bus or rail, or those who forego travel completely. Bus and
rail are combined because the proportion of travelers choosing these modes
as primary transportation is very small (less than 4 percent) even after they
are combined [U.S. Travel Data Center]. It was assumed that the proportion
of travelers choosing these modes after diverting from air would be no greater
than 4 percent and that no improvement in analytical accuracy would be
gained by treating them as distinct categories.
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The mode choice distribution was determined through a two-step process.
The first step was to determine the proportion of the diverted passengers who
would continue their trip by other transportation modes and the proportion
who would forego traveling. One study [Directions] provided air travel modal
substitution indices for four distance categories. The average values of the
modal substitution indices were 0.72 for short distance trips and 0.22 for long
distance trips. For example, of the travelers who divert from short trips by air,
72 percent will continue their trip by an alternate transportation mode. The
other 28 percent would forego traveling.

The second step was to distribute the diverted passengers who continue to
travel by other transportation modes across those modes. The 1993 Travel
Market Survey4, conducted by the U.S. Trave!l Data Center, provided
proportions of passengers traveling by ground transportation. According to
this survey, 96 percent of passengers travel by automobile and 4% travel by
bus and rail. These percentages were applied to the diverted passengers
continuing their trips. For example, of the 72 percent of diverted traveters
continuing their trip by other modes, 96 percent of them continue their trip by
automobile (which is 69.1 percent of all diverted travelers). The resulting
mode choice distribution used in the analysis is depicted in Exhibit 2-12.

EXRHIBIT 2-12
Mode Choice Distribution
Modes of Transportation to Which
Air Passenger Air Passengers Divert Forego
Trip _Distance Traveling
(one way}
Automobile Bus and Rait
Less than 500 689.1% 2.9% 28.0%
Miles
Greater than or 21.1% 0.9% 78.0%
equal to 500

Directions: The Final Report of the Royal Commission on National Passenger Transportation,
1992: U.S. Trave! Center Data 1993 Travel Market Report

Source:

4

The Travel Market Survey is conducted annually. In the 1993 survey, more than 18,000 households were
contacted and more than 5,000 respanded.

| Federal Aviation Administration
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The above table shows that automobiles are the most common alternative to
air travel for diverted passengers planning trips less than 500 miles. Bus and
rail modes are seldom selected alternatives for any distance.

« Probability of passenger displacement (*bumping™). Placing infants in
CRSs occupying passenger seats, instead of holding them on laps, would
reduce the number of seats available for non-FTU passengers. In Scenarios
2 and 3 where all infants are placed in CRSs at no charge to FTUs, the
number of round trip seats avaitable for non-FTU passengers would be
reduced by 1,991,612 per year (the average number of annual FTU trips).
However, because most flights are not full, most of the potentially impacted
non-FTU travellers would be either accommodated on the same flight or on
an alternative flight. Thus, the impact on airline volume and revenue is
limited to "bumped" passengers who cannot be 80 accommodated.

A two-step approach was taken in this analysis to estimate bumped
passengers. The first step was to statistically estimate the number of non-
FTU passengers not accommodated on their first choice of flights by infants
occupying passenger seats. The second step was to assume that one
acceptable alternate flight was available, and then statistically estimate the
number that could not be accommodated on the second choice flight. The
residual unaccommodated passengers at the end of the second iteration was
adopted as the estimate of the number of "bumped" passengers in this study.

Using this approach, it was estimated that, over ten years, about 11,000 non-
FTU passenger round trips per year would divert from air transportation in
Scenarios 2 and 3. Proportionately fewer would be diverted in Scenarios 5
through 7C because of fewer infants occupying passenger seats.

The probability of non-FTU passengers not being able o be booked on a
given flight (spill) as a resuit of infants was estimated using a method
generally consistent with behavior described in prior studies of the _
phenomenon (Swan; Kraft et al; Brumelle, et al). The probability of spill was

- estimated from a function which defines probable demand relative to airplane
capacity.

The demand for air travel was assumed to be normally distributed, the mean
of which was the average load factor. The probability of demand exceeding
the capacity of an aircraft can be calculated based on this distribution.
Variations in the probability of excess demand can be calculated to reflect
changes in aircraft capacity. In turn, changes in aircraft capacity can be used
to simulate the effect of using an aircraft seat to accommodate a CRS for an
infant hitherto transported on the lap on an accompanying adult.

~ Federal Aviation Administration 2-25 May 1995




Chitd Resiraint System Study Report : Chapter 2

Thus, standard statistical technigues were used fo determine the fraction of
demand that cannot be accommodated because of a reduction in seat
capacity caused by CRS placement which increases the probability of spill.
FAA estimates that, under the existing case of infants being held on laps, as
many as 7.1 percent of potential air travelers may not book on a specific flight
and either book on an alternative flight or difert s ancther mode of travel or
cancel their trip. With the increased demand for passenger seats resulting
from all infants being provided seats for CRSs at no cost (Scenarios 2 and
3), the FAA believes this probability would rise. For purposes of this study,

- the new probability of spill was approximated to be 7.5 percent.

* Costs related to CRSs. These costs include acquiring CRSs and recurring
maintenance costs associated with them. In some of the analysis gcenarios,
the air carriers are required to procure CRSs for passenger use. Results of a
rental car company survey of CRS costs were used to estimate the
acquisition and maintenance costs of CRSs. Purchase and maimtenance
costs were averaged across the 20 locations surveyed. Appendix D contains
the data from that survey. The result was an average purchase cost of
approximately $50.00 per CRS8 and an average annual maintenance cost of
$17.50 per CRS. Both costs were incorporated into this analysis.

* Reservation system costs. This parameter consists of the costs required to
update the air carrier reservation systems to accommodate the additional
requirements of a CRS regulation. .During a panel meeting, participants
estimated that the initial cost to modify the air carrier reservation system to
accommodate potential CRS requirements could range from $125,000 to
$1 million per reservation system. For the United States air carrier industry, the
cost would range between $500,000 and $4 million. The upper end of the
range is used is this analysis to account for any other addltlonal non-recurring
costs that the FAA may not be aware.

Recurring costs for system maintenance, staff training, and additional time
needed to accommodate CRS requirements would also result.. For instance,
the panel participants discussed the recurring costs of making reservation
system modifications to accommaodate frequent updates because of air fare
changes. Other recurring costs would result from modifications to the
reservation systems to accomimodate aircraft seating configuration changes—
or the ability to handle equipment changes such as replacing a wide body with
a narrow body aircraft for a specific flight. Another significant recurring cost
would be caused by modifying the reservation systems to accommodate
booking CRS-specific seats across all air carrier reservation systems.
Currently, not all air carriers and travel agencies can determine which seats are
available on other air carriers because they do not have access to all the
carriers’ seat maps. Other potential recurring costs might include the added
time to make each reservation. For example, it will take additional time for
reservation agents to ask callers if they are traveling with an infant. For those
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passengers who are, it would take the reservation agent more time to confirm
that CRS-ready seats were available on specific flights.

In addition to modifying the reservation systems and the associated
maintenance costs, other recurring costs could result from training new
reservation agents, gate agents, flight crews, and maintenance pefeonnel to
handle the particular CRS requirements. '

To calculate an approximate reservation system recurring cost, a worst-case
assumption was that the annual system maintenance and medification cost
would equal the initial system cost of $4 million. This cost was divided by the
approximately 200 million reservations projected for 1995 to equal $0.02 per
reservation. The total number of reservations were used instead of only the
FTU reservations because the system would have to differentiate between all
passengers, determine if seats were available next to adults with infants, and
determine which aircraft seats could accommodate CRSs. For instance, CRSs
may be allowed in specific areas of aircraft, such as window seats only or in the
last rows of the aircraft. Each of these restrictions varies by aircraft type and
air carrier configuration. To capture other recurring costs, which are not known
at this time but were discussed above, the recurring cost was increased to
$0.03 per reservation. These methodologies for estimating costs and the
resulting dollar values were discussed with industry experts who concurred that
the estimates were reasonable.

FTU air fares. A four-step process was used to estimate FTU airfares. First,
the FAA assumed that all FTUs made round trips. The 1993 O&D Plus
compact disc, read-only memory (CD ROM) data base [Origin and Destination]
was used to determine the cost for one-way trips in two distance categories—
less than 500 miles and greater than or equal to 500 miles. The O&D Plus
data base is composed of 10 percent ticket sample data (recorded on Form 41)
for large air carriers and Form 298-C data from regional and commuter
operators. Data base queries for these two distance categories resulted in
average one-way ticket prices in 1993 of $88 for trips less than 500 miles and
$173 for trips greater than 500 miles. Second, the rate of constant doilar
domestic yield change, as forecasted by the FAA, was used to project the
ticket prices for the period from 1995 through 2004. Third, the FAA used a
ratio of approximately 2.5 to 1 to determine the difference between business
and nonbusiness ticket prices [Stephenson and Fox]. The results gave one-
way 1995 individual ticket prices of $54.78 ($109.56 round trip) for
nonbusiness trips less than 500 miles and $107.70 ($215.40 round trip) for
nonbusiness trips greater than or equal to 500 miles. Fourth, the round trip
estimates were then weighted by the percent of families taking short trips
(8.91 percent) and the percent of families taking long trips (91.1 percent),
yielding a weighted average 1995 air fare of $205.98. This procedure was
repeated for the years 1996 through 2004. The average air fare for the time
period from 1995 through 2004 was estimated at $201.46.
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23 STUDY ASSUMPTIONS AND LIMITATIONS

In the process of quantifying the economic and safety impacts to air passengers,
it was necessary to limit the scepe of the analysis. First, it was not pessibie to capture
all cost and safety input parameters in the time allotted for this analysis. For examplie,
no estimates were available for many potential costs to air carriers betsuse some of
the information required is confidential. Also, most information and data used for the
guantitative analysis were gathered from previous government and academic research.
Because researchers from different topic areas produced the information, it sometimes
had to be modified to fit the specific needs of this projest. Occasionally, the data and
information were incomplete and had to be extrapolated to meet the needs of this
study. Finally, some impacts were difficult to guantdy mathematically; therefore, they
~ were not included in the analysis, but they wili be discussed where appropriate. The
" “following assumptions and limitations must be considered in any interpretations of the
analysis results:. :

= Air trave! price elasticity values were determined from markets similar to the
ones modeled, but they may not be entirely representative of the average
U.S. market.

- The price elasticity of demand for FTUs is equal to the price elasticity of
demand for nonbusiness travelers. FTUs that divert from air travel do so as a
family unit; business and non-FTU nonbusiness travelers divert as individual
passengers.

Price elasticity estimates used in this analysis are point estimates. As such,
they can only be used to accurately estimate changes in demand for small
price increases. For larger price increases considered in this study, specific
assumptions must be made about the demand curve. This study assumes
linear demand curves, which imply greater elasticities as prices increase.

« The point elasticity estimates were used to derive the slope of the linear
curves and estimate the change in demand and revenue following increases
in air fares resulting from mandating CRS use. However, demand will
become more elastic as price increases (for a linear demand curve, the
elasticity value prior to the price increase will be different (less negative) than
the value after the price increase). For this reason, the elasticity estimates
used in this study should be thought of as “initial” elasticity estimates
reflecting the elasticity value at the starting point on the demand curve prior to
the increase in price.

. To more accurately estimate the number of infant enplanements, either
national surveys of air passengers must be conducted, or air carriers must
report the number of enplaned infants per flight.

Federal Aviation Administration 2-28 . May 1985
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The enhanced safety factors applied to CRS use are based on the
assumption that an effective CRS exists and would be used by infants in both
air and automobile transportation. At present, not all approved CRSs
performed well in testing. It is expected that these problems may be solved
in the future.

© All FTUs would use CRSs that they already own for the scenarios requiring
them to provide their own CRSs for air travel.

~ Several potential costs to air carriers were difficult to quantify and were not

- captured in this analysis. These costs include those associated with potential
- departure delays; increased logistics management costs: and the cost of

- training flight crews, gate agents, and reservation agents in new regulations
 and procedures pertaining to a CRS mandate.

To estimate economic impacts of the CRS mandate, air fare for children
between the ages of 2 and 12 was equal to the air fare for adults categorized
as nonbusiness travelers. However, the analysis has three scenarios in
which fractions of the noninfant ticket fare are used.,

+ No attempt was made to quantify costs of inconvenience to air travelers
- foregoing travel.

To determine fatality and injury impacts caused by diversion to other modes
of transportation, it was assumed that diverted passengers continued to travel
the same distance they had planned to travel by air.

Safety results do not ihclude fatalities and injuries for passengers who
decided to forego traveling.

Only incidents involving fatalities and injuries on U.S -based major and
-~ commuter air carriers oceurring within U.S. territory were considered in the
~development of the aviation mortality rates. '

_.:_-'Noninfant passengers, who were bumped by infants, diverted to other modes

- of transportation or decided to forego their trip in the same proportions as
“diverted FTUs.

‘Costs are discounted at 7 percent over 10 years.

Some FTUs currently pay for a passenger seat to ensure that their infants
_may fly next to them in a CRS. This analysis does not estimate the revenues
- that airlines would lose by giving away seats they currently sell to families
“with infants. If as many as 10 percent of FTUs currently do this at full fare
for their infants, airlines would experience a loss of about $40 million
(1,991,612 infants * $201.46 per round trip * 10 percent = $40.12 million)

—
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per year We have not included any estimate of this lost revenue in the
@ssociated with this study because there is insufficient data available
on the extent that FTUs are now paying for passenger seats.

* This analysis estimates the price elasticity of demand along demand curves
for four homogeneous groups of non business travelers. As discussed later,
the non-business travelers are divided by income and by travet'distance.

- Information on the price elasticity of demand characterized by month of year,
holiday season, school vacation, or high density routes were not available.
Families, therefore, who travel during school holidays probably exhibit much
more inelastic demand than typified in the analysis. This group of travelers,
traveling during holidays, may be much more willing to incur additional air fare
costs than they would at other times of the year.

= In every scenario, regardiess of whether FTUs pay for passenger seats, there
are some non pecuniary costs, such as inconvetiience, that have not been
captured. For example, in scenario 4, if all passenger seats are sold and
there are no cancellations, then passengers who bring infants have to stow
the CRSs they brought on board, either in an overhead storage bin or below
with checked baggage, possibly delaying flight departures. Also, there is not
total assurance that seats will be available for infants under Scenario 4, which
may increase parent anxiety.

The above assumptions and limitations must be considered when interpreting the
results of this analysis.

Federal Aviation Administration 2-30 May 1995
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3. FINDINGS—CHILD SAFETY RESTRAINT EFFICACY

To evaluate whether CRSs offer levels of impact protection equal o superior to
those passenger seats required by the FAA for newly certificated aircraft passenger
seats, CAMI conducted a series of impact tests. In these tests, CRSs meeting current
Department of Transportation (DOT) requirements for use in aircraft were subjected to
the same dynamic test conditions specified for aduit seats (44 feet per second,
triangular deceleration pulse 16 times the force of gravity with a 90 millisecond rise
time). To perform the tests, CAMI used typical current air carrier seats to hold the
CRSs that restrained a variety of sizes and designs of anthropomorphic test dummies
(ATDs). The ATDs simulated children 6 months, 2 years, and 3 years old (although
current regulations and air carrier policies only address infants under 2 years of age).

3.1 TYPE OF CRSs TESTED

A variety of CRS designs are currently available. A representative sample of the
following designs were tested:

- Aft-facing carriers

» Forward-facing carriers?
* Booster seats

= Harness restraints

< Belly belts

« Conventional lap belts.

Aft-facing carriers are designed for very young children who weigh less than
20 pounds. These restraints are often one application of a popular CRS, called a
“convertible carrier.” A convertible carrier is initially installed as an aft-facing carrier and
is used for very young children. All aft-facing devices are mounted in a seat so that the
child faces the rear of the vehicle. The neck musculature of very young children
precludes their facing forward and, in most aft-facing carriers, the child rides in a semi-
reclined position. As the child grows, using aft-facing carrier becomes impractical
because the back of the seat prevents the availability of adequate space for the child's
legs. Also, the child's musculature development allows the use of a forward-facing seat
design.

Most forward-facing carriers are designed for children who weigh between 20
and 40 pounds. To avoid purchasing a new CRS when their children reach 20 pounds,
parents often use convertible carriers. When the child exceeds 20 pounds, the device
is turned around from its aft-facing mode. The angle of the seat pan and seat back are
adjusted; the same device can be used in the forward-facing mode until the child
reaches 40 pounds.

T This category includes those convertible carriers that can be changed from aft-facing to forward-facing carriers

to accommodate a child weighing more than 20 pounds.

Federal Aviation Administration 341 May 1995
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Even after reaching 40 pounds, a child needs an appropriate restraint device
when riding in @ motor vehicle. For these larger children, two types of booster seats are
available. A first type of booster seat is the backless child restraint system, which is a
shield-type booster seat that consists of a platférm on which the child siis o raise the
child to a higher level. A shield fits over the front of the device; the child's legs are
below the shield and the head is above the shield. The vehicle seat belt is routed
around or through the shield. In an impact, restraint is provided because the child's
abdomen and thorax contact the padded shield. However, these types of booster seats
do not have back supports to provide protection from objects that may strike the child
from behind. This design feature may be crucial i aviation applications because of the
breakover feature of most aircraft seats currently in service. The second typé of
booster seat is the belt-positioning seat, which has a back to provide back protection for
the child occupant. Belt-positioning booster seats require the use of the lap and should
portions of the vehicle belt system. Becaiwsse amrnrmercial aircraft are not equipped with
shoulder belts, these seats are required to be labelled not fer use in aircraft.

The three designs described represent the majority of available devices.

However, CAMI aiso studied three other CRS designs: harness restraints, telly belis,
and conventional lap belts. Harness restraints consist of a belt harness worn by the
child. The harness has a path in the back of the device through which the vehicle's
seat belt is routed. These devices are intended for children who can sit facing forward
on their own. The second type of device, the “belly belt,” is classified for use only on
aircraft. The belly belt consists of a supplemental seat belt wrapped around the child
and through the parent's seat belt. The child sits on the parent's lap. This design is
intended for all children who can be held on the parent's lap. The design was
decertified by NHTSA in 1994 for use in automobiles or for aviation use in the United

o States. |t is, however, certified for use in the United Kingdom by the British Civil

|+ Aviation Authority. The final CRS design is the conventional lap belt available in all

‘ aircraft seats. Because an automobile seat belt is not designed or appropriate to
restrain a small child, important differences between aircraft and automobile seat belts
may make aircraft seat belts effective for a child large enough to use a booster seat.

3.2 TEST FIXTURE DIFFERENCES—AUTOMOBILE AND AIRCRAFT

The test fixture specified for use in certifying CRSs for both automotive and
aircraft applications represents typical automotive applications, but important
differences exist between aircraft seats and automobile seats. Seat belt anchors in an
automobile are located so that the seat belt interface with the CRS is at a significantly
different angle than that found with aircraft seat belts. Significant differences also exist
between aircraft seat belts and automobile seat belts regarding the location, size, and
design of the seat belt buckle. In a typical economy seating configuration in a
commercial air carrier aircraft, the amount of free space in front of a child in which the
head can flail without impacting some part of the seat ahead is only 22 inches
N measured from the cushion reference point (CRP). However, this dimension, referred
I to as the head strike envelope, is 32 inches (28 inches from the CRP) in the

» automotive-based government standard.

Federal Aviation Administration 3-2 May 1995
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Another difference between aircraft and automobile seats is a feature called seat
back breakover. A forward force applied to the top of the seat back in an airplane will
cause the seat back to rotate forward. This feature is not an impact protection feature;
it is a maintenance consideration that makes it easier for air carriers to remove, instalil,
and store seats. However, a child seated in an aircraft seat with an adult sitting in the
row behind will be subjected to a second impact when the seat back breaks over and
exerts force on the child's back because of the impact of the adult and the seat back.
The test fixture used for DOT’s certification standard does not feature seat back
breakover. The CAMI testing was based on the worst case survivable crash scenario.
There could be instances when some breakover seats might not breakover.

3.3 CAMISTUDY RESULTS

The CRSs that were tested provided varying degrees of performance.
Summaries of test results follow:

«  Aft-facing carriers performed well, protected the child, and fit in the aircraft
seat.

«  The CAMI study found significant problems with 8 of 8 forward-facing and
convertible carriers in the forward-facing orientation, including:

— None prevented head impacts when a seat back in the forward row was -
locked to prevent its breakover. Instruments on the ATDs indicated a high
probability of a serious head injury with most devices.

— Routing the seat belt through the CRS was difficult. Buckling and
unbuckling the seat belt was also difficult with convertible carriers.
Therefore, some corfigurations may not be attachable fo aircraft seats.

— Investigation of alternative anchor points in the aircraft seat resulted in
dramatic improvement in the impact protection performance of a selected
sample offerrard and convertible carriers that faced forward. When
alternative anchor points were used, all CRSs that could be attached in
this manner performed well and prevented head contact during testing.

» Backless booster seats performed poorly. Their significant problems include
the followdrrg

— They did not prevent head impact.

— Passing the belt through the devices presented significant problems and
frequently made it impossible to attach the booster seat to the aircraft seat

properly.

May 1995
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— Seat back breakover represented a potential safety threat because of the
high force exerted on the abdomen.

«  Harness-type systems performed poorly. Unacceptable forward head and
body excursion was followed by viclent rebounding hack into the seat.

*  The belly belt performed poorly. Not only did the belly belt fajt to prevent
head impact, but a child "restraingd” by a belly belt would be crushed
between the parent and the seat back of the row in front of them. Exertion of
force on the abdomen and the resulting risk of abdominal injury were
observed, and instruments on the ATD indicated a high probabmty of a
serious head i |njury

= Children large enough to use conventional aircraft seat belts were adequately
restrained. While they were not protected from seat back breakover, the
resulting force exerted on the abdomen was significantly less than that
observed with booster seats.

— There was no head contact with the row of seats in front of the child.

— The child must be large enough that the parent can tighten the seat belt
properly. In CAMI testing, the 3-year old, 33-pound size ATD was an
adequate size.

3.4 POTENTIAL EFFICACY IMPROVEMENTS

Based on the CAMI study, aft-facing carriers work well. Children large enough to
use a booster seat are large enough fo be restrained by the conventional aircraft
passenger seat lap belt. The CAMI study suggests that children of a size suitable for a
booster seat are better protected by the aircraft seat belt because the head does not
contact the seat back in front of the child and less force is exerted on the child's
abdomen. Therefore, potential efficacy improvements that would result in devices
suitable for use in an aircraft seat should target children too large for an aft-facing
carrier and too small to use the aircraft seat belt alone.

The challenge to CRS designs for use in aircraft arises from two significant
differences between aircraft seats and automobile seats. In an aircraft, the seat belt
anchors are located much farther forward than in an automobile. Approximately one
third less space exists for the head of the child fo flail before it impacts with an interior
fixture. As a result of this anchor point placement, the CRS pitches forward on the seat
untif tension in the aircraft seat belt is attained and restrains the CRS. Coupled with the
significant reduction in aircraft space, this problem represents a design challenge that
no device currently available can meet without resulting in some type of head injury
(provided the seat back in front of the infant does not break over). Four potential
changes to improve efficacy are:

Federal Aviation Administration 3-4 May 1995
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- Modification to existing CRS designs

- Modification of existing aircraft seats

= Potential new design concepts

» Increase the pitch between the rows of seats.

The advantages and disadvantages of these four approaches are discussed in
detail in the next section.

3.4.1 WModifications To Existing CRS Designs

To ensure that all forward-facing CRS perform well in aircraft, designers should
consider modifying the seat belt path through the device. This modification should
ensure that the seat belt restrains the device as soon as possible upon deceleration
and minimizes the distance the CRS can pitch forward before the seat belt produces
adequate tension restraint forces. Many current CRS designs, based on the anchor
locations of the motor vehicle test fixture used to certify them, assume that anchors in
motor vehicles are considerable rearward of their location in an aircraft seat. Producing
a CRS suitable for an aviation application will require considerable CRS redesign to
route the aircraft seat belt and help ensure the structural integrity of the CRS under
impact loads. Given that this design is a new type and, as a result, will require
considerable development and testing time, the development cost and delay in
availability will be considerable. At the efficacy panel session, representatives from
CRS manufacturers stated that it typically takes from 120 to 140 weeks after a design is
finished to design the manufacturing equipment and procedures needed. Thus, the
design and production of an aircraft-specific CRS will take between 4 and 5 years. The
time required to produce significant numbers and make them available to the flying
public is difficult to estimate, but is likely to be 5 to 6 years after an aircraft design
standard is available. :

The cost of such a device might be prohibitively high. The low cost of current
CRSs arises from their mass production. When development costs are spread over
hundreds of thousands of units, these costs become insignificant. However, .
madifications to current CRS designs for aircraft use could be an a costly development:
effort for a limited market. As a result, rather than costing from $40 to $100 per unit, an
- aviation-suitable CRS may cost the consumer considerably more.

3.4.2 I’v‘loduﬁcatuons To Exnstmg Aircraft Seats

nits study CAMI made a S|mple modification to the aircraft seats used in the
tests. Although simple in the testing environment, the alteration could be expensive
and time consuming in the operational environment. This modification installed a
second set of seat belt anchors on the hinge that reclines the aircraft seat. Installation
of this alternative anchor point improved the angle for the aircraft seat belt anchors and
dramatically impsoved the performance of all forward-facing carriers tested. The
altemnative anchor points might improve the performance of the harness belt systems,
but these systems were not tested with the alternative anchor point. Alternative anchor

Federal Aviation Administration 3-5 May. 1995
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points are only suitable for forward-facing and convertible carriers used in the forward-
facing mode and would not function properly with aft-facing carriers, booster seats, or
belly belts.

CRS manufacturers and consumer activists have recommended requiring
alternative anchor points in air carrier seats. These groups point to the millions of
devices being used by the public and their perception of the much faster
implementation time needed to install alternative anchor points. However, the cost of
certification of the new design and the expense of retrofitting fleets of aircraft-would be
significant.

Because of emergency evacuation considerations, CRSs are usually installed
only in window seats. Therefore, potentially two seats per row (in each window
location) would require the modification. Because of the normal wear and tear {o air
carrier seats, they tend be changed on a regular basis. Thus, seats with alternative
anchor points could be installed more guickly than an aviation-suitable CRS could be
produced.

The alternative anchor is not suitable for use by someone restrained only by the
seat belt. Use of an alternate anchor point would also require use of a different size
seat belt for the CRS. Because current FAA regulations require that a certified aviation
mechanic remove and replace seat belts, qualified mechanics would have to attach the
shorter seat belts to the alternate anchor point when a CRS was installed and then
remove them at the conclusion of the trip. The cost and disruption of having the FAA-
required, certified mechanic at both ends of a trip to change the seat belts could be
prohibitive to the air carriers. in addition, ensuring that the belts had been attached to
the proper location and that passengers were not using inappropriate seat belts would
require new procedures. For example, alternative seat belts of a bright, distinctive color
that flight attendants would immediately notice could be used; flight attendants would
require training to evaluate the proper use of the belts. This proposal, therefore, |
involves additional costs for the air carriers. Aviation mechanics may have {o be
available at both ends of the trip. Air carriers would have to modify flight attendant
training and provide additional equipment—suitable colored belts of the appropriate
lengths.

A second important consideration in altering anchor points relates to the
certification basis for the seat. The FAA must approve all components in an aircraft. If
a modification, such as adding an alternative anchor point, is made to a component, the
organization making the modification must show the FAA that the component continues
to meet airworthiness standards. The cost and administrative burden of requiring
recertification of each seat modified by the installation of alternative anchor points may
be substantial.

if the FAA removed the requirement to recertify seats when the alternative
anchors were installed and allowed flight attendants to change seat belts between two
locations, some of the burden of complying with this choice would be alleviated. Air

Federal Aviation Administration 3-6 May 1995
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carriers still might have to contend with labor union contracts that prohibited cabin crew
from changing seat belts. Assuming that these labor problems could be resolved, the
air carriers would still have to bear the cost of modifying the appropriate number of
seats. The air carriers would also have to stock the needed belts and modify their
cabin crew training to include instruction on how to identify and change the alternative
belts. There would then be a transition period when some, but not all, of the air
carriers’ fleet would be modified and some, but not ail, of the cabin crews had received
the necessary training.

3.4.3 Potential New Restraint Device Designs

Industry frequentiy responds to problems by developing new techniques and
devices. Although it is difficult to predict what new restraint technology might emerge,
three possibilities merit discussion. Integrated child seats similar to those pioneered on
Chrysler minivans and the 1ISO FIX system are two new child restraint technologies that
may apply to aircraft. A third possibility would be to separate the motor vehicle and
aircraft certification test procedures to develop a CRS that would perform better in the
aviation environment.

An integrated child seat (an aircraft seat with the child restraint built in) could be
folded out of the way when not needed, and an adult passenger could then sit in the
seat. With this type of device, parents could not use their child restraints, and air
carriers would have to equip their aircraft with these seats. Also, adult passengers
sitting on the folded child seat might not be as comfortable as they would be in a
regular aircraft seat. Cabin crews would require training on how to fold and unfold the
child restraint. Such a system would most likely provide superior protection because it
would be integrated with the frame of the seat and would not depend on seat belts and
their anchors. An integrated child seat would require a significant development effort
and would have to meet all FAA airworthiness requirements. For several years, the
Centers for Disease Control (CDC) had a topic in their Small Business Innovative
Research (SBIR) solicitation seeking an aviation-suitable child restraint device. Among
the proposals submitted was one to build an integrated seat suitable for use in an
aircraft cabin. But based on the small number of children at risk in airplane accidents
and their limited budget, CDC was unable to fund this topic.

An integrated child seat offers superior protection because the child is tightly
coupled {o the seat frame. A consortium of automobile organizations in the United
States and Europe have tried to develop a system called 1SO FIX. This may be
considered an excellent system in the future, but it cannot be expected to solve current
problems in a timely manner. In the ISO FIX system, the CRS is not attached to the
vehicle seat with seat belts. Instead, a mechanism mechanically attaches the CRS to
the vehicle seat frame. This easily operated mechanism allows for forward- and aft-
facing designs, tightly couples the CRS to the vehicle structure, and provides optimal
restraint. When the |SO FIX design is completed, designers can develop an aircraft
seat with the 1SO FIX mechanism, and parents can then install their own CRSs, which
must have the appropriate ISO FIX hardware, in an aircraft seat. An ISO FIX system in

Federal Aviation Administration 3-7 May 1995




Child Restraint System Study Report ) Chapter 3

an aviation setting would be immune to the problems of forward-facing carriers not
performing well with aviation seat belt anchors.

The problem with 1SO FIX is in its implementation. SO FIX CRSs will not work if
the vehicle seat (automobile or aircraft) is not equipped with the ISO FIX mechanism.
There is no incentive for parents to purchase 1SO FIX CRSs because automobiles are
not currently equipped to be compatible with them. Also, families already own other
CRSs that are incompatible with ISO FIX mechanisms. The cost of redesigning aircraft
seats would be significant; air carriers will not redesign seats ta.accommodate SO FIX
systems until the majority of traveling families own 1SO FiX-compatibie CRSs.
Therefore, it is unlikely that ISO FIX will receive wide acceptance in the U.S. any time
soon.

Another approach could be to separate the test procedures for motor vehicle
use, aircraft use, or both and to define dynamic test procedures for an aircraft CRS
standard based on the work done by CAMI. This might result in a CRS that performs
better in the aircraft environment. However, the market for aircraft-specific CRSs is
relatively small and might not support the design and development costs.

3.4.4 Change the Pitch Between Seat Rows

The CAMI testing demonstrated that the problem with six of the eight forward-
facing carriers was that head strikes exceeded the maximum acceptable levels. If the
distance between the aircraft seat row was increased, then a greater clearance for
infant head motion would exist. ‘This could result in more of the current forward-facing
carriers that could meet the existing HIC.

This option was not discussed in the efficacy or the operational issue panel
meetings. The option presents a significant burden to the air carriers in two respects.
First, the cost of modifying the aircraft seating configuration for the entire fleet could be
high. Second, the aircraft would have reduced passenger capacity because at least
one row of seats would have to be removed to extend the pitch between seat rows.
Consequently, air carriers could not market as many seats with their current fleet sizes.

Federal Aviation Administration 3-8 May 1995
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4. FINDINGS—THE IMPACT ON AIR CARRIER PASSENGER VOLUME

if the costs to air passengers are increased, some passengers will divert from air
travel to alternative modes of transport or forego travel completely. The expectation of
passenger diversion is based on the economic principle of price elasticity; that is,
demand for air travel services will decrease as ticket prices are increased. The
mandatory use of CRSs, then, could increase passenger costs because of additional
fares for infant tickets, potential increases to noninfant air fares, and the need for some
families to purchase CRSs. Also, bumping of passengers by infants will impact
passenger volume,

Among the alternatives considered in this analysis, the most beneficial
outcome-—in terms of preventing fatalities and injuries and maintaining air carrier
revenue—was achieved when the least number of passengers diverted from air
transportation. This occurred in Scenario 4, when the FTUs reserved CRS aircraft
seats at no cost and provided their own CRSs. The result was that no passengers were
expected to divert from air travel.

41 RESULTS

Exhibit 4-1 shows the impact to FTU air travel volume for each of the seven
scenarios, as defined in Section 2.2.1. The average passenger volume output results
are grouped according to the number of passenger round trips diverted to other
transportation modes (automobile, bus, or rail); the number foregoing travel as a result
" of increased costs; and the number of passengers continuing to travel by air.

Generally, the impact of a CRS mandate on air passenger volume varied widely
across the scenarios considered. This variation is driven primarily by the extent to
which the costs of eamplying with such a mandate are transferred to the traveling
public. Specifically, the output ranges from no FTU diversions under Scenarios 1
through 4 to a total of 73.4 percent of the FTU passengers diverting under Scenarios 5
and 6. The large number of diversions under Scenarios 5 and 6 includes 53.3 percent
of passengers foregoing their trave! plans and 20.1 pereent diverting to other
transportation modes. Results of Scenarios 7A, 78, and 7C range between the
minimum and maximum values. The next section explains these variations.

Federal Aviation Administration 4-1 May 1995
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EXHIBIT 4-1 :

Projected Changes in FTU Air Travel VolumeT
{Annual Number of Round Trips, Averaged Over 1955-2004}

L ‘ DiverttoAutoand | L Continus o
Secenario p : . A ForegoTrip . . A .
e | " omeitedss TR Traval by All;
1. Base Case - No mandate 0 0 1,991,642 1,991,612
(0.0%) (0.0%) {100%)} (100%)
2. Air carrier provides seat at ¢ 0 1,991,612 1,991,612
no cost, FTU provides CRS (0.0%) {0.0%) - {100%) (100%)
3. Alr carier provides seat at no [t} 0 1,991,812 1,991,612
cost, air.carrier provides CRS (0.0%) (0.0%) (100%:) (100%)
4, FTU reserves seat al ho o o ’
cost on space avaliable 1991612 1991612
basis, FTU provides CRS {©0.0%) (0.0%) (100%) (100%)
& FTU pa-ys ful fare f?r 400,343 1,062,306 528,963 1,891,612
infant ficket, air carrier
provides CRS (20.1%) {53.3%) {26.6%) {100%)
6. FTU pays full fare for infant 400,343 1,062,308 528,963 1,991,612
ticket, FTU provides CRS (20.1%) (53.3%) (26.8%} {100%)
7A. FTU pays 75% of full fare
for inrar)l'; 1icke: FTU 304,401 798,341 888,870 1,991,612
provides CRS {15.3%) (40.7%) (44.6%) (§00%)
0 .
7B. FTU pays 50% of full fare 202,934 532,207 1,256,451 1,991,612
for infant ticket, FTU
provides CRS (10.2%) (26.7%) (63.1%) {100%)
7C. FTU pays 25% of full fare
far infant ticket, FTU 101,467 266,114 1,991,642
provides CRS (5.1%) (13.4%) 100%)

110133408

4.2 ANALYSIS OF RESULTS

The changes in FTU air passenger volume and the underlying reasons for these
changes are summarized in Exhibit 4-2. No FTUs divert to other modes of
transportation under Scenarios 1; 2, 3, and 4. FTUs incur no additional costs under
these scenarios because infants continue to fly for free and all the FTUs are assumed
to own CRSs. However, minor non-FTU diversions occur under Scenarios 2 and 3,
which are caused by infant passengers who "bump” noninfant passengers on full flights,
causing some of those passengers to cancel their trip or divert to other transportation
modes.

1 air travel volume is based on the number of FTU round trips. To measure the change in enplanements as normally
reported in FAA statistics, the figures in this table can be converted by multiplying them by 2,17 (the average number
of people per FTU, 317, minus 1—the infant is not normaily counted as an enplanement) and by the number of
enplanements per round trip (2.73). For example, the average annual number of FTU round trips is 1,991,612, Thisis
equal to (1,991,612)x(2.17)x{2.73) = 11,790,342 enplanements.
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Scenario 4 results in no impact on passenger velume because FTUs incur no
costs. Moreover, noninfant passengers are not bumped because infants are provided
seats only on a space-available basis. Infant fatalities and injuries increase slightly
because lap-held infants were caiculated to have higher mortality rates than secured
infants. This is discussed fully in Chapter 6. : '

EXHIBIT 4-2

Reasons For Projected Changes in Air Passenger Volume
{Annual Number of Enplanements, Averaged Over 1996-2004)

) Remson {or Change S
Scenario " FTU Diversions 1 Infant Bumpe Passoiiger |- -MetEhangs:

From Alr Travel (Mon-FTU Passangers Oniy)
1. Base Case — No mandate Y o 0

2. Air carrier provides seat at

0 -30,030 -30,030
no cost, FTU provides CRS 30.0

3. Alr carrier provides seat at no

0 -3 K
cost, air carrier provides CRS 0,030 30,030

4. FTU reserves seat at no
cosf on space available ) 0 Q

basis, FTU provides CRS

5, FTU pays full fare far
infant ticket, air carrier -B,664,873 -8,056 -8,672,929
provides CRS

~ 6. FTU pays full tase for infant

ticket, FTU provides CRS -8,664,873 -8,056 8,572,929

7A. FTU pays 75% of full fare

for infant ticket, FTU 6,532,754 -13,535 _ -6,546,289
provides CRS

e e e e e e o e e m — e e e m e s e e mem e o S e Em o ST T

78B. FTU pays 50% of full fare

for infant ticket, FTU 4,355,167 -19,135 . -4,374,302
provides CRS

_..___.....ﬁ_.___....-r__.—..-_.........._____........_..___.__......_uq.m_.——-_._.___...m_

7C. FT\} pays 25% of full fare
for infant ticket, FTU -2,177,587 -24,131 -2,202,318

11.013.94-17

Scenarios 5 and 6 impact the vokime of air carrier passengers the most
because, under these scenarios, the FTUs are required to pay the fufl noninfant fare for
infants. For a family of two adults and one infant, this represents an approximate cost
increase 50 percent over the base case. This increase causes significant passenger
diversions because of the highly elastic nature of the FTUs’ demand for air travel.

Scenarios 7A through 7C display a range of diversions that increase
proportionately to infant ticket price increase. The price of the infant ticket decreases n
25 percent increments for Scenarios 7A through 7C. The number of FTU diversions.
caused by the decreasing infant ticket price correspondingly decreases. However, the

Federal Aviation Administration 4-3 ' Hay 18095




Criitd Restrain? System Study Repor ' Chapter 4

nuimiber of non-FTU diversions caused by passenger bumping increases. The
diversions associated with bumped passengers increase because as the infant ticket
price is reduced, more FTUs will continue to travel by air. As more FTUs travel by air,
the number of infants traveling by air also increases; therefore, more non-FTU
passengers are likely to get bumped.

Scenario 4 resulfs in least impact to passenger volume because no passengers
divert to other transportation modes. Scenario 4 presents significant benefit to FTUs
because the infant seat is reserved on a space-available basis; however, this may
sometimes result in less preferred flight times or infants being transported in the lap of
accompanying adults.

4.3 SENSITIVITY ANALYSIS

Analyzing the effects of changes in the values of input parameters on air
passenger volume is important. Changes in the air carrier passenger volume affect
other facets of the analysis; both air carrier revenues and safety impacts are highly
dependent on the number of passengers diverting from air travel. The following input
parameters were varied to evaluate the resulting impact on the number of air travelers:

. Infant enplanements as a percentage of total enplanements
o Percent of FTUs who must buy a CRS
. Initial price elasticity of demand.

In analyzing the sensitivity of air passenger volume for the first two parameters,
two scenarios were used {o represent the best and worst outcomes. Scenario 4
represented the best case with the least change in passenger volume; Scenario 6
represented the worst case. Under Scenario 4, passengers do not divert to other
modes of transportation; hence, passenger volume is unaffected by either the number
of infants or CRS ownership. Thus, a detailed sensitivity analysis for this scenario was
unnecessary. Results under Scenarioc 6——the worst case—are displayed in Exhibit 4-3.

Changes in infant enplanements as a percentage of total enplanements
produced proportional variation in air passenger volume. As the infant enplanement
proportion changed by 10 percent, the number of diverting passengers also changed by
10 percent. Proportional changes occur for any change in the value of this parameter
because it is assumed that each FTU has exactly one infant. Therefore, as the ratio of
infants to total air passengers increases, the number of FTUs will increase by that same
percentage as will the diversions under Scenario 6.
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EXHIBIT 4-3
Sensetwsty Analysis for FTU Air Passenger Volume Impacts

- ChangeHr Net FTU
Passeniger Divaisions
) , ;.C}hangeiin, :
Parameter - | Parameter | atno'Cosi 1 The
' | value | Provides CRS  |FTU Provides'CRS
Infant enplanements -10% N/A - -10.0%
as a percentage of
fotal enplanements 10% N/A 10.0%
Percent of FTUs who +5% N/A* +2.3%
must buy a CRS '
+10% N/A™ +4.7%

110138425

* The percentage change is not applicable, but the average annual number of diversions
changes from 0O for 0% of FTUs buying CRSs to 334,156 for 5% of FTUs buying CRSs.

* The percentage change is not applicable, but the average annual number of diversions
changes from 0 for 0% of FTUs buying CRSs to 668,313 for 10% of FTUs buying CRSs.

In this study, it is assumed that all FTUs own CRSs. However, assuming some
percentage of FTUs must buy CRSs causes variation in passenger diversions under
Scenario 6. The number of passengers diverted changed at almost 50 percent of the
rate of the change in this input parameter value. A 5 percent increase in the percent of
FTUs who must buy a CRS caused a 2.3 percent increase in passenger diversions.
The reason for this relationship is that CRSs cost much less than full air fare. All FTUs
are affected by the full air fare under Scenario 6, but only 5 percent or 10 percent of the
FTUs see a price increase from CRS purchases. In addition, that price increase is a
fraction of the airfare increase, so the diversion rate of change is less than the rate of
change of FTUs purchasing CRSs. Changing the percentage of FTUs who must buy
CRSs had a much greater effect on diversions under Scenario 4. This effect occurs
because under Scenario 4, FTUs do not have any travel costs associated with CRSs;
hence, no diversions occur if they already own CRSs. Assuming as little as 5 percent
of the FTUs must purchase CRSs causes large diversions because the cost of a CRS is
a significant price increase for each of the FTUs affected.

With respect to price elasticity of demand, this study generally is premised on
FTUs being extremely sensitive to changes in airfare (demand is elastic with respect {0
price). However, some economic studies discussed in Chapter 2 and Appendix G
concluded that demand may be less sensitive to price. Further, the Afr Transport
Association comments, in response to the Federal Register notice soliciting information
for this study, suggested that FTUs may not alter their travel behavior in response to
mandating use of CRSs. Thus, it is worthwhile to explore the impact of changing
assumptions from an elastic demand to unitary demand to an inelastic demand. An
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expanded sensitivity analysis was performed for the price elasticity parameter. Exhibit
4-4 shows the resulis.

EXHIBIT 44

Price Elasticity of Demand Sensitivity Analysis
Annuet dumber and Percent of Total FTUs Diveried (Averaged over 1995-2004)

oo N ’ ne* hiltia: Poink Intéial Point.
y azellng *+ o o
Scenarlo. ~ RN ‘ ‘Elasticities Elasticltios
Int. thoitd
: Palnt Elasticities Set to 1.0 - Sat to. 08
1. Base Case - No CRS mandate 0 0 Q0
2. Air carrier provides seat @t id cost,
FTU provides CRS ) 0 o] 0
.‘n ’/ .
3. Air earrier provides seat at no cost,
air carrigr provides CRS -8 0 0
4. FTU reserves seat at no cost on space
available basis, FTU provides CRS o 0 0
5. FT U pays full fare for infant ticket, 1,462,648 918,658 734,927
air carrier provides CRS - (73.4%) (46.1%) (36.9%)
6. FTU pays full fare for infant ticket, 1,462,648 918,658 734,927
FTU provides CRS (73.4%) {46.1%) (36.9%)
7A. FTU pays 75% of full fare for infant 1,102,742 688,994 551,195
ticket, FTU provides CRS (55.4%) (34.6%) (27.7%)
7B. FTY pays 50% of full fare for infant 735,161 459,329 367,463~
ticket, FTU provides CRS (36.9%) (23.1%) {18.5%)
7C. FTU pays 25% of full fare for infant 367,581 225,665 183,732
ticket, FTU provides CRS (18.5%) . (11.5%) (9.2%)

See Exhibit 2-5 for baseline price elasticity estimates.

T These point elasticities characterize the initial point on the linear demand curve. As the cost to FTus
increases, the demand becomes more elastic. Section 2.2.2 and Appendix G provide further

discussion of the properties of demand elasticities. :

Exhibit 4-4 displays the impact to FTU passenger diversions for three
significantly different price elasticity values. Only FTU diversions are shown because
FTUs are the passenger group most affected by infant air fare increases. Under
Scenarios 2, 3, and 7 there is also a small amount of diversion resulting from infants
bumping noninfant passengers, which is not included in Exhibit 4-4.

Even with substantially lower elasticities, significant diversions exist in Scenarios
5through 7. However, the magnitude of those diversions decreases as the price
elasticity values decrease. This refationship, which does not include bumping
diversions, is approximately linear.
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5. FINDINGS—THE IMPACT ON FAMILY TRAVEL COST

This chapter discusses the potential impact of a CRS mandate on family travel
cost. These costs include additional infant ticket fares and the potential acquisition cost
of CRSs for families currently without them. The cost of infant tickets is subject to the
discretion of air carriers. Generally, most air carriers charge the same price for infants
occupying a separate seat as charged for adults. However, air carriers may offer
promotions for free or discounted seats for infants. This information was obtained from
panel discussions and telephone inquiries to air carrier representatives, including
reservation agents and Government affairs representatives. Air carriers are expected
to set infant fares according to market conditions. Full fares for infants are likely to
prevail during peak hours and holiday periods.

Because laws require the use of CRSs for automobile travel and because these
same CRSs can be used in aircraft, FTUs are generally considered to own acceptable
CRSs for use on aircraft. Hence, no marginal cost te FTUs for CRS purchase is
expected. If such purchases were to occur, however, the unit cost is estimated at $50.
As discussed in Chapter 2 and Appendix D, this cost was obtained from a rental car
company survey. Rental car company information was used because their experience
in purchasing, renting, and maintaining CRSs for passenger use is similar to what
would be expected for air carrier use.

The scenario that minimized costs to families in this analysis was when air
carriers were assumed to provide the aircraft seat and the CRS for infant use at no
_charge (Scenario 3 ). In this scenario there were no added costs to families. The
greatest average annual cost to all families, estimated at $137 million, is associated
with charging 70 percent of an adult fare for infants.’

The FAA is assuming in this analysis that the price sensitivity of demand for air
travel by FTUs does not vary duny the year. Therefore, air travel price elasticity is a
function of only the cost of air travel, the distance traveled, and the income of the FTU.
However, the FAA is aware that FTUs with school age children are less likely to travel
during the schoaol year than during the summer. When they do travel during the school
year, they will most likely travel during a bregk period (Easter, Thanksgiving, and
Christmas). These FTUs may be more sensitv@4t0 price during the long summer
months than during the short.school breaks, Gghool breaks also tend fo occur during
peak demand periods for air travel when the demand for passenger seats may exceed
the supply. During these periods of peak demand, the air carriers are more likely to
charge for seats used by CRSs. Parents would be more likely to pay the extra charge
during these pesiods, and, even if particular parents choose not to pay the extra
charge, the air carriers could still sell the passenger seat to someone else. During
these peak demand periods, some parents would still choose to divert fo automotive
travel if the distance is short enough rather than pay the extra cost to travel by air.

1 None of the variants of Scenario 7 is set at exactly 70%-of the noninfant fare. Permutations of Scenaric 7 were
praduced by varying the infant ticket price until the maximum family cost was determined.
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Many others, however, would forego travel. The latter decision would have the effect of
reducing the assumed safety benefits of mandating CRSs.

51 RESULTS

Exhibit 5-1 summarizes the impact to family travel costs under the seven
scenarios, as defined in Section 2.2.1. This impact is measured both in terms of the
combined additional cost for all FTUs that continue air travel and the additional round
trip air travel cost per FTU. The exhibit also lists the number of passengers who divert
from air travel or continue air travel, thus depicting the relationship between family
travel costs and passenger diversions. '

EXHIBIT

5-1

ijected Changes in Family Travel 605%1995_ Dollars
{Averaged Over 1955-2004)

Annuzl Round Trips of

Additional Cost

provides CRS

. FTU Air Passengers of Travel-per | Additonal-Annuat _Na:}i:i
Scenario - ) FTU Continuing Guostio FTUs y
Diverted from | Continue to ‘to-Fly Continuing to Fly
Alr Travel Travel by Alr | (Per Round Trip)
1. Base Case-No CRS mandate 0 1,991,612 - - -
. Air carrier provides seat at 0 1,991,612 - - -
no cost, FTU provides CRS
3. Air carrier provides seat at i :
no cost, air carrier provides 0 - 1,991,612 - - -
CRS
4. FTU reserves seat at no cost
on space available basis, o 1,991,612 - - -
FTU provides CRS
5. FTU pays full fare for infant
ticket, air carrier provides 1,462,648 528,963 $201.46 $109,177,476 $754, 379,679
CRS
6. FTU pays full fare for o ‘
infant ticket, FTU provides 1,462,648 528,083 $201.46 $109,177,476 $754 379,679
CRS -
7A. FTU pays 75% of full fare
for infant ticket, FTU 1,102,742 888,870 $151.09 $136,074,138 $940,226,579
provides CRS
7B FTU pays 50% of full fare
" for infant ticket, FTU 735,161 1,256,451 $100.73 $127,254,068 $879,282,859
provides CRS
7GC.FTU pays 25% of full fare
for infant ticket, FTU 367,581 1,624,031 $50.36 $81,896,022 $565,874,000

Generally, the impact of CRS use on family travel costs varies widely across the

scenarios considered and depends on the extent to which the costs are transferred to

Federal Aviation Administration
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the FTUs. Additional annual FTU round trip costs range from no cost, under Scenarios
1 through 4, to a maximum of more than $136 million under Scenario 7A. The
additional round trip cost for individual FTUs ranges from no cost to $201.46, with the
maximum value occurring in Scenarios 5 and 6. The next section explains the
variations in these results.

5.2 ANALYSIS OF RESULTS

The FTUs incur no additional costs while traveling by air under Scenarios 1
through 4, because infants continue to travel for free under each of these scenarios.
Furthermore, it is assumed that all families with infants already own CRSs; therefore,
they do not incur expenses for purchasing CRSs.

The most significant cost impact on individual FTUs occurs under Scenarios 5
and 6. Because the FTUs pay the full price of an adult ticket for infants under those
scenarios, the cost impact to the FTUs is simply the average cost of an adult ticket.
The only difference between these two scenarios is that, under Scenario 6, FTUs must
provide the CRSs. Because it is assumed that the FTUs already own them, no
increased cost to FTUs results from the purchase of CRSs; both scenarios produce
identical results.

Under Scenarios 7A through 7C, round trip ticket costs per infant are 75 percent,
50 percent, and 25 percent, respectively, of the average adult ticket price. However,
the highest annual round trip air fravel costs to all FTUs collectively (that is, the fotal
- cost impact to traveling families) is incurred under Scenario 7A. This result appears to
be an anomaly because the greatest round trip cost per FTU occurs under Scenarios 5
and 6. Two opposing factors contribute to this result. First, the price of an infant ticket
increases linearly—that is, in 25 percent increments of the adult ticket price. On the
other hand, as ticket prices increase, the number of air passengers decreases.2 The
maximum annual cost—infant ticket price multiplied by the number of FTUs traveling by
air each year—occurs at 70 percent of the adult ticket cost (at a cost of $137 million).
The infant ticket price in Scenario 7A (infant tickets are 75 percent of the adult fare) is
closer o the 70 percent rate than the price in Scenario 7B (50 percent); therefore,
Scenarige7A results in the maximum cost to all FTUs. -

No cost impact to FTUs was quantified for Scenarios 2, 3, and 4. However,
these varitus scenarios may impose some costs. Scenario 4 assumes a space-
available basis for infant travel, that is, an FTU may not be able to use a CRS if seats
are unavailable for traveling infants (infants may be transported on their parents’ laps or
the FTUs may have to travel during a less-preferred time). If all passenger seats are
sold, passengers with infants would have to stow the CRSs they brought on board or
check them g@s baggage. and some delayed flights may resuit. Similarly, under
Scenario 2 it is assumed that FTls already own CRSs; if not, families that do not
currently own CRSs nfay experience cost impacts. Therefore, the best-case scenario

2 Because this study uses a price elasticity of -2.3 for certain FTUs, the effect of charging an additicnal fare results
in complete diversion of this. most sensitive category of FTUs.
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for FTUs is Scenario 3 where infants are guaranteed a reservation at no cost and the
air carrier provides the CRS.

Federal Aviation Administration h-4 May 1995




Child Restraint System Study Report Chapter 5

5.3 SENSITIVITY ANALYSIS

To assess changes in the values of input parameters on family travel costs the
following input parameters were varied and the resulting impact was evaluated:

. Infant enplanements as a percentage of total enplanements,
. Percent of FTUs who must buy a CRS, and
. Initial price elasticity of demand.

Scenario 6 represents the worst case for individual FTUs in terms of additional
cost per round trip. Exhibit 5-2 shows the results from varying assumptions concerning
infant enplanements and CRS ownership—calculated in terms of net present value
(NPV)—under Scenario 6.

EXHIBIT 5-2
Sensitivity Analysis for FTU Cost Impacts

. - | - Change
Change:in - Fam
Parameter " - - Sten: ,

- Paramatar Value FTU PaysFull Fare forInfant

. _ , _ Ticket, FTU Provides:GRS:
Infant enplanements as -10% 10.0%

a percentage of total '

enplanements +10% +10.0%
Percent of FTUs who +5% -4.0%
must buy a CRS +10% 8 3%

As noted in Chapter 4, changes in total infant enplanements cause proportional
impacts on FTU cost. As the infant enplanement proportion increased by 10 percent,
the total cost to FTls @lso increased by 10 percent. This result occurs because as the
number of infants traveling by air increases, the total FTU population, and hence cost,
rises in direct propartion.

Ironically, asstming some proportion of FTUs must buy CRSs actually reduces
the annual cost to all FTUs traveling by air because the increased cost of air travel
causes some FTUs to divert. The additional cost of CRS purchases for FTUs
continuing to travel by air is outweighed by the reduction in FTU costs associated with
diversions. In other words, when an FTU diverts from air travel, it has no air travel
costs. The net effect is an overall reduction in total FTU costs.

Changes in the price elasticity of demand cause the greatest variation in family
travel costs and are directionally opposite to the changes in elasticity. For example, a
decrease in the value of price elasticity results in an increase in total cost to all FTUs.
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Exhibit 5-3 shows the sensitivity analysis resuits for assumptions of unitary and inelastic
price elasticity under all seven scenarios, compared with the baseline of price elasticity
estimates used in this study. As the price elasticity estimate is decreased from that
used in this analysis {(weighted average of -1.6) to unitary elasticity (-1.0) to an inelastic
value (-0.8), family travel costs increase substantially. Because their sensitivity to
changes in price decreases, more families continue to travel after air ¥¥es increase.
The result is that families as a group pay more for air travel.

The average FTU size used in this study is slightly over three individuals including one
infant. Price elasticity of demand is likely to be fairly sensitive to actual size and
composition of the FTU. For example, the price impact on FTUs with two infants under
two years old would tend to have a higher elasticity {divert from air trave! more readily if
charged infant fare). On the other hand, single parent FTUs would probably be less
elastic because the option of driving alone with infants is less feasible. This study finds
that total FTU travel costs and consequently air carrier revenues are sensitive to
variations in price elasticities as shown in Exhibits 5-3 and 7-5. Air carriers experience
net revenue losses until infant fares are lowered to about 50 percent of full fare even
with an inelastic initial point value of -0.8. Further evidence suggesting airlines believe
that highly elastic behavior is the actual case is the fact that air carriers are free now to
charge fares even for lap-held infants but choose not to do so. It appears reasonable
that if it were profitable for the carriers to charge for infants, then they would.

FTU costs estimated in this study are based on the assumption that virtually no
families today are paying fares to assure the availability of passenger seats in which to
install CRSs. To the extent that some FTUs may be paying for such seats, FTU travel
cost increases associated with mandating CRSs are overestimated. No adequate data
exist concerning this issue. Anecdotal evidence supports the view that relatively few
families purchase seats for their infants. The impact of this factor on FTU costs would
be linear. For example, if 10 percent of FTUs currently purchase passenger seats,
then FTU travel cost increases and air carrier revenue losses due to diversion and
bumping would be reduced by 10 percent from values shown in the tables.
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EXHIBIT 5-3
Price Elasticity of Demand Sensitivity Analysis
NPV of Change in Family Travel Costs—1995 Dollars
(Averaged over 1995-2004; Millions of Dollars)

. « o -l Initia) Point 7 7 Inital Point i
Bcendrlo P“E“m o C . . S :
Price Elastickies | ElasticilesSetto -1.¢ Elpgticities Set o -0i8
1. Base Case - No CRS mandate o e 0
2. Alr carrier provides seat at no-cost, . :
FTU provides CRS o Y 0 i
3. Air carrier provides seaf at no cast, ) ] i
air carrier provides CRS o 0 0 ‘
4. FTU reserves seal at no cost on space
available basis, FTU provides CRS o 0 4 i
5. FTU pays full fare for infant ticket,
air carier provides CRS $754.4 $1.4915 $1,746.8
&. FTU pays full fare for infant ticket, e
FTU provides CRS . $754.4 $1,491.5 $1,746.8 )
i
TA. FTU pays 75% of full fare for infant
ticket, FTU provides CRS : $940.2 : $1,358.0 $1.5017
78. FTU pays 50% of full fare for infant
ticket, FTU provides CRS $879.3 $1,065.0 $1,128.8
7C. FTU pays 25% of full fare for infant
ticket, FTU provides CRS §366.9 $612.3 $628.3

* See Exhibit 2-5 for baseline price elasticity estimates.
** These point glasticities characterize the initial point on the linear demand curve. As the cost to FTUs-
increases, the demand becomes more elastic. Section 2.2.2 and Appendix G provide further i

discussion of the properties of demand elasticities.
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6. FINDINGS-—THE IMPACT ON FATALITIES AND INJURIES

This chapter discusses the impact a CRS mandate would have on fatalities and
injuries. The primary purpose of such a mandate is to enhance the safety of infants
during air travel. The following premises have been incorporated into the analysis:

* The use of some types of CRSs can reduce infant fatalities and injuries
sustained in air carrier accidents and incidents. (Chapter 3 discusses these
findings.)

¢ Air carriers may charge up to the full fare for seats encumbered by CRSs.
This action would increase the cost of air travel for families with infants.
(Chapter 5 discusses these impacts.)

= Increases in the cost of air travel may cause some families with infants to
divert from air travel to other transportation modes or to cancel their trips.
(Chapter 4 discusses impacts to passenger volume.)

* Airtravel is safer than travel on other modes of transportation. For example,
on a 500-mile trip, an unrestrained infant has a 1.6 out of 10 million
probability of dying in a survivable air carrier accident For a 500-mile
automobile trip, an infant has a 17.2 out of 10 million chance of dying in a
survivable automobile accident. The chance of dying in an automobile
accident increases with distance, while the rate for air carriers is considered
less dependent on distance.

< Therefore, the net impact of mandatory use of CRSs on fatalities and injuries
should be estimated as the net change resulting from the following effects:

— Reduced aviation fatalities and injuries resulting from CRS use

— Reduced aviation fatalities and injuries because of decreased air
passenger enplanements resulting from higher costs of air travel

— Increased fatalities and injuries resulting from the diversion of air -
passengers to other modes of transportation.

If air catriers choose not to charge for seats encumbered by CRSs, then an
estimated 4.9 fatalities, 2.1 major injuries, and 3.7 minor injuries could be prevented
aver the next 10 years.

If air carriers elect to charge the full fare for seats encumbered by CRSs, then an
additional 82.2 fatalities, 160.4 major injuries, and 4,785.2 minor injuries are estimated
to occur over the next 10 years.

The air carriers may decide to charge for infant seating only during peak periods
such as the holiday season. Unfortunately, automotive travel may be more hazardous
during the school breaks (particularly Thanksgiving and Christmas) than during the

Federal Aviation Administration 6-1 May 1295




Child Restraint System Study Report Chapler &

summer months. There are more people on the roads during the holiday season, more
of these drivers are intoxicated than at other times of the year, and the weather
conditions are more harsh. For these reasons, the FAA believes that it has under-
estimated the highway fatalities and injuries that would result when peaople divert to
automotive travel during these periods. If the air casriers charge for infants to fly during
peak periods (as a result of the FAA mandating the use of CRSs), then highway
fatalities and injuries may be much higher during these period than could be estimated
by prorating the above FAA estimate for only the portion of the year covered by the
peak period, holiday season. On the other hand, many families choose air travel during
holidays because automotive travel is not practicable given the short holiday time
constraint. Thus, for those families unwilling to pay for infant travel that have tight time
constraints during the holidays, relatively more will simply forego travel during these
periods. This could offset some of the increase in fatalities and injuries.

Federal Aviation Administration 6-2 May 1995 '
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6.1 RESULTS

A summary of the quantitative output for fatality and injury impacts is shown in
Exhibits 6-1 through 6-3. Exhibit 8-1 shows the impacts on infant fatalities and injuries,
Exhibit 6-2 fists the impacts to noninfants; and Exhibit 6-3 shows the net safety impact
to all passengers for each of the seven scenarios (as defined in Section 2.2.1). The
total fatalities and injuries for the 10-year period considered in this study (1995 to 2004)
and the net impacts are provided for each transportation mode. -

Generally, the impact of a CRS mandate on travel safety varies across the
scenarios considered. This variation is primarily driven by the extent to which air
passengers divert to other modes of transport. Over a 10-year period, the infant
fatalities range from 4.9 fatalities prevented under Scenarios 2,3,and 4 to 196
additional fatalities under Scenarios 5 and 6 (Exhibit 6-1). The noninfant fatalities range
from zero in Scenario 4 to 62.6 additional fatalities under Scenarios 5 and 6 (Exhibit 6-
2). The total fatalities range from 4.9 fatalities prevented in Scenario 4 to 82.2
additional fatalities under Scenarios 5 and 6 over 10 years (Exhibit 6-3). 1

. The prevented infant fatalities for Scenarios 2, 3, and 4 are not identical.
Scenario 4 is slightly less safe than Scenarios 2 or 3 because a small proportion of
infants are displaced fo the laps of neninfant guardians traveling with them when the
airplane is full. Specifically, infant fatalities prevented in Scenarios 2 and 3 are actually

4.88; in Scenario 4, it is 4.86; both numbers round to 4.9.

The point at which the number of infant fatalities is exactly zero results from a
permutation of Scenario 7. This occurs when the infant ticket price is set to 20.0
percent of the noninfant air fare. However, at this infant ticket rate, 12.8 noninfant
fatalities result from diversions to other modes of transportation projected to occur over
10 years. There is no point at which the noninfant fatalities will equal zero. Even if
there is no cost for infant tickets, 0.2 noninfant fatalities are projected over 10 years as
a result of diversions caused by bumping. As soon as the infant ticket fare exceeds
0 percent of the noninfant air fare, the number of fatalities resulting from diversions to
other modes of transportation increase.

Major and minor injuries follow the same pattern as fatalities, but the magnitude
of impact is much higher. The net major injuries range from -2.1 to 160.4; the net minor
injuries range from -3.7 to 4,785.2 across the various scenarios (Exhibit 6-3). The point
at which the number of infant major injuries is exactly zero is when the infant ticket price
is set to 4.9 percent of the noninfant air fare. However, at that infant ticket price,

6.1 noninfant major injuries occur.

1 At present, most forward-facing CRSs are not fully effective. These seats are used primarily by infants
over one year of age. If these infants represent half of the infants who travel, then mandating the use of currently
available CRSs at this time might only prevent between two to three infant fatalities over 10 years.

Federal Aviation Administration 6-3 May 1995
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EXHIBIT 6-1

Projected Changes in Infant Fatalities and Injuries
(Totaled Over 1995-2004)

“Infant Miinor I

njisries

I BPase Case; No CRS
‘ mandate

2. Air carrier provides
seat at no cost, FTU -4.9 0.0 -4.9 -2.1 0.0 2.1 -3.8 0.0 -3.8
provides CRS ]

3. Air carrier provides  j
seat at no cost, air -4.9 0.0 -4.9 -2 0.0 2.1 -3.8 0.6 -3.8
cattier provides CRS

4. FTU reserves seat

at no cost on space -4.9 0.0 -4.9 -2.1 0.0 -2.1 =37 0.0 3.7
available basis, FTU
provides CRS
5. FTU pays full fare
for infant ticket, air -5.0 246 19.6 -2.3 448 425 -3.8 112931 11,1254

carrier provides CRS

6. FTU pays full fare

for infant ticket, FTU -5.0 2486 19.6 -2.3 44 .8 425 -39 1,129.3 1,125.4
provides CRS

7A.FTU pays 75% of full
fare for infant ticket, 5.0 18.6 3.6 -2.2 337 31.5 -3.9 850.5 846.6

FTU provides CRS

7B. FTU pays 50% of full
fare for infant ticket,_ -4.9 12.4 7.5 2.2 22.5 203 -3.8 567.0 563.2
FTU provides CRS

7C.FTU pays 25% of full
fare for infant ticket, -4.9 6.2 1.3 22 1.2 80 § -3.8 283.5 279.7
FTU provides CRS

Note:  “Diversions to Other Modes™ account for the fatalities and injuries of infants who are diverted.
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EXHIBIT 6-2

Projected Changes in Noninfant Fatalities and Injuries
(Totaled Over 1995-2064)

Scenario. Alr:
. Base Case -- No CRS 0.0
mandate

2. Alr carrier provides

seat at no cost, FTU -0.1 0.3 0.2 -0.1 0.5 0.4 -0.1 13.1 13.0
provides CRS

3. Alr carrier provides
seat at no cost, air -G.1 0.3 0.2 -0.1 0.5 0.4 0.1 13.4 13.0

cartier provides CRS

4, FTU reserves seat at .
no cost on space 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
available basis, FTU
provides CRS

5. FTU pays full fare for
infant ticket, air carrier -18.3 B0.9 626 -28.2 147.1 117.9 -47.0 3,706.7 | 3,659.7
provides CRS

6. FTU pays full fare for

: infant ticket, FTU -18.3 80.9 62.6 -29.2 147 1 117.9 -47.0 3,706.7 | 3.659.7

provides CRS

7A.FTU pays 75% of full

‘ fare for infant ticket, -13.8 61.0 472 -22.0 1108 88.9 -35.5 2,794.5 2,759.0
' FTU provides CRS
, 7B.ETU pays 50% of full

fare for infant ticket, -9.2 40.8 31.6 -14.7 74.1 59.4 -23.7 1,867.3 1,843.6

FTU provides GRS
7C.FTU pays 25% of full

: fare for infant ticket, -4.8 20.5 15.9 T4 37.3 29.9 -11.9 §40.2 928.3
g FTU provides CRS
Note:  “Diversions to Other Modes” account for the fatalities and injuries of noninfants who are diverted. Scenarios

2 and 3 include diversions of bumped passengers.

Federal Aviation Administration 6-5 May 1995
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EXHIBIT 6-3

Projected Changes in All Fatalities and Injuries
(Totafed Over 1985-2004)

mandate

éaée Casge -- No CRS

0.0

Air carrier provides
seat at n& cost, FTU
provides TRS

0.3

-4.6

0.5

131

9.2

Air carrier provides
seat at no cost, air
carrier provides CRS

0.3

0.5

121

9.2

¥l reserves seat at
no cost on space
available basis, FTU
provides CRS

-4.9

0.0

0.0

0.0

FTU pays full fage for
infant ticket, air carrier
provides CRS

-23.3

105.5

82.2

-31.5

191.9

160.4

-50.9

4,836.1

4,785.2

FTU pays full fare for
infant ticket, FTU
provides CRS

-233

105.5

82.2

-31.5

191.9

160.4

-50.9

4,836.1

4,785.2

TA.

FTU pays 75% of full
fare far infant ticket,
FTU provides CRS

-18.8

78.6

60.8

-24.3

144.6

1203

-38.3

36449

3,605.6

7B.

FTU pays 50% of full
fare for infant ticket,
FTU provides CRS

-14.2

531

389

-16.9

86.6

787

-27.5

2,4343

2,406.8

7C.

FTU pays 25% of full
fare for infant ticket,
FTU provides CRS

26.7

17.2

48.6

39.0

157

1,223.7

1,208.0

Note:

Scenarios 2 and 3 include diversions of bumped passengers.
Numbers are rounded and tofals from Exhibits 6-1 and 6-2 may not exactly sum to the above values.

“Diversions to Other Modes” account for the fatalities and injuries of passengers who are diverted.

Federal Aviation Administration

May 1995
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6.2 ANALYSIS OF RESULTS

Exhibit 6-4 summarizes the projected changes in net fatalities and injusies and
the underlying reasons for these changes. Because the study assumed that a CRS
mandate will always increase the safety of infants traveling by air, the values for
fatalities and injuries sustained by infants traveling by air are always negative.
However, these values also incorporate the improvement in air safety resulting from
infant diversions. These diversions “improve” air safety in the sense that infants that no
longer travel by air are no longer subject to an aviation fatality or injury.

EXHIBIT 6-4

Reasons For Projected Changes in Fatalities and Injuries
(Totaled over 1995-2004)

LF&;@Q!I?EQS‘(B){,‘S@Qﬁatl o}

' ;iéjfséng@is, : ‘Rééé'cn‘fo'r'crh'aﬁgja s
: : L . q 1 2 | 3 |- 4 & . & | TA | o

CRS used on airplane 0.0 4.9 4.9 4.9 -1.3 -1.3 -2.2 -3.1 -4.0

infant Decreased Enplanements 0.0 0.0 0.0 00 | 37| 37| 28 48| -09
Diverted to Other Modes 0.0 0.0 0.0 0.0 246 | 246 | 186 12.4 6.2
Net 0.0 -4.9 4.9 4.9 196 | 196 136 7.5 1.3

) Decreased Enplanements 0.0 -0.1 -0.1 0.0 -183 | <183 | -13.8 9.2 4.6

Noninfant Diverted to Other Modes 0.0 0.3 0.3 0.0 80.8 80.9 1 81.0 40.8 205
Net

CRS used on airplane 0.0 2.1
Infant - Decreased Enplanements 0.0 0.0 0.0 0.0 M7t 47| 12| 081 -04
Diverted to Other Modes 0.0 0.0 0.0 0.0 4481 448 | 337 | 2251 112
Net . 0.0 -2.1 2.1 ~2.1 4251 425)| 315| 203 9.0-
Decreased Enplanements 0.0 -0.1 -0.1 0.0 | 202 | -202 | -22.0 | 147 -74
Noninfant Diverted to Other Modes 0.0 0.5 0.5 00 | 1471 | 1471 | 1109 | 741 | 373
et

Mirior Injurlés'(By Scenatlo]

B ﬁa_'é’sfén@éré - ‘Resson for Changs T . T
- N T e 2 3 {.-.4 1 5 . ? A A B

CRS used on airplane 0.0 -3.8 -3.8 -3.7 «1.0 -1.0 1.7 2.4 -3.1

Infant Decreased Enplanements 00 | 00 | 00 | 00 29|, 28] -22[ 14 07

Diverted to Other Modes 00 | 00 | 00 | 00 [1.1203]1,1203| 8505] 567.0 2835

Net 0.0 -3.8 -3.8 -3.7 |1125.4|%,125.4| 8466] 5B3.2| 278.7

Decreased Enplanements 0.0 -0.1 0.1 00 | -4r8l -47.0| -36& =237 119

Noninfant Diverted to Other Modes 0.0 134 13.1 0.0 [RPs7[3,708.7]2,794.5 1,867.31 9402

Federal Aviation Administration 6-7 May 1995
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The results for air travel under Scenarios 2 theough 4 quantify the increased
safety resulting from the use of CRSs alone because ng FTL diversions occur under
these scenarios—Scenarics 2 and 3 display some minor non-FTU diversions because
of bumping. Over the 10-year period, it is projected that a CRS mandate wili prevent
4.9 infant fatalities on airplanes. However, Scenarios 2 and 3 cause a marginal
negative impact on the safety of noninfants traveling by air. Although CRSs do not
directly provide safety benefits to noninfants, the mandate causes diversions (because
of bumping) under these seenarios and effectively reduces the number of noninfant
passengers traveling by air. Thus, Scenario 4 is the most beneficial scenario in terms
of reduced fatalities, preventing a total of 4.9 fatalities (infants and noninfanis) over
10 years. ‘

By contrast, under Scenarios 5 and 6, the greatest number of passenger
diversions occur because the FTUs are reguired to pay the noninfant ticket price for
infants. The high volume of passenger diversions transiates to more passengers using
ground transportation modes with much higher accident fatality and injury rates than
aviation. Under both scenarios, 1.2 infant fatalities in aviation accidents will be
prevented because of CRS use and 3.7 prevented because of diversions, but the
higher fatality rates of the other modes will cause 24 .6 infant fatalities. Therefore, the
net impact to infant fatalities is 19.7 infant lives lost. Similarly, 62.6 additional noninfant
fatalities wil! occur over the 10-year forecast period if air carriers charge the noninfant
fare for infant tickets. The total of 82.2 additional passenger fatalities projected for
1995 through 2004 under these two scenarios makes them the worst in terms of safety
impact. The bottom line is that the net fatalities (and injuries) will increase Iif air carriers
charge for infant tickets to accommodate CRSs.

Scenarios 7A, 7B, and 7C resulted in fatality increases between the minimum
value of 4.9 prevented fatalities and the maximum value of 82.2 additional fatalities
discussed above. The exact values depend on the fraction of the adult fare that an
infant ticket would cost, which resuits in varying numbers of diversions to other
transportation modes. For example, if the results of Scenarios 7A, 7B, and 7C are
reviewed in that order, the number of infant fatalities caused by diversions to other
transportation modes decreases from 13.6 to 7.5 to 1.3 as the infant ticket price
decreases from 75 percent to 50 percent to 25 percent of the noninfant ticket fare.

Exhibit 6-4 shows that the same general frends and explanations are also true
for the major and minor injuries sustained over the 10-year period. Scenario 4 results in
2.1 major infant injuries and 3.7 minor infant injuries projected to be avoided through
the use of CRSs. On the other hand, under Scenarios 5 and 6, passenger diversions
hecause of increased infant ticket prices result in infants sustaining an additional
42.5 major injuries and 1,125.4 minor injuries.

Federal Aviation Administration 6-8 May 1995
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6.3 SENSITIVITY ANALYSIS

Analyzing the effects of changes in the values of input parameters on fatalities
and injuries is important. Improved fravel safety is the objective of increasing CRS use
and it is important to determine the relative influence of parameters affecting the
accuracy of the results. This section discusses the results of the sensitivity analysis
pertaining to fatalities. The following input parameters were varied and the resulting
impact on the number of fatalities and injuries was evaluated: : '

. Number of diverted passengers who forego travel
. Percent of FTUs who must buy a CRS

s Automobile fatality rate

. Initial price elasticity of demand.

The effect of reducing the scope of mandatory CRS use to part 121 air carriers is
discussed in the next section. These effects are due in large part to the differences in
aviation fatality and injury rates between part 121 and part 135 air carrier operations.

In analyzing safety impact results, two scenarios represented the best and worst
outcomes. Scenario 4 represented the best case (least change in fataiities and R
injuries); Scenario 6 represented the worst case. Under Scenario 4, no diversions
occur, so only the last parameter (infant enplanements) is pertinent to this analysis.
The results from varying the above three parameters under these scenarios are shown
in Exhibit 6-5. AR ' '

The number of fatalities is sensitive to changes in the number of diverted
passengers who decide fo forego travel. A 10 percent decrease in this parameter
increased the number of fatalities by 42.1 percent under Scenario 6 because those
travelers who do not forego trave! usually choose to travel by automobile and other
transportation modes. Traveling by other modes significantly increases the number of
fatalities because travelers in those other modes experience high fatality rates; '
passengers who forego travel are assumed in the analysis to have 1o fatality rate.
When the number of passengers in this group is reduced by 10 percent, almost ali of '
that 10 percent is transferred to automobile travel, which has a much higher fatality -
rate. The opposite is true for an increase in the number of diverted passengers who
decide to forego travel. if more of these passengers decide to cancel their trip, the
number of people who risk being involved in a transportation-related accidentJs .«
significantly reduced. ' :

Federaf Aviation Administration - 69 May 1965
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EXHIBIT 6.8
Sensitivity Analysis for Fatality Impacts
§cs sirailo 4 - Scenia‘ri(ﬂwjls.‘. S
Ch . | ExURes Seat © FTU Pays Full
Parametes: ange in. U ReSAIVeS S8at | Eare farinfant
- ~ Parameter Value atmo Cost FTU 1 TiekstFTU
Provides CRS-  ProvidesiCRS
Number of diverted 0% 0.0 % +42 1%
passengers who forego
travel +10% 0.0% ~42.2%
Percent of FTUs who +5% +46.1% | +2.5%
must buy a CRS ; ;
+10% +92.2% +5.0%
Autompbile Fatality ] -10% 00% -12.8%
Rate
+10% 0.0% +12.8%

The percent of FTUs that must buy a CRS produced a large change in fatalities
under Scenario 4 but not under Scenario 6. In Scenario 6, the change in fatalities
results from noninfant passengers who are bumped by infants. Also, the only costs to
the FTUs are the noninfant tickets they purchase. Changing assumptions about the
need to purchase CRSs greatly impacts the family travel cost in scenario 4; therefore, it
causes a significant amount of FTU diversion. Diversion resulis in increased fatalities
related mostly to automobile travel.

The number of fatalities was also sensitive to variations in the automobile fatality
rate. As this parameter was changed by 10 percent, the number of fatalities changed
by 12.8 percent. This occurs because a 10 percent increase to the automobile fatality
rates for infants and noninfants increases the number of automobile fatalities by
10 percent. Bus and rail fransportation fatalities are insignificant contributors to the
total fatalities and do not need to be considered in this discussion (although they are
included in the analysis). However, when automobile fatalities are combined with
aviation fatalities prevented by CRS use, the net fatalities are reduced. Because of this
reduction of the {otal fatalities, the 10 percent increase from the automobile contribution
increases to a 12.8 percent effect.

Federal Aviation Administration 6-10 May 1995
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Although this outcome seems counterintuitive, it is correct. The prevented
aviation fatalities remain constant (and are always a negative number); only the
automobile fatality rates are varied. A 10 percent increase in the automobile fatality
rate causes the number of automobile fatalities to increase by 10 percent. However,
when the prevented aviation fatalities are subtracted from the automobile fatalities, the
net increase to fatalities is greater than 10 percent. The following example illustrates
this relationship:

10% Increase in
Base Case Automobile Fatality Rate

Aviation fatalities: -23 230
Automobile fatalities: 105 115.5
Net fatalities: 82 92.5

The pércentage increase in net fatalities resulting from a 10 percent increase in
the automobile fatality rate is calculated as follows: (92.5-82)/82 = 12.8 percent.

Changes in infant enplanements as a percentage of total enplanements are not .
_listed in Exhibit 8-5 because they produced the smalilest changes in the number of
fatalities for both Scenarios 4 and 6. Net fatalities varied in direct proportion to changes
in infant enplanements. As the ratio of infants to total passengers increases, more
families are affected by the additionat cost of infant tickets, and more families divert to
automobile travel. Higher fatality rates for automobiles cause a larger number of total
fatalities.

Price elasticity was not one of the parameters to which fatalities and injuries
were most sensitive. For any price elasticity estimate the same relationship will remain
among scenarios—Scenarios 5 and 6 will still result in the greatest number of fatalities
and injuries and Scenario 4 will have the fewest. Also, the purchase of the infant ticket
will remiain the largest cause of diversions. To explore the impacts of changing from an
elastic to unitary to inelastic demand, an expanded sensitivity analysis was performed
for the price elasticity parameter. Exhibit 6-6 shasvs the results of the sensitivity
analysis.

Federal Aviation Administration 6-11 ‘ May 1995
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EXHIBIT 65
Prlce Elasticity of Demand Sensitivity Analysis
Net Fatalities (Totaled over 1995-2004)

Senrari - | Baseiina“ o liital P&!‘Eﬁ’
canaria ‘ Price! Elasticities. Eiastnmties Sek: to WG
. o~ o : 0 ' 0
1. Base Case: No CRS mandate

2. Air carrier provides seat at no cost,
FTU provides CRS o ~4.6 4.6 46

3. Air carrier provides sea at no cost, |

air carrier provides CRS 4.6 -4.6 -4.6
‘l 4. FTU reserves seat at no cost on space _ .
o available basis, FTU provides CRS 49 49 49
5. FTU pays full fare for infant ticket, : )
B air carrier provides CRS 82.3 50.4 39.4
b : .
i ]
1 6. FTU pays full fare for infant ticket,
‘ FTU provides CRS 82.3 50.4 39.4
7A. FTU pays 75% of full fare for infant )
s ticket, FTU provides CRS : 60.8 38.6 28.4
i 7B. FTU pays 50% of full fare for infant
ticket, FTU provides CRS - . 39.0 22.9 17.4

7C. FTU pays 25% of full fare for infant
- kicket, FTU provides CRS

LR

See Exhibit 2-5 for baseline price elasticity estimates,

** These point elasticities characterize the initial point on the linear dermnand curve. As the cost to
FTUs increases, the demand becomes more elastic. Section 2.2.2 and Appendix G provide further

discussion of the properties of demand elasticities. :

A

i3
e
i

Results of Scenarios 1, 2, 3, and 4 are not affected by changes in the price
elasticity because there are no increased costs to FTUs. As the price elasticity
estimate is decreased from that used in this analysis (weighted average of -1.6) to
unitary elasticity (-1.0) to an inelastic value (-0.8), net fatalities decrease for Scenarios
5,6, and 7. More families continue to travel by air and the net fatalities are reduced
because the FTUs’ sensitivity to changes in price decreases.

Federal Aviation Administration 6-12 May 1995
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6.4 EVALUATION OF LIMITING CRS MANDATES TO LARGE COMMERCIAL
CARRIERS (PART 121) . -

This study generally assumed that a CRS mandate would apply to all air
carriers—regularly scheduled operations under FAR parts 121 and 135. Thisis
consistent with existing regulations regarding the permitted use of CRSs and the FAA's
current effort to assure the leve! of safety for ali commercial air passengers. However,
it is possible that CRS use requirements could be limited to only part 121 operations.

To isolate the safety impacts of a CRS mandate on part 121 air carriers, the
safety analysis was modified. All part 135 commuter air carrier operations,
enplanements, and accident data were removed from the database, so that only part
121 data remained. The fatality and injury results from this analysis are presented in
Exhibit 6-7 for infants, Exhibit 6-8 for noninfants, and Exhibit 6-9 for the net effect.

| EXHIBIT 6-7 |
Projected Changes in Part 121 Infant Fatalities and Injuries
(Totaled over 1985-2004)

Infant Fatalitles - . Infant BajorInjurias T ntEnt MingrEn)d
Diversion ’ ‘Diverslon- |, et k . “Diverslon:
(Wt ey | ot

Scanarlo 1 ar | ‘toOther Nt L ) to.Other {: ‘
) . Modes Chang.a ; iodes | Ghange Modu

1. Base Case: No CRS mandate 0.0 0.0 0.0 0.0 0.0 00 - 0.0 0.0 1X4]

2. Ajr carier provides seal at 44 0.0 -1.4

-0.6 0.0 0.4 -1.6 0.0 -1.6
no cost, FTL provides CRS

3. Air carrier provides seat at : -
no cost, air carrer provides 14 0.0 -4 -08 0.0 06 | -16 0.0 A6 §
CRS

4. FTU reserves seat at no cost )
oh space available basis, -1.3 0.0 -1.3 0.6 G0 -0.6 -1.6 0.0 1.6
FTU provides CRS

5. FTU pays full fare for
infant ticket, air carmier -1.4 225 21.4 -0.8 40.9 40.3 -1.7 1,030.4 1,028.4

provides CRS

6. FTU pay-'s full fare for infant

ticket, FTU provides CRS -i4 225 211 -0.8 40.9 40.3 -1.7 1,030.1 1,028.4

7A. F¥d-pays 75% of full fare

for infant ficket, FTU 1.4 16.9 155 06 . 308 302 A7 7758 7744
provides CRS

____________ nwﬂ-mw—'_un—-‘- R ST N — Tl el fnal il St
7B. FTU pays 50% of full fare
for infant ticket, FTU 14 113 9p 06
provides CRS

205 18.9 -7 517.2 516.5

. FTl4 pays 25% of full fare
for infant ticket, FTU
i S

The number of infant fatalities presented in Exhibit 6-7 (part 121 data) and those
presented in Exhibit 8-1 (part 121 and part 135 data) differ. When part 135 data were
removed from the analysis, the maximum prevented infant fatalities decreased from 4.9
(Scenarios 2, 3; and 4) fo 1.4 {Scenaries 2 and 3). The universal use of CRSs on part

Eederal Aviation Administration . 6-13 ' ' May 1995
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121 aircraft encompasses a majority of FTUs and air carrier retated costs but prevents
only about one to two infant fatalities over a ten-year period. Scenarios 5 and 6
resulted in the maximum number of infant fatahtiesmthe number increased from 19.6
(Exhibit 6-1) to 21.1 (Exhibit 6-7).

Two factors caused these results. First, the maximum number of prevented
infant fatalities decreased because the infant air fatality rate, with CRS, based on the
analysis outlined in Section 2.2.2 decreased from 0.718 to 0.364 fatalities per 10 million
enplanements and, for infants not using CRSs, the infant air fatality rate decreased
from 1.616 to 0.636 per 10 million enplanements. The reduction in the fatality rates is a
result of removing the part 135 data, which decreased the number of prevemtable infant
fatalities from 5 to 3. A lower fatality rate for infants traveling by air results in fewer
infant fatalities that could have been prevented in aviation without any accompanying
change in fatality rates in other modes of transportation. Second, the maximum
number of infant fatalities also decreased because pait 135 enplanements were
removed from the analysis, resulting in fewer passengers diverting to other modes of
transportation. The same general relationship holds for major and minor injuries.

The number of prevented infant fatalities decreases from Scenario 5to 6 to 7.
Exhibit 6-7 shows a constant value of -1.4 (prevented) fatalities for these scenarios
because the values are rounded to one decimal place. For example, the actual values
are -1.393 for Scenarios 5 and 6, -1.383 for Scenario 7A, -1.373 for Scenario 7B, and -
1.362 for Scenario 7C.

Federal Aviation Administration 6-14 May 1995
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EXHIBIT 6-8 :
Projected Changes in Part 121 Noninfant Fatalities and Injuries
(Totaled over 1996-2004)

. Nonlnfant Faualities |

' _Mér;lﬁﬁﬁténjéjhr\lﬁ]uhur

Sconado .

. Base Case: No CRS mandate

2. Air camier provides seat at
no cost, FTU provides CRS 0.0 03 | 0.2 0.0 05 .05 -0.0 11.9 1.9
5

3. Al carrier provides seal at

EO csosl, air carrier provides 0.0 0.3 0.2 -0.0 0.5 0.5 00 11.9 11.9
R .

4_ FTU resarves seat at no cost

on space available basis, 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0
FTU provides CRS . 5

5. FTU pays full fare for
infant ticket, air carrier -1 73.8 66.7 -5.4 134.2 1288 -17.2 3,381.1 3363.9
provides CRS

6. FTU pays full fare for infant
ticket, FTU provides CRS -TA 738 68.7 5.4 134.2 128.8 -17.2 338114 3,363.9 #

| TA. FTU pays 75% of full fare
for infanl ticket, FTU
provides CRS

78, FTU pays 50% of full fare
for infant ticket, FTU
provides CRS

53 556 50.3 - 4.4 101.2 97.1 -13.0 2,549.0 2,536.0

-3.6 372 | 3386 2.7 676 B4.9 8.7 1,703.3 1,694.8

7C. FTU pays 25% of full fare
for infari ticket, FTU
provides CRS

| Exhibit 6-8 shows the impact to noninfant fatalities and injuries when part 135
data were removegd. The pattern is similar to that of infant fatalities. The minimum
number of projected noninfant fatalities in Scenario 4 is zero because this scenario has
no diversions—the same result given in Exhibit 6-2. The maximum number of noninfant
air fatalities decreased from -18.3 (Exhibit 6-2, Scenarios 5 and 6) to -7.1 (Exhibit 6-8,
Scenarios 5 and 8). This decrease is caused by the noninfant air fatality rate decrease
from 1.480 to 0.628 per 10 million enplanements when part 135 data were removed.

=
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- EXHIBIT 6-8
Projected Changes in Part 121 All Fatalities and Injuries
{Totaled over 1995-2004)

. YowtFadlies . | TowfMajorinjidles  + -|* | Total Binortijuiés:
[ T : .| Diversian E | Diversion | et -Diverslon
2 AR | e Otier .cN“ftf 1 ar | ioOther | c.‘.el” | oA ¥ oG
b e S Hodee | Chenge | Mo | CEe@e] | W
1. Base Case: No CRS mandate 0.0 0.0 0.0 D.0 0.0 0.0 0.0 0.0 0.0
2. Air carrier provides saat at o
no cost, FTU prevides CRS -1.4 3 -1 -0.6 0.5 =01 -1.7 119 102
3. Alr carrier provides seat at
no cost, air carrier provides 1.4 03 -1 086 05 1.1 1.7 11.9 10.2
CRS
4. FTU reserves seat at no cost
on spaca available basis, -1a 0.0 13 0.6 0.0 06 1.8 0.0 18
FTU provides CRS
5. FTU pays fuli fare for
Infant ticket, air carrier -85 96.3 878 60 175.0 168,0 -18.9 44313 | 43924
provides CRS |
8. FTU pays full fare for infant
ticket, FTU provides CRS 8.5 96.3 are 6.0 175.0 168.0 -13.9 44513 4.392.4
7A. FTU pays 75% of full fare \
far infant ticket, FTU
provides CRS 8.7 726 65.9 4.7 131.9 127.2 ~-14.6 33247 33101
7B. FTU pays 53% of full fare
for infant ticket, FTU
provides CRS 4.9 48..5 436 -33 88.1 848 ~103 22205 2,210.2
7C. FTY pays 25% of fuITfa'r; - ) B N - :
B e FTU 32 244 212 20 443 23 60 11162 | 11102

Exhibit 6-9 summarizes the net impact to infant and noninfant fatalities and
injuries when part 135 data were removed from the analysis. Scenario 4 remains the
most beneficial scenario—the greatest number of fatalities and injuries are prevented.
In Scenario 4, the number of prevented fatalities decreases by approximately
75 percent from 4.9 to 1.3 as a result of the decreased fatality rates and the decreased
number of enplanements and air carrier operations. - '

The number of fatalities and injuries is greatest in scenarios 5 and 6. When part
135 data were removed, the number of fatalities and injuries under these scenarios
increases. This is because the number of enplanements only decreases by
approximately 10 percent, so there are still significant diversions, and the fatalities
resulting from other modes of transportation remain relatively high. Additionally, the air
transportation fatality rates decrease by more than 50 percent; therefore, there are
fewer prevented infant fatalities in air transportation.

Federal Aviation Administration 65-16 May 1985
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7. FINDINGS—ECONOMIC IMPACT ON AIR CARRIERS

This chapter documents the economic impact of a potential CRS mandate on air
carriers. Although the primary intent of such a mandate is to increase the safety of
infants traveling by air, compliance with such a regulation will inevitably affect air
carriers economically.

Air carriers may experience changes in their costs and revenues resulting from
the mandatory use of CRSs. Potential cost increases are the result of:

« Purchase and maintenance of CRSs, projected to cost up to $10.1 million
over 10 years; this cost was derived from recurring and nonrecurring CRS
costs described in Section 2.2.2 -

= |nitial modification and continuous maintenance of reservation systems,
projected to cost up to $60.0 million over 10 years. (A detailed discussion of
this cost is in Section 2.2.2.) ‘

If air carriers elect to charge the adult fare for those seats used with a CRS,
potential air carrier revenue changes include:

- Revenue gains from charging for infant tickets, projected to be an additional
$201.46 per round trip. This projection totals a maximum of $1.1 billion over
10 years.

« Revenue losses from diversions of families with children. This projection
totals a maximum of $6.3 billion over 10 years, with minor revenue losses
from displaced non-FTU passengers. '

- Net revenue losses could be $5.2 billion over 10 years (or $3.6 billion present
value). However, air carriers are expected to charge for infants only with the
possibility of minimal passenger diversions and no net loss of revenues.
Those charges would occur during peak travel seasons and peak periods of
the day. FTUs may be offered significant infant fare discounts or free infant
passage during off-peak periods.

The above economic impacts cannot be directly aggregated because the cited
“values occur under different scenarios. The analysis determined that the economic
impacts on air carriers were likely to be adverse under all scenarios evaluated. The
most beneficial outcome for the air carriers occurred when air carriers guaranteed
aircraft seats for infant use at no cost and FTUs provided their own CRSs. Under this
scenario, the NPV of incurred loss by air carriers was $28.4 million.

Federal Aviation Administration 7-1 . May 1995
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7.1 RESULTS

Exhits#t 7-% summarizes the revenue and cost impacts for each of seven
scenarios (as defined in Section 2.2.1); these results present average annual impacts.
The NPVs were also computed so that the effects of the CRS mandate overthe 10-
year time period (1995 through 2004) could be examined.

EXHIBIT 71

Projected Changes in Air Carrier Economic Impact—1995 Dollars
{Averaged over 1995-2004; Millions of Dollars)

Annual Eedrtomilc impact ' . - " L
] Gost lmo " ~ Revenue Impact i Annual Net Impact Lifa. Cycle Cost
S woBt Impac : g 1985 Dollars HPV):
- “Scenario (i8¢ Doltars) (1995 Dollars) \ ) ey
/1. Basae Case -- No CRS mandate $a $0 ) $0 %0
2. Air carrier provides seat at $0 -$4.1 -$4.1 $28.4
no cost, FTU provides CRS
3. Air carrier provides seat at
no cost, air carier provides $1.0 $4.1 5.1 $35.4
CRS
4. FTU reserves seat al no cost .
on space available basis, FT1) $6.0 $0 -§6.0 -$42.3
provides CRS
5. FTU pays full fare for infant
ticket, air carrier provides $1.0 -$520.5 -$52¢.5 -$3,803,
CRS
6. FTU pays full fare for infant o K . i}
ticket, FTU provides CRS $ 35205 $320.5 $3,596.2
TA. FTU pays 75% of full fare . .
for infant ticket, FTU $0 -$337.9 -$337.9 -$2,334.9
provides CRS
7B. FTU pays 50% of full fare . .
for infant ficket, FTU 30 -$189.7 -5189.7 : -%$1,311.0
provides CRS
7C. FTU pays 25% of full fare - -
for infant ticket, FTU $0 -%78.5 -$78.5 -$542.2
provides CRS .

7 ra1as008

Generally, the economic impact of a CRS mandate on air carriers varies widely
across the scenarios considered and is primarily driven by the extent to which costs of
complying with such a mandate are absorbed by the air carrier industry. The findings
indicate that Scenario 5 results in the greatest economic impact on air carriers—an
average annual loss of $522 million or an NPV loss of $3.6 billion. The impact under
Scenario 6 is almost identical to Scenario 5, except for the added cost of air carriers
providing the CRS under Scenario 5.

Federal Aviation Administration 7-2 May 1895
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By contrast, the financial burden to air carriers associated with Scenarios 2, 3,
and 4 is much less, with average annual costs ranging from $4 million to $6 million and
NPVs from $28 million to $42 million. The annual impacts of Scenarios 7A, 7B, and 7C
change from $338 million to $79 miltion (with the NPV decreasing from $2.3 billion to
$542 million) as the amount that a family must pay for an infant decreases from 75
percent to 25 percent of the full fare.

This overall economic effect comprises both cost and revenue impacts. Air
carriers incur about $1 million in annual expenses under Scenarios 3 and 5; these costs
increase to $6 million under Scenario 4. The annual revenue losses experienced in
each scenario, ranging from $0 under Scenario 4 to $521 million under Scenarios 5 and
6, when added to the costs cause significant negative economic impacts fo air carriers.
The next section explains the variations in these results. .

7.2  ANALYSIS OF RESULTS

interpreting the results of the economic impact analyses requires an
understanding of the underlying reasons for these results. Therefore, it is necessary to
examine the projected revenue and cost impacts to air carriers. Exhibits 7-2 and 7-3
summarize these total impacts and their fundamental causes for all scenarios. All the
results are presented relative to the base case (Scenario 1). :

Exhibit 7-2 indicates that revenue losses may be significant if air carriers charge
infant air fares. In Scenarios 5 and 6, which result in the greatest economic impact, the
loss of revenues from passengers diverting to other modes of transport amounts to
$6.3 billion over the 10-year period. On the other hand, total revenues received as a
result of charging the FTUs for the infant seats are only $1.1 billion.

Although the most adverse economic impact to the air carriers occurs under
Scenario 5, Scenario 6 can potentially become the worst-case scenario. Currently, this
scenario assumes that all the FTUs will provide their own CRSs. [f this assumption is
relaxed—that is, all FTUs may not necessarily own CRSs, then requiring the FTUs to
bring their own CR3s will cause additiopsh diversions because some FTUs who do not
own CRSs will forego air travel rather than purchase them. This variable may cause
the loss in revenues to increase significantly and make Scenario 6 the worst case.

Scenario 4 has no associated revenue impacts. Under this scenario, the air
carriers provide traveling infants a seat only if one is available (that is, if the flight is not
completely booked); FTUs provide their own CRSs. Because 0o passengers will divert
to other modes of transport and no opportunity cost results from bumping adult
passengers, air carriers do not lose any revenues under this scenario.

For Scenarios 2 and 3, air carriers do not lose any revenues from FTU diversions
because they provide each traveling infant a seat at no cost to the FTUs. However, in
providing these seats, air carriers will actually lose some revenues because infants will
occasionally displace other noninfant paying passengers.

Federal Aviation Administration 7-3 ‘ May 1995
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EXHIBIT 7-2

Reasons for Projected Changes In Air Carrier Revenue Impacts—1996 Dollars
{Totaled Over 1995-2004; Millions of Dollars)

) Reason jor Change Lo . T
Sconario |'Deera 5'5:*"‘;‘4“ FTU D.:,‘ﬁﬂf;—"r‘if - Chage'tor, I ‘Nét"".c‘l_ia;ﬁge : Ne
- 7 - Enplanements | gyanaments | infentTicket, . - © 7 !
i. Base Case — No mandate 50 $0 $0 50
2, Air carrier provides seat at $0 EYIRS ) ‘ $0 5411
no cost, FTL provides CRS
3. Air carrier provides seat at
ro cost, air cagrier provides $0 -$41.1 30 -$41.1
CRS :
4, FTU reserves seat at no cost
on space available basis, FTU $0 $0 $0 50
provides CRS '
5. FTU pays full fare for infant ‘
ticket, air carrier provides -$6,296.3 $0 §1,001.8 -$5,204.6 -$3,506.2
CRS
6. FTU pays fuil fare for infant
sicket, FTU provides CRS -$6,296.3 %0 $1.091.8 -$5.204.6 -§3,508.2
TA. FTU pays 75% of full fare .
forin?a:t ticka;, FTU $4,735.3 -$4.7 $1,360.7 $3,379.2 -$2,334.9
provides CRS )
7B.FTU pays 50% of full fare
for infant ticket, FTU . -$3,156.9 -$13.0 $1,2725 -31,807 .4 -$1,311.0
provides CRS )
75, FTU pays 25% of full fare
for infant ticket, FTU -$1,578.4 -$25.2 $819.0 $784.7 -$542.2
provides CRS

110113498

Under Scenarios 7A, 7B, and 7C, air carriers lose revenues because of both
passenger diversions and the displacement of paying passengers. The magnitude of
these losses depends on the propaortion of the adult fare that an FTU must pay for an
infant—as this proportion increases, the losses from diversions continue to increase. In
each of these scenarios, this loss of revenue is partially compensated by the revenues
gained from the amount charged for the infants’ tickets. However, from the air carriers’
standpoint, each of these scenarios causes substantial adverse economic impact.

There could be times, such as blackout periods or the holiday season, when air
carriers could charge for infants without causing significant passenger diversion.
Demand for air travel increases considerably during the holidays. Given the short time -
frame and limited transportation options, travelers may be less sensitive to price
increases. That is, their price elasticity of demand may become more inelastic during
this time period.

Exhibit 7-3 shows that, under Scenarios 3 and 5, air carriers would spend about
$10 million to acquire and maintain CRSs from 1995 through 2004 to provide CRSs for
traveling infants at no cost to the FTUs. Furthermore, during this time period under
Scenario 4, air carriers will spend almost $60 million to modify, upgrade, and maintain

Federal Aviation Administration 7-4 May 1995
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their computerized reservation systems to keep up-to-date records of all enplaned
infants—a feature that these systems do not currently provide because they are not
required to do so.

The potential revenue losses from charging infant air fares far outweigh the cost
of providing CRSs or modifying the reservation system. From the air carrier point of
view, Scenario 2 is most beneficial because it results in the least adverse economic
impact. The economic impact of mandatory CRS use on air carriers depends more on
whether air carriers decide to charge for seats occupied by infants and less on the

direct cost incurred by air carriers for purchasing and maintaining CRSs and modifying
reservations systems.

EXHIBIT 7-3

Reasons for Projected Changes In Air Carrier Cost Impacts—1995 Dollars
(Totaled Over 1995-2004; Millions of Dollars)

Reason for Change
Seenario ) * Provide Infant | wetChange
Provide CRS Reservation
1. Base Case - Mo mandate $0 50
2. Air carier provides seal at 0 50
' no cost, FTU provides CRS
3. Air carmier provides seat at ro $101 $0

cost, air camier provides CRS

4. FTU reserves seat at no’
cost on space avallable $0 $60.0
pasis, FTU provides CRS

L

5. FTLU pays full fare for
infant ticket, air cartier $10.1 $0
provides CRS

6. FTU pays full fare for infant %0

: . 30
ticket, FTU provides CRS

7A. FTU pays 75% of fuli fare
for infant ticket, FTU $0 $0

provides CRS
7B. FTU pays 50% of full fare
for infant ticket, FTU - %0 $0
provides GRS
__________________________ o e D A e e mar wm e =
7C. FTU pays 25% of full fare
for infant ticket, FTU 0 0
provides CRS
G A

Federal Aviation Administration 7-5 May 1995
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7.3 SENSITIVITY ANALYSIS

Fluctuations in the cost and revenue irhpacts associated with variations in each
of the input parameters were examined and analyzed. The following input parameters
were varied and the resulting changes to air carrier economic impacts were evaluated:

. Infant enplaeements as a percentage of total enplanements
. Percent of FTUs who must buy a CRS
e Initial price elasticity of demand.

in examining the changes in air carrier passenger volume and air carrier
economic impacts, two scenarios were considered. Scenario 2 represented the best
case (least adverse economic impact); Scenario 5 represented the worst case. Exhibit
7-4 shows results from varying the above latter two parameters for these two scenarios.

EXHIBIT 7-4
Sensitivity Analysis for Air Carrier Economic Impact
' | Change in | R
. : - Scenario 2 ) Scenario§
Parameter Parameter | air Carrier Provides | FTU Pays Full Fare -
Seat atno Cost, | forInfant Ticket -
. FTU Provides CRS | Carrier Provideés CRS’
Infant enplanements as -10% -19.9% C 100%
a percentage of total
enplanements +10% +21.3% +10.0%
Percent of FTUs who +5% 0.0%
must buy a CRS +10% y

11.013.94-40

The change in NPV is sensitive to the change in infant enplanements as a
proportion of total enplanements, with a +10 percent variation causing the net economic
impact to vary +10 percent for Scenario 5. Because it is assumed that each FTU has
exactly one infant, as the ratio of infants to total air passengers increases, the number
of FTUs will increase by that same percentage and so will the diversions for this
scenario. By contrast, this variation in infant enplanements causes the net economic
impact under Scenario 2 to fluctuate by a much larger amount—about 20 percent.
Scenario 2 results in a relatively small number of diversions—all a consequence of
bumping. As the percentage of infants increases, these diversions increase
significantly. This large increase to a small base number of diversions causes a
relatively higher change in the NPV,

Varying the percentage of FTUs who must buy a CRS produced diverse results.
A significant impact to air carrier NPV occurs under Scenario 2 because the CRS is the

Federal Aviation Administration 7-6 May 1995
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only additional cost to the FTUs; therefore, it causes a large number of diversions and
results in a decrease in air carrier NPV. The additional CRS cost to FTUs is minor
relative to the infant ticket costs. As a result, there was no change in NPV under
Scenario 5 because the additional passenger diversions were rminimal.

The change in NPV resuiting from changes in the price elasticity of demand is
shown in Exhibit 7-5. When the FTU price elasticities are assumed 1o be in the elastic
range (less than -1.0), Scenarios 5 and 6 will still result in the greatest economic impact
to air carriers: the least impact will be under Scenario 2. Also, the infant ticket cost wiil
remain the largest cause of passenger diversions.

EXHIBIT 7-5
Price Flasticity of Demand Sensitivity Analysis

NPV of Air Carrier Economic Impact—1985 Dollars
(Totaled Over 1985-2004; Millions of Dollars)

1. Base Case - No CRS mandate 0 0 . Q
2. Alr carrier provides seat at no cost,
FTU provides CRS -$28.4 : -528.4 ) .$28.4
3. Ajr carrier provides seat at no cost,
air carrier provides CRS -$35.4 -$35.4 -$35.4
4. FTU reserves seat at no cost on space ‘
available basis, FTU provides CRS -$42.3 -$42.3 -$42.3
5. FTU pays full fare for infant ticket, _
air carrier provides CRS -$3,603.1 -$1,283.9 -$474.8
6. FTU pays full fare for infant ticket,
FTU provides CRS -$3,596.2 -51,277.0 -3467.9
7A. FTU pays 75% of ful fare for infant
ticket, FTU provides CRS . 32,3340 -$722.9 -§i64.5
________________________________________ o
7B. FTU pays 50% of full fare for infant
ticket, FTU provides CR3 -51.311.0 -$330.2 $9.9
7¢. Fr@¥pays 75% of full fare for infant
ticket, FTU pravides CRS -$542.2 5987 $55.2

* See Exhibit 2-5 for baseline price elasticity estimates.
** These point elasticities characterize the initial point gn the linear demand curve. As the cost to FTUs

increases, the demand becomes more elastic. Section 2.2.2 and Appendix G provide further
discussion of the properties of demand elasticities.

Federal Aviation Administration -7 May 1995
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As the initial point price elasticity estimates are reduced from the bassimevalues
(with a weighted average of -1.6), to unitary etesticity (-1.0) to an inelastic value (-0.8),
the NPV of air carrier ecaemic impact is unchanged for Scenarios 1, 2, 3, and 4.
There are no FTU costs underthese four scenarios; therefore, varying the price
elasticity does not cause diversion or have an impact on air carrier revenues. There is a
minor impact to revemres caused by infants bumping noninfants in Scenarios 2 and 3,
but it is too small to be shown at the level of accuracy in Exhibit 7-5.

Scenarios 5 and 6 result in desssasing air carrier economic impacts as the initial
point elasticity estimates are reduced. The lower elasticities mean fewer diversions,
which reduces revenue losses to air carriers. Although the revenue losses decrease
under Scenarios 5 and 6, the impact to air carrier NPV remains significant. For
example, an elasticity of -0.8 results in economic impacts ranging from $468 mitfion to
$475 million. As previously discussed, the primary reason that reduced initial point
elasticities of -1.0 or -0.8 show economic losses is that on a linear demand curve the
elasticity varies significantly over the curve. The results show that even though this
initial point elasticity is unitary (-1.0) or inelastic (-0.8), the curve becomes elastic (more
negative than -1.0) with increased FTU fares.

Air carrier costs estimated in this study are based on the assumption that
virtually no families today are paying fares to assure the availability of passenger seats
in which to install CRSs. To the extent that some FTUs may be paying for such
seats, air carrier revenue losses due to diversion and bumping are overestimated. No
adequate data exist concerning this issue. Anecdotal evidence supports the view that
relatively few families purchase seats for their infants. The impact of this factor on
airline revenue estimates would be linear. For example, if 10 percent of FTUs currently
purchaser passenger seats, then FTU travel cost increases and air carrier revenue
losses due to diversion and bumping would be reduced by 10 percent from values
shown in the tables.

Federal Aviation Administration ' 7-8 May 1995
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8. SUMMARY OF FINDINGS

This chapter summarizes the overall findings of the CRS benefit/cost analysis.
The safety and economic impacts for the seven scenarios are presented in Exhibit 8-1.

EXHIBIT 8-1
Summary of Findings

Changs in FTU Change NPV of Alr Carver | nNPV of FTU
Scenarlo Alr Passenger Change In in Economic Impects] Alr Travei Gost
Voluma Total Total {in #Rilllons {in MHHons
{Annual Average) Fatalitles Injurles® of Doliarsy’ of Doliare)*
1, Base Case -- No CRS mandate 0.0% 0.0 0.0 $0 50
2. Air carrier provides seat at no :
cost, FTU provides CRS 0.0% -4.6 7.5 -$28.4 30
3. Air carrier provides seat at no N
cost, air carrier provides CRS 0.0% 4.6 7.5 -$35.4 $0
4. FTU reserves seat at no cost ony
space available basis, FTU 0.0% 4.9 58 L5423 0
provides CRS " ) 34 50
5. FTU pays full fare for infant :
ticket, air carrier provides CRS -73.4% 82.2 4,945.6 -$3,603.1 $754.4
5. FTU pays full fare for infant
ticket, FTU provides CRS -73.4% 82.2 4,845.6 -$3,596.2 $754.4
TA. FTU pays 75% of full fare for
infant ticket, FTY pravides -55.4% 60.8 3,725.8 -$2,334.9 $940.2
CRS ’
7B. FTU pays 50% of full fare for
infant ticket, FTU provides CRS -36.9% 38.9 2,486.5 -$1,311.0 $879.3
7C. FTU pays 25% of full fare for
infant ticket, FTL provides GRS -18.5% 17.2 1,247.0 -§542.2 $565.9

110130451

« Totaled over 1995 to 2004: NPV in 1995 dollars

FTU passenger volume is the main factor for determining economic impacts to
air carriers and the number of fatalities and injuries. The most significant factor
affecting FTU passenger votume is the number of diversions from air travel. These
diversions are a result of increased costs experienced by FTUs. Scenarios 5 and 6
result in the most diversions because #¥fant ticket prices in these scenarios equal ticket
prices for noninfants. Scenarios 7A, 7B, and 7C display varying numbers of diversions
based on the relative increases in infant ticket costs. There are no FTU diversions
under Scenarios 2, 3, and 4 because there are no costs to FTUs. Some diversion of
non-FTUs occurs in Scenarios 2 and 3 because of bumping, but the effect on
passenger volume is minimal.

Federal Avialion Administraticn 8-1 May 1995
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- The changes in fatalities and injuries are driven by the-murmber 6F air passengass
who divert to automobile travel, which has significantly higher casualty rates. Sgenarios
5 and 6 result in the greatest number of casualties because they have the largest
number of passenger diversions. Scenarios 2 and 3 result in some prevented fatalities,
but still have a net increase in total injuries because of the diversion of bumped
passengers. Scenario 4 is the only scenario resulting in both prevented fatalities and
prevented injuries; therefore, it is the most beneficial scenario regarding increased
safety. .

Revenue lost to diversion may be the most significant economic factor affecting
air carriers if passengers divert and cause a reduction in the air carrier revenue stream.
Scenarios 5 and 6 result in the most diversions, which cause the largest economic
impacts to air carriers. Scenarios 7A, 7B, and 7C result in reduced, yét significant,
economic impacts that vary according to the number of passenger diversions. The
economic impact under Scenarios 2, 3, and 4 is orders of magnitude lower than the
other scenarios because of minimal passenger diversions. The least adverse air carrier
economic impact occurs in Scenario 2, when air carriers provide the aircraft seat for
infant use at no cost and the FTU provides the CRS.

Infant ticket prices reflect the largest impact on family air travel costs. The
greatest impact on total FTU air travel costs occurs in Scenario 7B, followed by 7A,
then 7C. This phenomenon, described in detail in Chapter 6, is caused by a
combination of the number of FTUs continuing to travel by air and the corresponding air
travel cost. Scenarios 2, 3, and 4 result in no impact on FTU air travel costs. In these
scenarios, infants continue to fly at no cost and all FTUs are assumed to already own
CRSs. Families would experience some inconvenience under Scenario 4 because
infant seating is provided on a space-available basis only. In addition, if some portion
of FTUs had to procure CRSs to travel by air, only Scenario 3 would minimize the FTU
cost impacts. :

From the FAA's perspective, prevented fatalities and injuries remain the most
important criterion for determining the most beneficial scenario. Increased safety is the
primary reason for requiring CRSs on airplanes. The most fatalities and injuries are
prevented, with minimal economic impact to air carriers, under Scenario 4. In addition,
passengers are not burdened by additional costs. '

Although assessing the impact of a CRS mandate on aviation safety is the
primary reason for conducting this study, the benefit/cost analysis was designed to
capture impacts to the entire transportation system in accordance with Public Law 103-
305. This taw required an investigation of the impact to other transportation modes
because it is unrealistic to assume that passengers will not divert from air travel if their
air trave! costs increase. Precedents for this approach had been set by four other
studies [Apogee 1990; Apogee 1993; Windle and Dresner; and McKenzie and Lee}. If
the scope of this study were limited to the aviation system only, then the safety impact
would be as summarized in Exhibit 8-2.

Federal Aviation Administration 8-2 May 1995
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EXHIBIT 8-2
Summary of Aviation-only Safety Impact
(Totaled over 1995 to 2004)

. Infant Infant Major Infant Minor
Scenario oo - .
Fatalities Injuries Injuries

1. Base Case - No CRS mandate 0 0 0
2. Air carrier provides seat at no

cost, FTU provides GRS -4.9 -2.1 -3.8
3. Air carrier provides seat at no

cost, air carrier provides CRS 4.3 2.1 -3.8

4. FTU reserves seat at no cost on
space available basis, FTU 4.9 24
provides CRS . ’

5. FTU pays full fare for infant
ticket, air carrier provides CRS

G. FTU pays full fare for infant
tickgt, FTU provides CRS 1.3 0.6 -1.0

TA. FTU pays 75% of full fare for

infant ticket, FTU provides 2.2 1.0 1.7
CRS

78, FTU pays 50% of full fare for

infant ticket, FTU provides 3.4 1.4 24
CRS ’

7C. FTU pays 25% of full fare for

infant ticket, FTU provides -4.0 1.8 -3.1
CRS

¥1.043.04-42

Safety impacts listed in Exhibit 8-2 result from the use of CRSs only; no
comparison is made to fatalities or injuries sustained from other modes of
transportation. The key factor affecting the casualty impacts above is the number of
infants continuing to travel by air. Scenarios 5 and 6 show the fewest number of
prevented fatalities because the large number of diversions significantly reduces the
population of infants traveling by air. Therefore, this reduction produces fewer
preventable fatalities. Scenarios 2, 3, and 4 result in the most prevented fatalities
because thererare no dweions in these scenarios; therefore, a larger population of
infants is saved by CRS use. The number of major and minor injuries conforms to this
refationship—Scenarios 2, 3, and 4 prevent the most fatalities; Scenarios 5 and 6
prevent the fewest fatalities.

Federal Aviation Administration 8-3 May 1995
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Air carrier palicies could significantly alter the overall results summarized in
Exhibits 8-1 or 8-2. Specifically, the air tamer pricing policy in response to the CRS
mandate would impact these outcomes. For example, if air carriers passed costs to all
passengers, then diversions from air travel would increase, causing increased fatalities
and injuries. How air carriers will respond to such a mandate is not clear, but it is
considered likely that they will elect to pass on added costs and charge for infant seats
to the extent the market will permit.

Variations in the values of several input parameters could significantly alter the
results of this analysis. The five most significant parameters identified by the sensitivity
analysis are:

The price elasticity of demand estimates

The percentage of FTUs who must buy a CRS

Infant enplanements as a percentage of total enplanements
The number of diverted passengers who forego travel
Automobile fatality rates.

The values used for these parameters were derived from the most current data
avaiiable. In some cases, the parameter values were derived from historical data,
expert opinions, survey results, or a combination of these sources. Further basic
research conducted in these areas could refine the parameter values and improve the
accuracy of the analysis.

For purposes of the economic analysis part of this study, it was assumed that the
CRSs used for air travel were effective. However, tests show that not all CRSs
currently on the market perform satisfactorily in the aviation environment.

In summary, the analysis demonstrated that a CRS mandate could prevent as
many as 4.9 infant fatalities in aircraft accidents over the next 10 years. However,
passenger diversion to other, less-safe modes could cause a net increase in fatalities.
Reveriues lost to diversions produce the greatest potential economic impact on air
carriers. These impacts range from moderate to significant, depending on the scenario.
Cost impacts to FTUs are minimal if the air carriers absorb all of the costs associated
with a CRS mandate. '

Federal Aviation Administration 8-4 May 1995
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