AU=AU90 720 FEDERAL AVIATION AUMINISTKATION WASHINGTON OC AIRPOR=-=ETC F/6 1/5
AIRPORT CRASH/FIRE/KESCUE (CFR) SERVICE COST AND BENEFIT ANALYS-=ETC(U)

JUL 80
UNCLASSIFIED FAA-AS=y0-2-VOL-1




o
FEEEREE
B
=
N
[8.]

L &* s
=
28 fles e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




(5 [FYEL -

Airport Crash/Fire/Rescue (CFRI
Service Cost and Benefit Analysns
Volume |: Text

‘DTIC
ELECTE}|
0CT 231980 .

F

ADAO90726

This document has been approved
for public relecse and aale; its
distribution is unlimited.

s; . DOT/FAA/AS/80- & ' July 1980
W
o

80 10 21 050




e B

Technical Report Documentation Pag

1. Report No. 2. Cevernment Accessicn No. 3. Recipient’s Carolog No.
FAA AS-86- /
 Cleessling ) gp-Aoge 226
,‘ /g\\‘l‘ulo and Subti S.
' Airport Crash/Fire/Rescue (CFR) Service Cost and Jul 1980
Benefit Analysis. Volume Iy Jext, 6. ing Organization Code
8. P 4 et No.
7. Author's) -Z /
} 9. Performing Organization Nome ond Address 10. Work Unit No. (TRAIS)
U. S. Department of Transportation
Federal Aviation Adm1mstrat1on —_— 1. Controct or Grant No.
800 Independence Ave. S. W. -
waShington, D. C 20591 . 13. Type of Report and Period Coveree
12. Sponsoring Agency Neme ond Address !
U. S. Department of Transportation !
Federal Aviation Administration
Office of Airport Standards 14. Sponsoring Agency Code :
Washington, D. C. 20591 P
15. Suppiementary Notes E i
!
; 16. Abstract g
4 {
t
}
:
!
;
!
j
! \
| !
17. Key Words 18. Distribution Stetement
This document is available to the public
through the National Technical Informa-
tion Service, Springfield, Va. 22161 :
i

} 19. Security Classif. (of this report) 20. Security Class.f. (of this page! 2. No. of Pages | 22, Pece
! : Unclassified Unclassified 142 P

[

i .
: ,. Form DOT F 1700.7 (2-72) Reproduction of complgted - 13¢ authorized
! Vg 5 é 74




|

NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of :
information exchange. The United States Government J
assumes no liability for its content or use thereof. ;

NOTICE

3, The United States Government does not endorse products
or manufacturers. Trade or manufacturers' names appe.rt
herein solely because they are considered essential to
the objective of this report.

[5cesaion iep
NTIS N
L7168 Ay g 1

Vuanug
e AAsed 0

tuSQLtieation...........
P j - AJM
| DeStTibutions
L Availabilivy ow ,* |

4y —
o R

A




#
E
3‘.“.

ACKNOWLEDGEMENTS

The data collected in the course of this study have been pro-

vided by a variety of sources within the aviation community.

We are grateful to these sources, which include personnel at

FAA Headquarters, Regional Offices, and Airport District Offices,

airport operators and executives, fire chiefs and firefighters,
pilots, flight attendants, and members of the staff of the {
organizations listed on page 1-3 of this report. Their cooper-
ation and respective concerns for various CFR issues indicate
firm support for achieving aviation safety through effective

planning and prudent distribution of limited resources.

The completion of this analysis of CFR costs and benefits was
guided by Mr. Jose Roman, Jr., of the FAA's Office of Airport
Standards. His suggestions and contributions to the final report

are very much appreciated.

Mr. Edgar Williams, now with FAA's Office of Airport Planning

and Programming, devised the vlan for accohplishing the objectives
of the study and participated in the collection and énalysis of
the data, as well as in the presentation of interim results. We

are grateful for his support and encouragement which have been

essential to achieving the studyv's goals.




de
owm o8 . 09 ol oz o 0z~ or~

T A e B B e A e o
a on o d oe ov—. ] oy-

:n *0e 23 Ao

3o
[T e ) <€ ppe eBIathuny
. tsane ) way) /¢ smisie) 3,

haers) JuUNiVYIdNIL

M spaed ans [ 4N SINI IR o
™ 199 24n2 st S1new 2qgm o
(L] suaqied (71 simn [}
w saend w1 L] [
L sund [ & 4 s t
L2 TENNS PPy 0o SN L]
INAI0A
o e vt {84 0001) souvusy U
L] Spuncd e swelieyy By
e S0 30An < swes) 1 ]
Tisliom) SSYN
sarse L X 4 .nl 000°0L} sEwidey ~
Fad 01N 0rande *re Saatdunyiy Siende Fahl
a‘ SPIeh ernbs T sseiow esenbe n...
™ S9GON Snds ne S NIV @renbs ~
viey
- sy ’e somisumry wy
A spreh Y1 10 -
" (Y2} (4 14 Sy -
- g o Simmuuad ws
" st 00 L T e
LIGLE]]
joqmig | LTS Ag ey meny ne) wonm joqwisg

SEIRSES I WEI| SueiSIAUN] sjewineiddy

SHO1IVS NOISYIANDD IIU1INW

1 M

"y
i

’l
i

|

1

i

1

[}
AT
&{ \u‘..n',l\ﬂl.‘“‘.

l
'|'|-v|'|'|'|' 'rrr’-rrr 'r|'rl'|'|'r PP

!
L

» B

—— vnlnm
o =2
et 2
- =
- =
. £
- —-=
e =
- £
s —E
o ==
v -
s =
- —=
» ==
— 2
v T=E
. ——
- =
. =
PR—
K] =5
- -—=
L =
- —_
- =
“” i
é =
" I
[l =
» Ui
" =
-~ -

nches |

M

‘g

RN LN AN AL PRt R oS

L ]

MR AITED TN ) (I TG0 T SV Sew rapy e Suife s g0 Sin
RE R T PR LU P TR

w .

4

'rl'l'l'r"l

'I'I'I'l‘l'l‘l' 'I'l'l'l‘l'l'l' 'l'l‘l'l'l'l'l' 'l'|'l'l'|'|'|' !

|

*
LI

7 5 2

~

§8¢8

..30..!?-’
(LT Th]

S1810w D1gnd
$10Nu 3>
)
Ny
simy

sy
SINOWO11R Bivnds
S wwnds
Srsiow srenbs
TIPS Sirnhe

Samymumny g
AL

I e
SImue

g o)

S2105esW ANNIW O1 SURITIIAUSTY Aeunxsiddy

(141
Smidrngns
myr) g/g

Simp ey
NIYDoINE §

%o
oo
[ 24
560
wo
124
ot
St
.

1308} JUNivVHIdNIL

sped Nnges
188) Iy
susqputi
S1ewh

shnd

sény
S83un0 enyy
Swendimgey
suondsesy

INNI0A

€0
s0
L}

a1 gaoz)
Suol 1e0us
spwnod
shIwny

(wbam} sy

sene

SOy et
SpwA swnin
oy 2y
Sy panbs

vivy

”l

60
ot

L X 2

Sopom
spmh
L]

LJELED]

Aq Monppw

mouy Moy wegm

ey

%2

[FR Y

pwig

1




e — m“‘“_u‘ o ——
\ TABLE OF CONTENTS

i VOLUME I: TEXT

i, EXECUTIVE SUMMARY x

2 1.0 INTRODUCTION 1

; 1.1 Background 1

T{ 1.2 Report Organization 5

;? ’ 1.3 A Brief Description of Crash/Fire/Rescue 6

4 1.4 Conventions 8

¢ |
{ f 2.0 CFR COST ANALYSIS 11

3 2.1 General Approach 11

? 2.2 Manpower 12
1 2.3 Vehicles 14
; z 2.4 Buildings 16
‘ % ) 2.5 Equipment and Material 23
l i i . 2.6 Cost Summary 24

l References 27
1 3.0 CFR BENEFIT ANALYSIS 28
i 3.1 General Approach 28
! 3.2 Air Carrier Accidents 29
' 3.2.1  The Data 29
; ‘E 4 3.2.2 Descriptive Statistics Relevant
* to CFR 36

. ’ 3.2.3 Placing a Dollar Value on the

Property Loss Prevented by CFR 42

Placing a Dollar Value on the
Human Loss Prevented by CFR

o G inbin oA s NP R L . o,

e

s Y AT AT N e OO P PO SRS A T A £ PP, YT T A 13 T



' TABLE OF CONTENTS (Continued)

3.3 Commuter Airline and Air Taxi Accidents
3.4 General Aviation Accidents

3.5 Non-crash Benefits

3.6 Summary of CFR Benefits

References

4.0 CPFR COST PROJECTION

4.1 The Methodology for Projecting CFR Costs

i 4.2 Projecting CFR Cost for a Sample Scenario 82
F References 88 1
5.0 CFR BENEFIT PROJECTION 89
} 5.1 The Methodology for Projecting CFR Benefits 89 -
5.2 'Projecting CFR Benefits for a Sample Scenario 97 - 1
References 110 ]
6.0 SUMMARY: THE COSTS AND BENEFITS OF CFR 111 i

VOLUME II: APPENDIXES

A. NATIONAL CAR EQUIPMENT INVENTORY a-1 .
B. THE 221 AIR CARRIER ACCIDENTS WITH POTENTIAL |

CFR BENEFITS SELECTED IN PASS ONE B-1 .
c. THE 129 AIR CARRIER ACCIDENTS THAT PASS TWO

DETERMINED TO PROVIDE NO CFR BENEFITS c-1
0. A LIST OF THE 61 AIR CARRIER ACCIDENTS STUDIED

IN DETAIL IN PASS THREE FOR WHICH NTSB RECORDS

WERE AVAILABLE D-1 D
E. THE 31 AIR CARRIER ACCIDENTS FOR WHICH DETAILED

NTSB RECORDS WERE UNAVAILABLE

vi




TABLE OF CONTENTS (Continued)

DESCRIPTION OF THE 61 AIR CARRIER ACCIDENTS i

STUDIED IN DETAIL IN PASS THREE FOR WHICH NTSB

RECORDS WERE AVAILABLE F-1 ;
- s

'8 ESTIMATES OF CFR CRASH BENEFITS FOR AIR CARRIER
Wfi ACCIDENTS, 1966-1978 G-1

, .
| 3
# T LIST OF FIGURES
i
[ § Figure
'}
. 3 3-1 Disposition of the 628 Air Carrier Accidents,
| 1966 - 1978 35
3-2 Number of CFR Relevant Accidents, 1966 - 1977 37
3-3 Average Number of Occupants per CFR Relevant
i Air Carrier Accident, 1966 - 1977 39
i . 3-4 Number of Occupants Exposed Annually to CFR
Relevant Air Carrier Accidents, 1966 - 1977 40
3-5 Value of Hulls Exposed Annually in CFR Relevant
Air Carrier Accidents, 1966 - 1977 41
LIST OF TABLES
L 4 Table
g ES-1 Summary of Annual CFR Costs by Airport Index and
4 g Expenditure Category in Fiscal Year 1979 xiii
- ES~-2 Benefits Provided by CFR in Preventing Air Carrier
| Deaths and Injuries xv
ES-3 Human Benefits Provided by CFR for Air Carriers xvi
{ vii
| q

} E

e
LI




ES-4

3-2

3-5

LIST OF TABLES (Continued)

Value of Aircraft Hulls Saved in Air Carrier
Accidents by CFR

Estimated Annual CFR Benefits, 1966 ~ 1978
Summary of the Annual Costs and Benefits of CFR
CFR Manpower by Airport Index

Representative Cost and Distribution of CFR
Vehicles with Water/Foam Capability Only

Representative Cost and Distribution of CFR

Vehicles with Dry Chemical Capability Only

Representative Cost and Distribution of CFR
Vehicles with Both Water/Foam and Dry Chemical
Capability

CFR Vehicles by Airport Index
CFR Buildings by Airport Index

CFR Equipment and Material by Airport Index

Summary of Annual CFR Costs by Airport Index and

Expenditure Category

Air Carrier Accidents That Provided an Actual
CFR Benefit, 1966 ~ 1978

Number of Lives Saved by CFR, Number of Air Carrier
Fatalities, and Percentage of Potential Fatalities

Saved by CFR, 1966 - 1978
Value of the Hull of Each Type of Aircraft

Value of Aircraft Hulls Saved in Air Carrier
Accidents by CFR, 1966 - 1977

Number of Lives Saved by CFR in Air Carrier Accidents,

1966 - 1978

Number of Injuries Prevented by CFR in Air Carrier

Accidents, 1966 -~ 1978

viii

xvii

XX
xxi

15

17

18

19

22

25

26

34

43
45

46

48




LIST OF TABLES (Continued)

Benefits Provided by CFR in Air Carrier Accidents,

1966 - 1978
3-8 Revenue Passenger Enplanements for U.S. Air Carriers,
1966 - 1978
3-9 Benefits Provided by CFR in Preventing Air Carrier
' Deaths and Injuries
3-10 Number of Enplaned Passengers by Airport Index,
Y 1978
3-11 Psychological Benefits Provided by CFR for Air
Carriers
3-12 Human Benefits Provided by CFR for Air Carriers
3-13 Annual Non-Crash Benefits Provided by CFR
3-14 Annual Benefits of CFR
. 4-1 Projected CFR Costs Under the Sample Scenario
i
- - 5~1 Breakdown of Air Carrier Accidents by the Number

of Deaths Prevented and the Number of Hulls Saved
by CFR, 1966 - 1978

5=~2 Hypothesized Breakdown of Air Carrier Accidents by
the Expected Number of Deaths Prevented and Number
of Hulls Saved by CFR

5-3 Assumed Value for Operations
, 5-4 Assumed Value for the Average Hull
5=5 Projection of Air Carrier Crash Benefits, 1979 - 1993
' 5~6 Projection of Benefits Provided by CFR, 1979 - 1993
6~1 CFR Average Annual Benefits, Cost, Benefit/Cost

Ratios and Net Cost

ix

57

58

60

61

62
63
72
75
87

99

101
104
105
107

109




o e 2 g ARy e g s 4, ST P e . ) - spnic o2 o y . Y " o~ ..

{

B

EXECUTIVE SUMMARY

«=P Primarily to improve the chances of human survival in the event -

PPl o O e -

of an aircraft accident at an airport, airport authorities f
throughout the country maintain a crash/fire/rescue (CFR) service. g
Such a service has, in ‘fact, since 1972 been required of certain

airports under Federal Aviation Regulation Part 139, Certifica- ‘.

tion and Operations: Land Airports Serving CAB-Certificated Air 5:
Carriers. To assist the Federal Aviation Administration in its
evaluation of airport safety programs, HH Aerospace Design Company,
¥ Inc., has prepared an analysis of the costs and benefits of CFR

;: services at all public use airports throughout the country. This
analysis does not attempt tc assess the impéct of Part 139 require-

ment on aviation safety, but simply presents the data required

by the FAA to consider future policy regarding CFR in the presence

of an everchanging aviation environment. g

Both cost and benefit data were obtained from various records
available in Washington and in the FAA's Regional Offices, as
well as from visits to a number of airports throughout the

country. Information on the number of CFR vehicles and personnel

at each airport was obtained primarily from Airport Operations L]
3 Manuals and Operations Specifications, which are required to be

filed with the various regiQnal offices of the FAA by Paft 139

in the case of most airports serving CAB-certificated air carriers.

Other data used in estimating CFR cost ( e.g. salary levels)

¥




were obtained in the course of interviews with airport authori-

ties and CFR personnel.

Benefit data were determined from aircraft accident records,
primarily those of the National Transportation Safety Board
(NTSB), and from inspection of airport CFR logs at various loca-
tions throughout the country. Crash benefits were assessed with
the assistance and concurrence of a variety of organizations

concerned with aviation safety including the following:

Air Line Pilots Association

Air Transport Association of America

Airport Operators Council International, Inc.
American Association of Airport Executives
Association of Flight Attendants

National Air Transportation Association

National Association of State Aviation Officials

National Business Aircraft Association, Inc.

The participation and support of these groups in the collection
of data and provision of various viewpoints of CFR services have
enabled the study to develop a broad base of information from

which the FAA can make future policy decisions.

All dollar values discussed in the analysis and in this summary
are stated in April 1979 doliars. Costs and benefits are
considered for all public use airports uncder United States juris-

diction with the exception of Alaskan airports, which have a




number of unusual operating conditions, and those airports where
CFR services are provided by the military. The latter are
excluded because at such facilities, which include Air Force
bases and airports served by the Air National Guard, CFR ser-

vices would be provided even in the absence of non-military

traffic. Such a condition is not relevant in the context of

this study, which concerns public aviation.

Cost data were developed for each of four cateéories: manpower,
CFR vehicles, buildings, and equipment. These costs are sum-

marized in Table ES-1, which breaks the costs down according to
airport CFR index. CFR service 1s provided at an estimated 100
airports without operating certificates, primarily busy general

aviation airports, but the total cost of CFR at these airports

is just 1.2% of the total estimated annual cost of $115.3 million.
Index C, D, and E airports combined account for 73.5% of the total
annual cost of CFR. 79.6% of the total cost of CFR nationally

is manpower, including personnel benefits,'while 11% lies in

vehicle expenditures, 6.2% for buildings, and 3.2% for‘equipment.

Benefits fall into three major categories: the prevention of
human loss (death or injury), the prevention of property loss
(primarily aircraft hull damage), and non-crash service benefits

such as emergency stand-bys, fuel spill washdowns, medical

f.&' \

. responses in terminal buildings, and structural fires at the

airport. An examination of 628 air carrier accidents over the

xii




Table ES-1: Summary of Annual CFR Costs by Airport Index

and Expenditure Category in Fiscal Year 1979 ($K)

Total
Manpower Vehicles Buildings Equipment by Index

Index E 18,374 1,905 1,240 849 22,368 (19.4%)
(7

Index D 16,327 2,044 1,256 686 20,313 (17.6%)
(26)

Index C 34,187 3,803 2,840 1,281 42,111 (36.5%)
(91)

Index B 9,601 1,701 736 373 12,411 (10.8%)
(73)

Index AA 5,107 1,418 338 195 7,058 (6.1%)
(83)

Index A’ 5,890 1,254 456 225 7,825 (6.8%)
(152)

Limited

Certificate 1,294 373 126 49 1,842 (1.6%)
(36)

No

Certificate 1,021 133 200 39 1,393 (1.2%)
(100) '

Total by 91,801 12,631 7,192 "3,697 115,321

Category (79.6%) (11.0%) (6.2%) (3.2%)

N.B. The numbers in parentheses below each index show the number of
airports in that index. The total number of airports is 578.

xiii
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period 1966-1978 showed that 133 deaths and 40 injuries

were prevented by CFR. Of this total, 98 lives were saved

and 19 injuries prevented in the Continental DC-10 accident at
Los Angeles Internatiopal Airport on March 1, 1978. Using imputed
values for human life and injury of $430,000 and $64,000, respec-
tively—values currently accepted in other studies performed by
the FAA-—one arrives at the dollar values for lives and injuries
saved as summarized in Table ES-2 as a function of airport index.
In accordance with a methodology for assessing the "psychological"
benefit of CFR which is discussed in detail in the report, the
total psychological benefit is assumed equal to the actual death
and injury benefits obtained over the period but distributed

over the period according to passenger enplanements. The
resulting "human benefit," the sum of actual life/injury and
psychological benefits, is presented in Table ES-3. This benefit

averages nearly $10 million per year over the period examined.

The value of aircraft hulls saved as determined from examination

of the same air carrier accident records is summarized. in

Table ES-4. The resulting average annual benefit for this cate-
gory over the period 1966-1978 is $214.45 million.

Commuter and air taxi accidents were determined to contribute an

annual average benefit of $0.2 million in lives saved and injuries
prevented (0.5 lives per year), and $1.0 million per year in air-

craft damage prevented. General aviation death/injury benefits

xiv
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Table ES~2: Benefits Provided by CFR in Preventing
Air Carrier Deaths and Injuries
Broken Down by Year and Airport Index
(Millions of Dollars) |

Total 0.430 2.150 $7.170  $9.750 ;

o
o
o
o

. A i r p o r ¢t I n d e x

Yeor L A M B ¢ D E  Total
1966 0 0 0 9 0 0 0 0
1967 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0
1971 0 0 0.430 0 0 0 0 0.430

1 1972 0 0 o 0 0 0  0.256  0.256

- 1973 0 0 0 0 2.150 0 0 2.150

?; 1 1974 0 0 0 0 0 0 0 0

! 1975 0 0 0 0 0 0 ...558 13.558

i 1976 0 0 0 0 0 0 0 0

¢ 1977 0 0 0 0 0 0 0 0

E 1978 0 0 0 0 0 0  43.356  43.356




Table FS-3: Human Benefits Provided by CFR for Air Carriers
. Broken Down by Year and Airport Index
(Millions of Dollars)

$ e o -

)

A i r p o r ¢t I n 4 e x

Year L A AA B c D E Total r i

1966 0.001 0.017 o0.021 0.087 0.581 0.851 1.149 2.707
1967 0.001 0.021 0.026 0.106 0.702 1.029 1.389 3.274

1968 0.001 0.023 0.029 0.120 0.798 1.169 1.580 3.722
1969 0.002 0.025 0.031 0.128 0.851 1.246 1.684 3.967
1970 0.002 0.027 0.034 0.137 0.912 1.337 1.805 4.254
1971 0.002 0.027 0.464 0.139 0.925 1.355 1.831 4.744
1972 0.002 0.030 0.037 0.151 1.005 1.472 2.244 4.940
1973 0.002 0.032 0.040 0.162 3.225 1.575 2.128 7.163
1974 0.002 0.032 0.041 0.166 1.101 1.613 2.178 5.133
1975 0.002 0.032 0.040 0.163 1.084 1.588 15.703 18.613
1976 0.002 0.035 0.043 0.177 1.178 1.725 2.330 5.491 i
1977 0.002 0.037 0.047 0.191 1.270 1.860 2.513 5.921

1978 0.002 0.039 0.049 0.201 1.333 1.952 45.993 49.570

Total 0.023 0.377 0.902 1.928 14.965 18.772 82.527 119.500

Note: Components may not add to totals due to rounding.




Table ES-4: Value of Aircraft Hulls Saved in
Alr Carrier Accidents by CFR,
1966-1978 (Millions of Dollars)

A i r p o r ¢t I n 4 e x

I
g

. Year

| o

A ™ B ¢ D

1.60 2.40 4.00
0.30 3.05 3.60 6.95
0.50 0.40 0.90

1.20 2.40
4.00 1.50 3.80 9.30
3.60 3.60

17.70 44.05 61.75

12.90 9.00 40.85 62.75

7.60 7.60

7.60 28.00 35.60
0.40 8.70 9.10
0.00

10.50 10.50

0.00 0.00 28.00 48.05 137.20 214.45

xvid
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are negligible, while aircraft damage benefits are estimated to
be $0.1 million per year. The psychological benefit is again

assumed to be equal to the life/injury benefit. These commuter
and general aviation benefit estimates are included in the final

summary of CFR benefits.

The non-crash benefits were determined primarily from inspec-

tion of CFR logs and tabulation of activities oﬁher than responses
to crashes. These responses were predominantly fuel spill wash-
downs (1l per 1000 air carrier departures), emergency stand-bys

(2 per 1000 air carrier departures), medical responses (10 per
1000 air carrier departures), and other miscellaneous emergencies
(2 per 1000 air carrier departures). Based on fees, determined

by conferences with local fire prevention and medical authorities,
of $277 for a washdown, $651 for a stand-by, $50 for a medical
response, and $277 for each miscellaneous response, an average
annual benefit of $12.6 million was estimated for non-crash
benefits with one exception. That exception.is the paramedic
function at Atlanta Aiport, which is reported to save 17‘heart
attack victims each year. Althouqh.other cities generally pro- .
vide such a service by other than airport-based paramedics and
cardiac technicians, Atlanta was found to be the only major city
that responds with extensively~-trained CFR personnel (not just
emergency medical technicians) to use defibrillators in the

event of a heart attack. This service at Atlanta provides a CFR

benefit averaging $7.3 million per year on the basis of a value (::‘

xiii
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of $430,000 for a human life. The total non-crash benefit is,

therefore, $19.9 million.

The total estimated benefits of CFR for all classes of aviation
are shown in Table ES-5 as a function of airport CFR index.
Death/injury benefits and psychological benefits each account
for approximately 10% of the total benefit, while aircraft

damage and non-crash benefits represent approximately 40% each.

The relationship between the costs and benefits of CFR is shown
in Table ES-6. The systemwide ratio of benefits to costs is
0.43 that is, for every $1.00 spent on CFR, there is a benefit
of $0.43 The benefit/cost ratio is close to the break-even
point of 1.00 only for index D and E airports: for other indexes
the benefit/cost ratios are quite low. Looked at in another
way, the difference between the annual cost of $115.3 miliion
and the annual benefit of $49.9 million is §$65.4 million, which
is the portion of the cost for which there is no corresponding
benefit. In other words, every time a passenger gets on an air
carrier, $0.44 is spent on CFR; an average $0.19 returns as

benefit, but $0.25 is not recovered.

It should be emphasized that the benefit/cost ratios id Table ES-6

are upper bounds on the true values. During the course of the

study, whenever there was doubt as to what value should be assigned
to a benefit, a generous value was assumed in order to insure that

benefits were not understated. Thus, if anything, the benefit/cost

xix
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ratios shown are too high.

The conclusion is that, except at index D and E airports, CFR
does not pay for itself on a dollars and cents basis. There
are two ways to react to this finding. First, one could say
that CFR should not be judged solely on a dollars and cents
basis; other factors should be taken into account. Second, one
could say that CFR should pay for itself on a dollars and cents
basis and that the FAA should look for ways'of enhancing or

retrenching CFR so that the benefit/cost ratios are improved.

This report is the first in a series that is designed to identify

and evaluate the policy alternatives that are open to the FAA.
The ultimate goal is to provide the FAA with the information

that is needed to formulate CFR pclicies that will raise the

benefit/cost ratios while maintaining a suitable level of safety.
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1.0 INTRODUCTION

1.1 Background

The federal government, the airlines, aircraft manufacturers,
and airport operators spend hundreds of millions of dollars
every year in order to increase the safety of aviation. This
pursuit of safety proceeds along two main avenues. First,
actions are taken to decrease the frequency or severity of
accidents. For example, high technology navigation aids and
landing systems, airport design, airport operating procedures,

E and many other activities are intended to reduce the number of
| accidents. Second; given that an accident has occurred,
measures are taken to limit the human and property loss that
ensues. For example, aircraft design, frequent publicizing of
evacuation procedures, and crash/fire/rescue (CFR) programs are
intended to limit loss once an accident has occurred. This
report deals with the CFR portion of the Federal Aviation

: Administration's (FAA's) many safety programs.

Since the federal government provides some funding for many of
these safety-related programs, the question of allocation of
these funds among the programs arises. That is, given a con-
stant level of expenditure, would it be possible for the govern-
ment td shift dollars from program to program, or within one

particular program, so that a higher level of safety could be
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attained? This is the general decision-making problem that the
government faces. In order to address this problem, it is neces-
sary to have information on the level of safety provided by ex-
penditures on different safety programs. Only when information
on the relative merits of the different programs and of the
various elements within each program is available can the deci-
sion-making problem of allocation of funds be addressed with
confidence. This information also can have a bearing on the
expenditure of funds on safety by other organizations such as

airport authorities.

In 1972, the establishment of Federal Aviation Regulation Part
139, Certification and Operations: Land Airports Serving CAB-
Certificated Air Carriers, imposed various requirements on air- i
port operators including the provision of crash/fire/rescve
equipment and services in the event of an accident on the air-
port. Paragraph 139.49, Airport Fire Fighting and Rescue Equipment
and Service, specifies increasingly demanding CFR equipment

and services as the length of aircraft operating on a regular

basis increases at a particular airport. Five major service

levels were established by Part 139 and are documented therein.
These five major airport "Indexes" and examples of aircraft
apolicable to each are as follows: 1Index A (up to 90 feet) -
Convair 580, Nord 262, Lockheed Jet Star; Index B (90-126 feet)

- BAC 1-11, Boeing 737, DC-9 (except model - 50);




Index C (126-160 feet) ~ Boeing 707 and 727, DC-8; Index D
(160-200 feet) - DC-10, L-1011, DC-8 (stretch); Index E (more |
than 200 feet) - Boeing 747, Lockheed C-5A, Concorde. These

Indexes will be referred to frequently throughout this report.

It is not the objective of this report to evaluate the impact

or effectiveness of Part 139 CFR requirements on aviation safety.
Rather, the major objective is to provide the basic data
relating to the CFR program that will enable the FAA to make
future policy decisions regarding CFR. To expand somewhat,

one can say that the report has three main purposes.

The first purpose is to locate and to make accessible the raw
data on the CFR program. Data pertaining to equipment and man-
power costs were obtained from Airport Operations Manuals and
Airport Operations Specifications, which are required to be
filed with the various regional offices of the FAA by Part 139,
and from interviews with airport authorities. Bgnefif data were
determined from aircraft accident records, primarily those of
the National Transportation Safety Board (NTSB), and from
inspection of airport CFR logs at various locations throughout
the country. These data, which were widely scattered and in
inconsistent formats, have now been made consistent and are

accessible through an automated data base. Much of the data

is contained in this report.
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The second purpose is to use these data to make an estimate of
the costs and benefits of CFR services in general, whether or
not required by Part 139. This prccess entails both defining
costs and benefits and carrying cut the necessary calculations

involving the raw data stated in the previous paragraph.

The third purpose is to take trends into account and to formu-
late a methodology that will enable the projection of future
costs and benefits of CFR. These projections are what would be
relevant for future decisions concerning the CFR program.
Applications of the projection methodology for various mixes

of air traffic and for alternate policy scenarios will enable
decisions to be made by the PAA on the basis of all available

data.

The compilation and analysis of data were conducted with the
support and assistance of a variety of organizations concerned
with aviation safety. Besides providing insight into different
aspects of CFR and access to many sources of relevant data,
representatives of these organizations participated in a review
of air carrier accidents to help determine some of the benefits
f CFR. The consensus reached by the group with regard to the
number of lives saved and aircraft damage reduced by CFR ser-
vices substantiates the realism of the raw data to be presented
later in the report. The entire group, for example, agreed that

98 lives were saved by the prompt, effective action of CFR

personnel at Los Angeles International Airport on March 1, 1978,




in response to the aborted take-off of C0603, a DC~10 bound for

Hawaii. This ideal example of the potential effectiveness of

‘ CFR provides considerable insight into future policy decisions

! concerning requirements for CFR equipment and services. The
support and assistance of the following organizations is much

appreciated:

Air Line Pilots Association

: Air Transport Association of America
Airport Operators Council International, Inc.
American Association of Airport Executives
Association of Flight Attendants
National Air Transportation Association
National Association of State Aviation Officials

National Business Aircraft Association, Inc.

1.2 Report Organization

The organization of this report is as follows. Chapter 2
describes the way data on CFR cost were gathered, spells out the

logic that underlies the calculation of CFR cost, and estimates

the 1979 cost fcr the nation's CFR program. Chapter 3 describes
the way the data on CFR benefits were gathered, spells out the
logic that underlies the calculaticn of CFR benefits, and

% estimates the total CFR benefit for *the years 1966-1978. Chap-
ter 4 prcjects CFR costs over the next fifteen years. Chapter 3

discusses possible methods for projecting CFR benefits and uses

one of these methods for projecting benefits over the next

&




fifteen years. Chapter 6 summarizes CFR costs and benefits.

1.3 A Brief Description of Crash/Fire/Rescue

In order to provide the background needed to understand this
report, a brief description of the CFR services provided by air-
ports will be given. As a first approximation, CFR vehicles,
firehouses, firefighters, and materials are much like those

used in structural firefighting. However, there are a number

of differences.

CFR vehicles are typically much bigger and heavier than standard
fire trucks. Moreover, these vehicles are equigped to deliver
the types of extinguishing agent that are especially effective
against aircraft fires. Aqueous film-forming foam (AFFF), for

example, is particularly effective in knocking down kerosene fires.

CFR fire stations house the vehicles and, in most cases, the
firemen who typically are on duty around the clock at Index C,
D, and E airports. FAR Part 139 requires that the first CFR

vehicle must be able to reach the midpoint of the farthest
air carrier runway within three minutes. This requirement

affects how many firehouses there are and where they are placed.

CFR firefighters differ somewhat from conventional firefighters

in that aircraft fires differ from structural fires and do

4




require different firefighting techniques and materials. When
fighting an aircraft fire, the firefighters have two main objec-
tives. First, they should determine the avenues of escape open
to those inside the aircraft and keep the fire away from those
avenues. The CFR firefighter's job is not so much to remove
physically the survivors from the burning aircraft; that is the
responsibility of the crew. Rather, the CFR firefighter's job
is to maintain an environment which will allow the crew to evac-
uate the aircraft. Second, the CFR firefighters should save as

much of the aircraft hull as possible.

In summary, when there is a crash, CFR gets to the scene of the
crash and applies techniques appropriate to fighting aircraft
fires to save as many people and as much hull as possible. How-
ever, since crashes are so rare, CFR is much more frequently
called on to provide non-crash services, e.g., washing down fuel
spills, putting out grass fires, and responding to medical emer-

gencies.

In order to illustrate what CFR can do, a brief description will
be given of the accident that provides the most dramatic example
of the benefits that CFR can afford. On March 1, 1978, a Conti-
nental Airlines DC1l0 bound for Hawaii was departing from Los
Angeles International Airport with a crew of 14 and 186 passen-
gers, mostly retired vacationers over the age of 60. During

take~off several tires blew, causing the pilot to abort the take-

off. The aircraft overran the departure end of the runway,
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collapsed the thin layer of black top in the overrun area, rup-

tured a fuel tank in the left wing, and began to burn.

During the take-off roll, one of the tires blew directly in
front of one of the fire stations at Los Angeles International
Airport. A firefighter who witnessed the incident alerted others
within the station, and the first vehicle to respond was under
way before the air traffic control tower sounded its alarm.

This vehicle arrived at the burning aircraft only.seconds after
the aircraft had come to rest. Although several of the evacua-
tion slides were melted by the fire, the application of water
and foam by CFR personnel protected a sufficient number of

exits to allow the crew to evacuate the aircraft with almost
complete success. Compared to what would have happened in the
absence of CFR, the best estimate is that in this accident CFR
saved 98 lives, prevented 19 serious injuries, and saved 30 per-

cent of the aircraft hull from destruction.

1.4 Conventions

Several conventions used in this report will be established here.

First, all dollar values appearing are in April 1979 dollars.

Second, costs and benefits are considered for all public use
airports under United States jurisdiction with the exception of
Alaskan airports and those airports where CFR services are pro-

vided by the military. The reason for excluding Alaska is that

e B e i




the wilderness and severe weather of that region result in many
inmanned airports and other unusual operating conditions that
‘are not typical of aviation in the rest of the country. Alaska

must be excluded, therefore, since requirements for CFR based

A Mt S - S

on unusual operating conditions should not be allowed to bias

the data used for national policy-making. More typical airports

in the FAA Pacific and Southern Regions are included, however,
. including those in American Samoa (Pago Pago), Hawaii, the

Marianas Islands, Puerto Rico, and the U.S. Virgin Islands,

R o

even though they are outside the Continental United States.

|
E‘ Both costs and benefits at airports where CFR service is pro-
q vided by the military, including Air National Guard service and

Air Force bases, are excluded because the service would be pro-

vided even in the event of no non-military traffic. Such a con-

dition is not relevant in the context of this study, which con-

concerns public aviation.

Finally, complete data on benefits were available for the years

R Rl st i T

1966 through 1977. However, one accident in 1978 was included—

the Continental DC-10 accident at Los Angeles. This was done to

e b ek main s T i cethe

avoid biasing CFR benefits downward, which would have resulted

from ignoring the most effective application of CFR in aviation

history. Thus, the years 1966 through 1978 are covered, but it

should be kept in mind that only one accident in 1973 is included.
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This report provides much of the information that is needed to
make an informed evaluation of the CFR program. The analysis,
while not definitive, does provide a much more detailed picture
of CFR than previously existed and, therefore, consitutes a
significant first step along the road to sound and systematic

decision-making.
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2.0 CFR COST ANALYSIS

2.1 General Approach

In order to determine the total national cost of CFR equipment
and services, four cost categories were established: wmanpower,
vehicles, buildings, and equipment and material. The basis for
determining costs in each category was the compilation of infor-
matiqn from Aiport Operating Manuals for fully-certificated air-
ports and from Operations Specifications for those airports with
limited certificates. These airport documents were examined and
the relevant information extracted at each of the FAA's Regional
Offices, with the exception of the Alaskan and Pacific Regions.
The data extracted in this manner, including vehicle description,
manning (professional and auxiliary), manufacturer, year, re-
sponse time, condition, and extinguishing agent capacities and
rates, are contained in Appendix A. Alaskan airports and those
with service provided by the military were intentionally excluded
from cost calculations for the reasons discussed in Chapter 1.
Information on 1 Index E, 1 Index D, 3 Index C, 1 Index B, and

5 Index AA airports in the Pacific Region was estimated by apply-
ing averages according to CFR index based on the available data

for the rest of the nation.

During the data collection process, interviews with FAA airport
inspectors, airport operators, and CFR personnel at a variety of

airports throughout the country provided vaiuable additional

11
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information regarding salaries, overhead expenses, and other

cost information not contained in the Operations Manuals. These
interviews also provided information on CFR at airports with no
certificate—generally busy general aviation airports. Tabula-
tion of these general aviation airports with some CFR capability,
including a range from 16 such airports in the Western Region to
none in the New England Region, led to a national estimate of 100
non~-certificated airports with CFR—an average of 10 airports per
region, excluding Alaska. Eignt of these airports rank in the
top 25 in the country with regard to total aircraft overations—

all in excess of 350,000 operations in Fiscal Year 1978 (Ref. 2.1).

All cost calculations were performed as a function of CFR index
as well as for the nation as a whcle. In general the available
airport records were sufficient to provide reliable, consistent
data. When the national inventory was analyzed by computer, now-
ever, tO extract the costs treated in this chapter, only those

airsorts with at least one CFR vehicle located on the airport

and not provided by nor manned by the military were considered.

2.2 Manpower

lanpower c<csts are the greatest eleament of CFR expense. They
were determined by first counting the number of CFR personnel
pased at every airport in the country and then multiplying the

number of personnel by an average salary and tenefits figure

12
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aestimated from a sample of

ports with a firefighting force large enough to warrant a formal
structure with chiefs, captains, lieutenants, engineers (opera-

tors), and firefighters, the average salary was weighted accord-

ing to the distribution of

and overhead expenses, including retirement, health and life

insurance, disability, training, and repairs, was included as

30% of the average salary.

used in the computation is

Index
Index
Index
Index

Index

airports of various Indexes. At air- 1

personnel of various ranks. Benefits

The total of salaries and benefits

as follows: ;;

A $17,022 per annum ,
B $19,395 |
c $22,837
D $23,358
E $23,925

Index AA airports, airports with limited certificates, and those

without certificates were assigned the Index A salary and benefit

figure.

The number of professional

manpower count as reflected in the Operations Manuals. Auxiliary

personnel, who are used most at Index B and smaller airports,

personnel only was included in the

are not paid exclusively for the purpose of fignting fires and

would continue to be employed in their regular capacities regard-

less of a requirement for CFR services. The number of profes-

sicnal personnel per shift

was multiplied by a "shift factor"




to arrive at a total personnel count. This shift factor was

3 for Index C, D, and E airports, where three shifts are gener-
ally employed to staff the fire stations around the clock, 2.5
for Index B airports, 2 for Indexes A and AA and airports with
limited certificates} and 1 for airports with no certificates.
Firefighting personnel at many of the smaller airports were
counted as professionals if they could respond within 3 minutes
to an emergency, even though they had other duties, such as
maintenance, to perform. The number of peréonnel at airports
without certificates was estimated on the basis of the num-

ber of vehicles, 1, at each of the 100 airports and the average
number of men per vehicle, 0.6, determined from analysis of the
national inventory. Thus, 60 professicnal firefighters are
assumed to be employed throughout the country at airports with-
out FAA certificates. Twenty-one of these are employed at Van
Nuys Airport in California, the fourth busiest in the nation in

terms of total operations in 1978.
The number of professionals by index and the cost associated
with each are presented in Table 2~1. The annual cost of

$91.801 million is 80% of the total cost of CFR.

2.3 Vehicles

Cost of airport CFR vehicles was determined by their character-
istics as indicated in the Operations Manuals and by an average

price obtained from recent manufacturers’' quotes and from data

14




Table 2-1: CFR Manpower by Airport Index

Number of
Airports
Number with Non-
of Pro- Total Annual Military Cost per
fessionals Cost (SK) “TTCFR Airport (SK)
i Index E 768 18,374 (20.0%) 17 1,081
| Index D 699 16,327 (17.8%) 26 628
Index C 1497 34,187 (37.2%) 91 376 ";
|
' : Index B 495 9,601 (10.5%) 73 132
|
: Index AA 300 5,107 ( 5.6%) 83 62
Index A 346 5,890 ( 6.4%) 152 39
Limited
‘ Certificate 76 1,294 ( 1.4) 36 36
‘ No
Certificate 80 1,021 ( 1.1) 100
91,801 578

15
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collected from airport personnel. The characteristic used to
determine vehicle cost was quantity of extinguishing agent,
either water or dry chemical or both. The distribution and
estimated cost of the three types of vehicles used in arriving
at a total vehicle coét figure are presented in Tables 2-2

through 2-4.

By assuming that the real price of CFR vehicles is constant
over time and that the purchase of vehicles is staggered over
time from airport to airport, the actual capital expenditure
each year is constant. The annual cost of CFR vehicles can
be assumed, therefore, to be distributed over the lifetime of
the vehicle. Most CFR personnel interviewed agreed on a
15-year vehicle lifetime. Thus, the annual capital costs of
vehicles are estimated at 1/15 the current cost of a new

vehicle of the capability described in Tables 2-2 through 2-4.

The distribution and annualized cost of vehicles as a function

or airport index are presented in Table 2-5. The annual cost of

$12.631 million is 11% of the total cost of CFR.

2.4 Buildings

Building costs are also capital costs that are assumed to be

spread uniformly over the lifetime of the commodity, but in this

case for a period of 25 years. Samples of airport CFR building

costs indicate a considerable jump when the building must

16
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Table 2-2: Representative Cost and Distribution of CFR

vehicles with Water/Foam Capability Only

Number of
Water Capacity Vehicle Vehicles
(Gal) Cost (S$X) in Service
0-75 10 2
. 76-160 25 10
161-260 40 8
261-375 75 a
376-675 140 56
676-850 160 19
851-1100 180 71
1101-1750 200 183
1751-2250 220 18
2251-2750 240 23
2751-3500 325 63 {
3501-4500 435 21 ?
4501-3500 440 11
“ 5501-6500 445 2 %
6501-9500 450 5 |

| 17
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Chemical Weight
(Lbs)

0-75
76-160
161-260
261-375
376-675
676-850
851-1100
1101-1750
1751-2250
2251-9500

Vehicle
Cost (SK)

10
20
30
40
50
60
70
80
90
100

Table 2-3: Representative Cost and Distribution of CFR
Vehicles with Dry Chemical Capability Only
Number of

Vehicles
in Service

21
6
0

25

41




Water Capacity
(Gal)

0-75
76-160
161-260
261-375
376~-675
676-850
851-1100
1101-1750"
1751-2250
2251-2750
2751-3500
3501-4500
4501-5500

Je

Vehicle
Cost (SK)

20

35

90
125
160
185
205
215
225
245
330
440
445

Vehicles with Both Water/Foam and Dry Chemicals

Number of
Vehicles

100
113
52
12
133
17
43
32
6

9
27

in Service

(91
(95
(39

(61

Table 2-4: Representative Cost and Distribution of CFR

*
50/450)

100/450)
200/1350)

450/450)

This notation means that of the 100 vehicles in this class,
91 had a capacity of 50 gallons of water for foam production

and 450 pounds of dry chemical.




Table 2-5: CFR Vehicles by Airport Index

Number of
; Number of Total Annual Vehicles Cost per
¥ Vehicles Cost (S$K) per Airport Airport ($K)
3 Index E 155 1,905 (15.1%) 9.1 112
1
- Index D 157 2,044 (16.2%) 6.0 79
¢ |
Index C 355 3,803 (30.1%) 3.9 42
Index B 184 1,701 (13.5%) 2.5 23
Index AA 169 1,413 (11.2%) 2.0 17
Index A 228 1,254 (9.9%) 1.5 8 z
Limited
Certificate 63 373 (3.0%) 1.8 10
No
Certificate 100 133 (1.1%) 1.0 1

Total




provide sleeping and living quarters for firefighters as well

as a shelter for the CFR vehicles. This jump occurs predominantly

between Index B and Index C airports, since the latter almost

always are staffed 24 hours per day. There are, of course, excep-

tions to this tendency, such as Dallas~Fort Worth Regional Air-
port, where 8-hour shifts are used and no sleeping quarters

are provided. (DFW is an Index E airport.) Costs of all build-
ings are assumed to be proportional to the number of vehicles,
and hence firefighters, that they house. A tYpical three stall

fire station with crew gquarters costs $600,000 (1979 dollars).

The CFR building expense used to compute annual costs is as

follows:
Index A $50,000/vehicle ($2,000/vehicle/year)
Index B $100,000/vehicle ($4,000/vehicle/year)
Index C $200,000/vehicle ($8,000/vehicle/year)
Index D $200,000/vehicle ($8,000/vehicle/year)
Index E $200,000/vehicle ($8,000/vehicle/year)

Index AA airports and those with limited or no certificates are

treated as Index A airports.

The distribution and annualized total cost of buildings as a
function of index are presented in Table 2-6. The annual cost

£ $7.192 million is approximately 6% of the total cost of CFR.

21




Table 2-6: CFR Buildings by Airport Index

Total Annual Cost per {

| Cost ($K) Airport (SK) o
Index E 1,240 (17.2%) 7
Index D 1,256 (17.5%) 48
i
} Index C 2,840 (39.5%) - 31
i Index B 736 (10.2%) 10

Index AA 338 (4.7%) 4
Index A , 456 ( 6.38%) 3

Limited

Certificate 126 ( 1.8%) 4 ;

No

Certificate 200 ( 2.8%) 2

7,192

22
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2.5 Equipment and Material

One of the major elements of equipment and material for CFR

is extinguishing agent, particularly aqueous film-forming foam
(AFFF). At approximately $8 per gallon, this substance can
cost a great deal of money during an actual emergency oOr
simply for training purposes. Larger airports tend to have
more frequent hot drills and more occasions to use AFFF on
actual fires, whether aircraft wheel-well fires or structural
fires off the airport runways and ramps. San Francisco Inter-
national Airport, for example, budgets $36,000 per year for
extinguishing agent. Even a small Index A airport like
Buchanan Field in Concord, California spends approximately

$300 for AFFF at each of three hot drills per year.

Expenditures for protective gear (hats, boots, coats, gloves),
axes, tools, flashlights, and other items of equipment also
occur in proportion to the number of men on a firefighting team
and, in general, to airport index as well. Accordingly, the

following costs have been estimated for equipment and materials:

Total

Agent Gear, tools, and other (per man)
Index A $450 $200 $630
Index B 503 250 753
Index C 556 300 856
Index D 631 350 981
Index E 706 400 1106




As before, Index AA airports and those with limited or no

certificates are treated as Index A airports.

The distribution and total cost of equipment and materials as
a function of airport index are presented in Table 2-7. The
annual cost of $3.697 million is slightly more than 3% of the

total cost of CFR.

2.6 Cost Summary

The total annual cost of CFR equipment and services in the United
States is $115.321 million. This cost is broken down by airport
index and by expenditure category in Table 2-8. The 43 Index D
and Index E airports considered in the calculations account for
about 37% of the national cost of CFR. The 134 airports in
Indexes C, D, and E—23% of the 578 airports considered-—account

for 74% of the total national cost.




Table 2~7: CFR Equipment and Material

by Airport Index

Total Annual Cost per
Cost ($K) Airport ($K)

Index E 849 (23.0%) 50
Index D 686 (18, 6%) 26
Index C 1,281 (34.6%) 14
Index B 373 (10.1%) 5
Index AA 195 ( 5. 3%) 2
Index A 225 ( 6.1%) 1
Limited
Certificate 49 ( 1.33) 1
No
Certificate 39 (1.1%) 0.
Total 3,697

25




Table 2-8: Summary of Annual CFR Costs by Airport Index

f

4
& and Expenditure Category ($K)
]

Total
Manpower Vehicles Buildings Equipment by Index

3 Index E 18,374 1,905 1,240 849 22,368 (19.4%)
j a
| Index D 16,327 2,044 1,256 686 20,313 (17.6%)
! Index C 34,187 3,803 2,840 1,281 42,111 (36.5%)
z
Index B 9,601 1,701 736 373 12,411 (10.8%)
Index AA 5,107 1,418 338 195 7,058 (6.1%)
3
Index A 5,890 1,254 456 225 7,825 (6.8%)
Limited
Certificate 1,294 373 126 49 1,842 (1.6%)
No
Certificate 1,021 133 200 39 1,393 (1.23%)
Total by 91,801 12,631 7,192 3,697 115,321

Category (79.6%) (11.0%) (6.2%) (3.2%)
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3.0 CFR BENEFIT ANALYSIS

3.1 General Approach

The purpose of this chapter is to describe and analyze the data
that this study has collected on CFR benefits in order to esti-
mate a dollar value for those benefits. The benefits provided

by CFR fall into three areas.

1. Preventing property loss. When an aircraft crashes,

catches fire, and CFR puts the fire out, this increases

the salvage value of the aircraft hull.

2. Preventing human loss. CFR prevents two types of

human loss. First, when an aircraft crashes and

catches fire, prompt action by CFR can save lives and
reduce the number of injuries. Second, insofar as CFR
makes flying safer and lowers the level of anxiety

and nervousness of passengers, CFR provides a psychological

benefit.

3. Non-crash service benefits. CFR can prcvide benefits

if an airport experiences fuel spills, grass fires,

structural fires, first aid calls, or similar problems.

The property loss and human loss benefits that CFR provides are
examined for air carrier operations in 3.2. Since most CFR

benefits result from air carrier operations, this is where the
bulk of the effort is concentrated. Brief overviews are civen

CFR benefits for commuter airlines and air taxi operations in

28
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3.3, and for general aviation in 3.4. Non-crash benefits

are discussed in 3.5.

In summary, this chapter estimates the dollar value

of the benefits provided by CFR over the period 1966-1978. This
gives us an idea of what CFR is capable of doing, and it pro-
vides a basis for projecting the benefit that future expendi-

tures on CFR would provide.

3.2 Air Carrier Accidents

3.2.1 The Data

aAll previous discussions of CFR have been hampered by the fact

that there were no good data on the benefits provided by CFR.

Various people had anecdotal evidence about what CFR did or did
i not do in particular cases or at particular airports, but there

was no systematic compilation of data that could serve as a

foundation for discussion. One of the main purposes of this
report is to assemble this data and to make it available to

decision-makers and other interested parties.

This section discusses the process by which data on actual,
realized CFR benefits were gathered. All U.S. air carrier acci-
dents from 1966 through 1977 were examined. 1966 was chosen as

the first year for which to collect data because prior to 1966
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piston-driven aircraft, now relatively rare, comprised an
important part of the national aircraft fleet. Therefore, data
from earlier years would have been of limited relevance to an
understanding of the current and future benefits of CFR. 1977
was the last year for which complete accident records were
available. However, though records for all 1978 accidents were
not available, one accident for which records were available is
included in the data. This is the Continental Airlines DC-10
accident that occurred in Los Angeles on March 1, 1978. This
accident, in which CFR is estimated to have saved 98 lives and
about $10million worth of hull, is the most dramatic example of
an accident in which CFR can provide a sizecwle benefit. Thus,
the data on benefits cover the years 1966-1978, but it should
be kept in mind that only cone 19738 accident has been considered

in the analysis.

Data on CFR were gathered by taking three passes through the
accident records compiled by the National Transportation Safety
Board (NTSB). These records included the accident briefs con-
tained in "Annual Review of Aircraft Accident Data ~ U.S. Air
Carrier Operations" for the years 1966-1977, NTSB Aircraft

Accident Reports, and the original NTSB accident files.

The various types of accident records contzin informatien of




increasing complexity. The accident briefs used for the initial
review, for example, include identifying data for each occur-
rence, such as date, location, and name of the air carrier in-
volved. There is also a short description of the type of acci-
dent, the causal factors, pertinent weather details, and an in-

dication of whether or not fire occurred in the accident.

The complete accident file is usually available in two forms: the
published "Blue Book" or NTSB Accident Report, and the actual file,
most of which are stored at the Federal Records Center 11 Suit-
land, Maryland, although more recent files are held at the NTSB
document room at 800 Incdependence Avenue, SW, Yashington, DC.

4 If the blue book was available, it was used to assess CIR bene-
fits. If not, the actual file was used. The more detailed

files provide comprehensive discussions of all of the informa-

tion summarized in the accident briefs as well as other items not

covered at all in the briefs. There is a discussiocn of airport

firefighting and rescue facilities and their respcnse *to the acci-
dent, as well as an account of the survivability of the accident
with regard to impact forces and subsequent propagation of fire,
if any. Also included is a chronology of the accident, including

transcripts of cockpit vecice recorders. ,

The first pass through the records culled out those accidents for

wnich there was definitely no chance of CFR providing any benefit.
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These accidents were enroute accidents (such as turbulence acci-
dents, usually involving only one or two moderate injuries),
accidents where all occupants were dead on impact, and accidents ;
well away from the immediate vicinity of airports. Of the 628 air
carrier accidents f;om 1966 through 1978 that were reviewed, 406 !
were determined to have provided no opportunity for a CFR benefit.

This left 222 accidents for which CFR possibly provided a benefit.

The second pass through the data examined these 222 accidents in
more detail. These 222 accidents are listed in Appendix B. It
was determined that 133 of these accidents definitely provided
no CFR benefits; these accidents are listed in Appendix C, where i
the reason why there were no CFR benefits is given. This left

89 accidents for which CFR might have provided benefits.

The third pass through the data studied the remaining €9 accidents !
in greater detail. For €2 of these accidents, listed in Appendix |
D and described in Appendix F, the full NTSB records were studied.
For the remaining 27 accidents, listed in Appendix E, the full
NTBS records were missing; therefore, these accidents were studied
by examining the summary NTSB briefs and by making telephone calls.
For each accident, estimates were made of the CFR benefits in

terms of the number of lives saved, the number of injuries pre-
vented, and the value of the portion of the aircraft hull that was

saved by CFR. Most of these accidents were discussed by the

working group composed of representatives of the organizations listed




in Chapter 1. The group estimated not only actual CFR benefits

put also the benefits that might have resulted from "perfect"”
CFR with zero response time and from ideal CFR with a three-
minute response time. The determination of CFR benefits under
the two hypothetical conditions would help to place upper bounds

on CFR benefits achievable in the future.

The outcome of the discussions of the working group was agreement
on the benefits provided by CFR for each accident. Thus, three

numbers have been assigned to each accident:

e number of deaths prevented by CFR;
e number of injuries prevented by CFR;

e percentage of the aircraft hull saved by CFR.

This information is given for each accident in Appendix G. For
those 42 accidents that actually provided a CFR benefit, this
information is given in Table 3-1. Sections 3.2.3 and 3.2.4

are devoted to placing a dollar value on these benefits. (The
numbers in parentheses in Table 3-1 show lives lost due to fire

and, hence, lives that could have been saved by perfect CFR. For
more details, see Appendix G.) Figure 3-1 summarizes the way that
the 628 air carrier accidents were treated in the three passes.

It is not likely that additional information regarding those accident

for which the detailed National Transportation Safety Board records

were not available would change the benefit analysis significantly.




Table 3-1: Air Carrier Accidents that Provided an Actual CFR

Benefit, 1966-1978

Percent
CFR of Hull Lives Injuries
Date Index Location Aircraft Saved Saved Prevented
6-17-66 C  Chicago/Midway CV440 80 0 R
10-18-66 E -+ Los Angeles B707 20 0 0
11-26-66 C Oakland B707 10 0 0
1-23-67 E San Juan Cv640 50 0 0
2-17~67 D Atlanta M404 10 0 0
4~ 8~67 E Chicago/0O'Hare Nord 262 70 0 0
4-25-67 E San Juan CvVo640 60 0 0
7-23-67 C Des Moines Cv340 60 0 0
11- 6-67 D Erlanger B707 25 0 0
7- 2-68 D Philadelphia DC7 50 0 0
12-27-68 E Chicago/0O'Hare CV580 20 0 0
6-24~69 A Moses Lake cvaso 10 0(2) 0
10-16 <69 C Stockton. DCS 10 0 0
3- 4-70 D New York/LGA S61L 100 ) 0
5-18-70 E San Francisco L382 80 0 0
6~ 9-70 C Bangor DC8 20 0 0
9- 3-70 E New York/JFK DC8 5 0 0
12-28-70 C St. Thomas B727 20 0 0
6- 7-71 AA New Haven cv580 0 1 0
8- 8-71 E Honolulu viscount 85 0 0
12-17-71 E Houston BE99 10 0 0
5-10-72 D Atlanta DCS 85 0 0
5-18-72 D Ft. Lauderdale DC9 20 0 0
5-30-72 E Ft. Worth/GSW DC9 10 0 (1) 0
8-13-72 E Mew York/JFK BR707 85 0 0
9- 1-72 E New York/JFK B747 95 0 4
11- 1-72 D St. Louis B707 95 0 0
3- 5-73 D Denver B707 75 0 0
6-20-73 c Bangor DC8 70 9] 0
6-23-73 E New York/JFK DC8 90 0 0
8- 8-73 E Washington/IAD B727 10 0 0
11- 3-73 E Boston B707 25 0 0
12-17-73 E Boston DC10 75 0 0
12-17-73 C Greensboro DCY 75 5 0
1- 4-74 D Tampa B727 95 0 0
6-24-75 E New York/JFX B727 0 9 0
8-16-75 C Portland B727 95 0 0
3-25-75 E New York/JFK DC1l0 80 20 17
2-16-76 D Denver B727 90 0 0
4-27-76 C St. Thomas B727 35 o (17 0
11-16-76 D Denver DC9 25 0 0
3~ 1-78 E Los Angeles DClQ 30 98 (2) 19




Figure 3-1: Disposition of the 628 Air Carrier

Accidents, 1966-1978

€28 Number of accidents
222 406  No CFR benefits,
- eliminated by pass
, one
89 133 No CFR benefits,
/ \ eliminated by pass two
2 27 NTSB records missing

6
) -
C::;:::;ents studied in detail in pass three




AR NSO 7 R Pt e |

The accidents of foreign air carriers in the United States are
included in the data base. Accidents that occurred

in Alaska were excluded for the reasons discussed in Chapter 1,
as were accidents invoiving amphibious aircraft or seaplanes
landing in the water and all accidents in Vietnam and other

areas of Southeast Asia during the late 1960's.

3.2.2 Descriptive Statistics Relevant to CFR

Some of the data on CFR accidents that were gathered in the course
of prevaring this report will now be displayed in figures and
tables to give the reader a feel for the number of accidents, the
number of people involved, the value of aircraft hulls involved,
and how these have varied over time. These statistics are now

available for the first time.

Figure 3-2 shows the number of air carrier accidents from 1966

to 1977 for which CFR might have provided a benefit; these are
the 222: accidents referred to in 3.2.1. It is true that CFR

did not provide a benefit in all these accidents, but these are
chosen as the "CFR-relevant" accidents which might well have
provided a CFR benefit if conditions had been a little different.
(The graph for accidents in which CFR provided an actual benefit
is not shown; the small sample makes such.a graph difficult to

interpret.) It is seen that the number of accidents goes down

fairly steadily over time. Possible exnlanations £or this are
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the declining number of operations over the last five years,
safer technology, and greater pilot familiarity with jet aircraft,

which were mainly introduced into the fleet in the 1960'3.

Figure 3-3 shows the aVerage number of occupants for CFR-relevant
accidents. It is seen that this curve has an upward trend, with
the last two years probably representing a statistical artifact.
The explanation for this trend is simply that as bigger aircraft

are used, the number of occupants in crashes goes up accordinaly.

The last two figures showed that the number of CFR-relevant acci-
dents has been going down while the average number of occupants
per plane has been going up. Figure 3-4 shows that these two
forces have roughly canceled each other out, and the number of
occupants exposed to CFR-relevant accidents has stayed fairly
constant over the vears, though with significant year-to-year
variations. The conclusion is that despite the decreasing num-
ber of CFR-relevant accidents, the importance of CFR in terms of
the number of people involved in those accidents has remained

about the same.

Figure 3-5 shows the annual values of the aircraft hulls involved
in CFR-relevant accidents. (The procedure for valuing hulls is
described in 3.2.3). It is again seen that despite the decreasing

number of accidents, the value of hulls involved has remained

fairly constant cver the years; again, there is significant vear-
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to-year variation.

Turn now from the potential CFR benefits to the actual, realized
benefits that were turned up in the search of the NTSB records.
Table 3-2Z shows the number of lives saved by CFR each year:;

for purposes of comparison, the total number of air carrier
fatalities is shown. The last column shows the percentage of
potential fatalities that were saved by CFR. "Potential fatali-
ties" is defined to be the sum of actual fatalities and the num-
ber of lives saved by CFR. It is seen that over 1966-1978, of
the potential fatalities in air carrier accidents, CFR managed
to save 4.06 percent of them. Moreover, 74 percent of the

lives saved by CFR over this thirteeﬂ;year period were in the

one accident in 1978. 1In most years, CFR saved no lives.

3.2.3 Placing a Dollar Value on the Propertv Loss Prevented

by CFR

Table 3-1 shows how much of the aircraft hull CFR was able to
save in each of the accidents where CFR provided an actual bene-
fit. The task now is to determine for each year and each air-
port index the value of aircraft hulls that were saved by CFR.
The method used is to determine first a value for the hull and
then to multiply this value by the percentage of the hull that

was saved.
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Table 3-2: Number of Lives Saved by CFR, Number of

Air Carrier Fatalities, and Percentage of Potential

Fatalities Saved by CFR, 1966-1978

Total Percent of Poten-
Lives Saved Air Carrier tial Fatalities

Year by CFR Fatalities Saved by CFR
1966 0 272 0.00
1967 0 236 0.00
19638 0 349 0.00
1969 0 158 0.00
1970 0 146 0.00
1971 1 203 0.05
1972 0 190 0.00
1973 5 227 2.20
1974 0 467 0.00
1975 29 124 23.39

‘ 1976 0 45 9.00

'[ 1977 0 656 0.00
1978 98 154 63.64
Total 133 3277 4.06




The assumed value of the hull for each relevant type of aircraft

is given in Table 3-3. These values are based on those derived
in previous FAA studies of accident cost performed within the
Office of Aviation System Plans. They are replacement costs
based on reasonable market values at the time of the occurrence
averaged over the period of the review (1966-1977). The values

are expressed in 1979 dollars.

Where a benefit is assumed to have occurred in an aircraft acci-
dent, the portion of the hull saved was estimated. Multiplying
the relevant hull value by the percentage of the hull saved

gives the value of the aircraft hulls saved by CFR. These

values are given for each year and for each airport index in
Table 3-4. It is seen that the total value of the property

saved by CFR is $214.45million over this time period. It is

also seen that the bulk of the benefits accrues at the larger
airports; the Index A, AA, and B airports and those with limited
certificates account for only $1.2 million, which is 0.56 percent

of the total benefit.
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Table 3-3: Value of the Hull of Each Type of Aircraft

Tyve of Aircraft

Wide-body Jet
(e.g. B747, DC1l0)

Four-engine Jet
(e.g. B707, Cv880, DC8)

Three-engine Jet
(e.g. B727)

Two-engine Jet
(e.g. B737, DC9)

Four-engine Turboorop
(e.g. CL44, L382, Viscount)

Two-engine Turboprop
(BE99, CV580, CV640, N262)

Four-engine Piston
(DC4, DC7)

Two-engine Piston
(CV340, CV440, M404)

Helicopter
(e.g. S61L)

Light Aircraft

Source: Reference 3.13.
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{ Table 3-4: Value of Aircraft Hulls Saved in

Air Carrier Accidents by CFR,

y
1966-1978 (Millions of Dollars)
A 1 r » o r ¢t I n d e x

Year L A AA B c D E Total
1966 1.60 2.40 4.00
1967 0.30  3.05  3.60 6.95
1968 0.50  0.40 0.90
1969 1.20 1.20 2.40
1970 4.00 1.50 3.80 9.30 3
1971 _ 3.60 3.60 |
1972 17.70 44.05 61.75 .
1973 12.90 9.00 40.85 62.75
1974 7.60 7.60
1975 7.60 28.00  35.60 ;
1976 0.40 8.70 9.10 5
1977 0.00 E
1978 10.50  10.50 |

Total 0.00 1.20 0.00 0.00 28.00 48.05 137.20 214.45 ;
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3.2.4 Placing a Dollar Value on the Human Loss Prevented by CFR

The benefits provided by CFR in preventing human loss fall into
two areas. First, CFR provides the benefit of reducing the num-
ber of deaths and injuries resulting from accidents. The number
of deaths and injuries prevented by CFR in air carrier accidents
from 1966 to 1978 has been estimated by going through the NTSB
records, as explained in 3.2.1. The figures for the number of
deaths and injuries prevented by year and airport index, drawn

from Appendix G, are shown in Tables 3-5 and 3-6, respectively.

The question of how to value these deaths and injuries in terms

of dollars is postponed for a few paragraphs.

However, at this stage it should be remarked that there is no

necessary reason why these lives and injuries must be expressed

as dollar values. Instead of representing benefits as a single

dollar value, benefits could be expressed as three values—dol-
lars, lives, and injuries, where the saved hulls and the non-

crash benefits are expressed as dollars, but lives and injuries
area not. This approach has the advantage of avoiding the deli-

cate question of how to turn lives into dollars; the disadvan-

tage is that it is easier to base decision-making on one value
ratner than three. For a discussion of both the theoretical and
practical aspects of decision-making based on more than one at-~ i

tribute, consult Ref. 3.7.




Table 3-5: Number of Lives Saved by CFR in

Alr Carrier Accidents, 19%966-1978

A 1L r p o r t I n d e x
Year L A AA B c 2} E Total
1966 0
1967 0
r 19638 ‘ 0
1969 0
: 1970 0
f 1971 1 1
: 1972 0
1973 ' 5 5
1974 0
1975 29 29
; 1976 0 }
1977 0 é
1978 98 98
? Total 0 0 1 0 5 0 127 133
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. Air Carrier Accidents, 196€6-1978
;
: A I r p o r t I n d e x
3 Year L A am B c D E
4 1966
; ' 1967
‘ 19638
1969
1970
1971
1972 ’ 4
1973
1974
1975 17
1976
1977
1978 19
Total 0 0 0 0 0 0 40
]
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: Table 3-6: ©Number of Injuries Prevented by CFR in

Total

19

40




The second type of benefit that CFR provides, at least potential-
ly, is the psychological benefit of reducing the level of anxiety
among passengers. That is, it is well-known that some people be-
come nervous and upset when flying. If flying could somehow be-
come perfectly safe, then presumably these people would no longer
be nervous and upset; this is something that these people would
pay some amount of money to achieve, and this is a benefit.
Therefore, insofar as flying is made safer, though not perfectly
safe, it seems likely that at least some paésengers will be less
anxious and more serene. This is termed the psychological bene-
fit of CFR. That is, not only does CFR prevent deaths and inju-
ries, but it also arguably provides psychological benefits by
making nervous passengers a little less anxious and a little more
serene. Two questions arise concerning these psychological bene-~
fits of CFR: How important are these benefits? How are they

measured?

The importance of the psychological benefits of CFR cannot be
definitively determined at this time, but some remarks can be
made. While it is undeniably true that some people become
very nervous while flying, casual observation indicates that
this trait is disappearing as modern man becomes used to air
travel and to its low accident rates. Moreover, even insofar
as there is nervousness, CFR only abates it somewhat. For
example, as Table 3-2 shows, of the potential air carrier

fatalities from 1966 to 1978, CFR only prevented roughly 4 percent
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of these potential deaths. This suggests that psychological
benefits, while of some importance, do not bulk large in the

benefits provided by CFR.

But, how in principle, would one go about measuring these psy-
chological benefits? Careful study of this gquestion leads to
the conclusion that there is no way to measure the pure psychol-
ogical benefit standing alone; but it is possible to measure

the total human benefit of CFR, including the benefit of saving
lives, the benefit of preventing injuries, and the psychological
benefit. That is, using the currently accepted method of valuing
improved safety, the human benefit as a whole can be measured
even though its components cannot. This method, called the
willingness-to-pay approach, has been developed by economists
over the last 10 years; the basic publications are Refs. 3.1
through 3.11 (excluding Ref. 3.7). This modern approach will

now be explained.

Suppose that the decision of whether to have CFR at a particular
airport is being considered. A particular person who uses that
airport is then made aware of what CFR does and what the conse-
quences of having the CFR at that airport are likely to be. 1It
is then determined in some way, perhaps by asking this person,
what the maximum amount is that this person would pay in order to
have CFR at this airport. Let the mﬁximum amount that this per-
son would be willing to pay personally in order to have CFR be
symbolized by M. M is then interpreted as the dollar value of

CFR to this person; M is how much this person is willing to pay
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for the services that CFR provides. Therefore, M includes the
value of the possibility that CFR will save the life of this per-
son or others, the possibility that CFR will prevent injuries,
and the psychological benefits provided by CFR. M is the sought-
after dollar measure of the human benefit of CFR for this person.
For purposes of cost-benefit analysis, the M's of all individuals
are added together, and this is the total dollar benefit of CFR.

This is the number that is compared to cost.

It should be pointed out that this willingness-to-pay approach is
based on an ex ante evaluation of CFR. That is, the person is
asked to place a value on CFR for a given time period, and he

does this before the time period begins. This is to be contrasted
with an ex post approach in which the value of CFR for a given
time period is estimated after that time period is over. It
should be emphasized that the ex ante approach is unquestionably
the proper approach to use for purposes of decision-making. The
only way to make a decision is to base it on the prospective bene-
fits in a coming period. The ex post approach cannot be used for
decision-making, since by the time a pericd is over and an ex post
evaluation of benefits can be carried out, it is obviously too
late to use that evaluation to decide what decision should be made
for that time period. It 1is true, nevertheless, that the ex ante
evaluation o0f a future time period is often based on an ex post

evaluation of a past time period, since the past is one of the

main guides to the future.




Another advantage of the ex ante approach is that it allows the
psychological benefits to be measured, as explained above. 1In
contrast, the ex post approach, while it can count deaths and
injuries prevented, has no way of measuring and valuing the
anxiety prevented. Therefore, the ex ante, willingness-to-pay
approach has the double advantage of being the only approach
that is appropriate for decision-making and that can measure

psychological benefits.

The value of a life can be derived in the willingness-to-pay
approach in the following way. Suppose that a person is willing
to pay $0.30 to reduce his probability of death by one in a mil-
lion. Now suppose there are one million people each of whom is
willing to pay $0.30 for a reduction in probability of death of
one in a million. Thus, with a million people each receiving a
raduction of one in a million in the probability of death, it is
expected that one death will be prevented. With one million peo-
ple paying $0.30 each for this reduction in the probability of
death, as a whole they pay $300,000. That is, $300,000 is paid
to prevent one expected death, and this is defined to be the
value of a life. Similarly, the value of an injury can be de-

fined.

In summary, the willingness-to-pay method is the theoretically
appropriate way to value the human benefits provided by CFR.

tlowever, no willingness-to-pay study of CFR has been carried out:




and indeed, it is not clear that such a study would be feasible.
Therefore, the value of human benefits is approximated by the

equation

HB = L VL + I VI + VP

where the symbols have the following definitions:

HB: value of the human benefits provided by CFR
L: number of lives saved by CFR '
V. : wvalue of a single life
I: number of injuries prevented by CFR
VI: value of a single injury
V,: total value of the psychological benefits provided
by CFR.

Over the period 1966-1978, the number of deaths and injuries pre-
vented by CFR has been determined and is shown in Tables 3-5 and
3-6. The values provided by the FAA for the value of a life and
of a seriocus injury are $300,000 and $45,000, respectively, in
1974 dollars. Therefore, in April 1979 dollars we have

V. = $430,000 and VI = $64,000.

)

Thus, the only term in the equation for HB that has not yet been
given a value is Vp, the value of psychological benefits. Unfor-
tunately, a major study would have to be carried out to measure

Vp, and this study has not been done. Therefore, all that can be

X

done is to estimate the value of VP' One suspects that the more

deaths and injuries that are prevented by CFR, the more CFR would
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allay nervousness and the higher VP would be. To capture this

fact, V, is tentatively assumed to be given by

VP = a (L VL + I VI),

where a is an unknown. For purposes of calculation, we assume
that a=1.0. That is, it is assumed that the psychological
benefits are equal to the dollar benefits of preventing deaths
and injuries. This assumption, which, if anything, seems to
overstate the psychological benefits, is made'to ensure that
benefits are not understated. It must be admitted that this
method of placing a value on the psychological benefits of CFR
contains considerable uncertainty, but there is no alternative.
since no detailed study of these psychological benefits has

been carried oﬁt. Nevertheless, this ambiguity over the psycho-
logical benefits in no way cripples this study, since, as will
be seen, the conclusions are not sensitive to even large changes

in the psychological benefits.
We can now write the dollar value of the human benefit of CFR as

HB = 430,000L + 64,000I + 1.0 (430,000L + 64,000I) (3.1)

To calculate the human benefits for 1966-1978, substitute into

equation (3.1) the values of 133 and 40 for L and I, respectively,

and £ind that

HB = $119,500,000
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The conclusion, therefore, is that over the period 1966-~1978 CFR
provided $119,500,000 in benefits in terms of lives saved,

injuries prevented, and psychological benefits.

This aggregate figure will now be broken down by year and air-

port index. Table 3-7 shows the benefits for each year. The

yearly benefits for saving lives and preventing injuries are
obtained by multiplying the figures in Tables 3-5 and 3-6 by
$430,000 and $64,000, respectively. The total benefit for saving

lives and preventing injuries is seen to be $59,750,000; there-

fore, by assumption, the total psychological benefit is also
$59,750,000. The following approach is used to allocate this

1 total psychological benefit among the individual years.

i Table 3-8 shows the number of revenue passenger enplanements for
1966-1978 and each year's percentage of the total enplanements

for these years. Each year's psychological benefit is obtained

by multiplying that year's percentage of enplanements by the
psychological benefit for the entire period. For example, for
1966, the psychological benefit is $2,706,675=859,750,000 x 0.0453.
The rationale for this approach is that the psychological bene-
fits are closely related to the amount of passenger activity.

An alternative approach would be to assume that the psychological
benefit in each year is proportional to the value of lives saved
and injuries prevented in that year. This approach is not used,

however, since it suffers from the flaw of assigning zero




Year

1966
1967
1968
1969
1970
1971
1972
1973
1374
1975
1976
1977
1978

Total

Note:

Table 3-7: Benefits Provided by CFR in Air Carrier

Accidents, 1966-1978 (Millions of Dollars)

Lives Injuries Psychological Total
0 0 2.707 2.707

0 0 3.274 3.274

0 0 3.722 3.722

0 0 3.967 3.967

0 0 4.254 4.254
G.43 0 4.314 4.744
0 0.256 4.684 4.940
2.15 0 5.013 7.163
0.00 0 5.133 5.133
12.47 1.088 5.055 18.613
0 0 5.491 5.491

0 0 5.921 5.921
42.14 1.216 6.214 49.570
57.19 2.560 59.750 119.500

Components may not add to totals due to rounding.
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% Table 3-8: Revenue Passenger Enplanements for U.S. Air ;

| Carriers, 1966-1978 (Millions)

Revenue Passenger Percentage

‘ Year : Enplanements of Total

|

; 1966 111.0 4.53

;‘ 1967 134.4 5.48

g 1968 152.9 6.23
1969 162.9 6.64

] 1970 174.7 7.12

: 1971 177.0 7.22
1972 192.4 7.84
1973 . 205.8 8.39
1974 210.6 8.59
1975 207.5 8.46
1976 225.5 9.19
1377 243.1 9.91
1378 255.0 10.40

2,452.8

Notes: (a) Prior to 1970, carriers reported revenue passenger
originations, not revenue passenger enplanements.

(b) The figure for 1978 is estimated.




psychclogical benefits to years such as 1977 in which no lives
were saved or injuries prevented; this is an intuitively unac-
ceptable result, since one expects psychological benefits to

accrue continuously with airport activity.

It now remains to break each year's bpenefit down by airport
index. The value of lives saved and injuries prevented is
easily broken down using the figures in Tables 3-5 and 3-6: the
sum of the value of lives saved and the value of injuries pre-
vented is shown in Table 3-9, broken down by year and airport
index. =EZach year's psychological benefit is broken down by
airport index by assuming that the percentage of the year's
psychological benefit assigned to an index equals the percentage
of the year's revenue passenger enplanements that occur at that

index.

Table 3-10 shows the percentage of the year's revenue passengers
for each index for 1978, which is assumed to be a representative
year. Thus, for example, 42.44 percent of each year's psvcho-
logical benefits are assigned to Index E airports. Each year's
psychological benefits can now be broken down by index, and the
results are shown in Table 3-11. Adding Tables 3-9 and 3-11
yields Tabie 3-12, which is the dollar value of the human bene-

fit provided by CFR, broken down by vear and airport index.
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Year

1966
1967
1968
1969
13876
1971
1972
1973
1974
1375
19756
1377

1978

Table

e

3-9:

Alr Carrier Deaths and Injuries

Broken Down by Year and Airport Index

ﬂMillions of Dollars)

A 1 P O r t I n e X
A AA B c D E Total
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 6
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0.430 0 0 0 0 0.430
0 0 0 0 0 0.256 0.256
0 0 0 2.150 0 0 2.150
0 0 0 0 0 0 0
0 0 0 0 0 13.558 13.558
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 43.356  43.356
0 0.430 0 2.150 0 57.170 59.750
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Table 3-10: Number of Enplaned Revenue Passengers by ?

Airport Index, 1978 X

Number of Percentage
Index Enplaned Revenue Passengers of Total
E 111,323,447 42.44
D 82,423,808 31.42 ;
C 56,271,8456 21.45
B 8,480,008 3.23
AA 2,078,976 0.79 ﬂ
A 1,656,755 0.63 {
Limited 100,000 0.04
§
262,334,840 100.00

Notes: (a) Enplanements obtained from Airport Activity

Statistics of Certificated Route Air Carriers,
12 Months Ended December 31, 1978, Civil Aero-
nautics Board, Federal Aviation Administration;

airport indexes obtained from FAA airport certifi-
cation list, January 1979.

(b) Limited certificate category estimated on the
basis of 50 airports at 2,000 enplaned passengers

each.
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Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1875
1976
1977
1978

Total

Note:

Table 3-11:

Air Carriers Broken Down by Year and Airport Index

pet

0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

Components may

Psychological Benefits Provided by CFR for

(Millions of Dollars)

r p o t n d e

A an B c D
0.017 0.021 0.087 0.581 0.851
0.021 0.026 0.106 0.702 1.029
0.023 0.029 0.120 0.798 1.169
0.025 0.031 0.128 0.851 1.246
0.027 0.034 0.137 0.912 1.337
0.027 0.034 0.139 0.925 1.355
0.030 0.037 0.151 1.005 1.472
0.032 0.040 0.162 1.075 1.575
0.032 0.041 0.166 1.101 1.613
0.032 0.040 0.163 1.084 1.588
0.035 0.043 0.177 1.178 1.725
0.037 0.047 0.191 1.270 1.860
0.039 0.049 0.201 1.333 1.952
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1.149

1.389

not add to totals due to rounding.
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Table 3~12: Human Benefits Provided by CFR for Air Carriers
Broken Down by Year and Airport Index

(Millions of Dollars)

A i r p o r ¢t I n d e x

Year

[l
|
1z

B c D E Total

1965 ¢.001 0.017 0.021 0.087 0.581 0.851 1.149 2.707
1967 0.001 0.021 0.G26 0.106 0.702 1.029 1.383 3.274 1
1968 0.001 0.023 0.029 0.120 0.798 .169 1.580 3.722

1969 0.002 0.025 0.031 0.128 0.851 .246 1.684 3.967

1

1
1970 0.002 0.027 0.034 0.137 0.912 1.337 1.805 4.254 ﬁ
1971 0.002 0.027 0.464 0.139 0.925 1.355 1.831 4.744 i
1972 0.002 0.030 0.037 0.151 1.005 1.472 2.244 4.940 é
1973 0.002 0.032 0.040 0.162 3.225 1.575 2.128 7.163
1974 0.002 0.032 ©€.041 0.166 1.101 1.613 2.178 5.133
1975 0.002 0.032 ©.040 0.163 1.084 1.583 15.703 18.613
1376 0.002 0.035 0.043 0.177 1.178 1.725 2.330 5.491
1977 0.002 0.637 0.047 0.191 1.270 1.860 2.513 5.921

1978 0.002 0.039 0.049 0.201 1.333 1.952 45.993 49.570

Total 0.023 0.377 0.902 1.928 14.965 18.772 82.527 119.500

Note: Components may not add to totals due to rounding.




A word should be said about the accuracy of the figure used here
for the value of life. There are two different ways to apply
the willingness-to-pay approach in order to obtain a value of
life. The first method is to infer the value of life from ob-
served behavior. For example, Thaler and Rosen (Ref. 3.10) in-
fer from wage differentials among risky jobs that the value of
life to an individual is $422,000. Blomquist (Ref. 3.3) infers
from seat-belt usage that the value of life to an individual is
$400,000. The second method of arriving at the value of life
is to ask a person directly how much he would pay to decrease
his probability of death by a given amount. Acton (Ref. 3.1,
Ch. VI) uses a questionnaire about heart attacks to infer a
value of life of $47,000. Jones-Lee (Ref. 3.6, Ch. 6) uses a
questionnaire to derive a value of life of something over a
million dollars. (All figures in this paragraph are in April

1979 dollars.)

t is seen that the value of life figure provided by the FAA,
while not derived by an ex ante, willingness-to-pay approach, is
fairly close to typical values that some studies using this
approach have found. Nevertheless, no consensus on the value of
life has yet emerged from the literature. Future work could
carry out a willingness-to-pay approach that dealt with the
specific features of CFR; this would both provide a figure for
the value of life and alsoc provide a measurement of the psycho-

logical benefits of CFR.
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3.3 Commuter Airline and Air Taxi Accidents

All accident briefs for commuter and air taxi accidents from
1973 through 1978 were examined, and it was found that there
were 246 which involved fire and which were fairly close to

an airport. There were 58 fatalities in these accidents. It

is estimated that CFR saves 0.5 lives per year in these accidents.
This figure, which is probably an overstatement of CFR benefits,
is based on general considerations rather than on a reading of
detailed accident reports, which often do not exist. These
general considerations include the ease of self-evacuation in
the small aircraft typically used by commuter airlines and

air taxis and the lack of CFR at many of the airports where

commuters and air taxis operate.

Of the 246 accidents examined, only 10 involve fire at an
airport with CFR and an aircraft damage report of "substantial"
rather than "destroyed." Thase are the only accidents, therefore,
in which CFR could have played a role in reducing property damage.
The damage prevented in these accidents by CFR is generously
estimated to be $5 million over the 5-year period, or $1 million
per year:; this figure is significantly lower than the $17.871
million per year estimated to be saved by CFR in air carrier

hull damage.
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3.4 General Aviation Accidents

Even though there are some 1500 general aviation KGA) accidents
each year, there is relatively little chance for CFR to provide
benefits. There are three main reasons for this. First, many
GA accidents are at airports were there is no CFR. Second,
because GA aircraft typically have low landing speeds, accidents
are often less serious than air carrier accidents. Combining
this with the fact that self-evacuation is much easier from a
smaller GA aircraft means that there is not much scope for CFR
to save lives. Third, since the aircraft are relatively small,
if a fire does break out it is likely to engulf the entire
aircraft before CFR arrives; this is especially likely since
the aviation gasoline used by many GA aircraft catches fire
easier and burns faster and hotter than jet fuel. Consequently,
it is much harder for CFR to salvage any of the hull in GA
accidents. So much for general considerations; now turn to

the evidence on human and property loss.

Examination of records to date has not produced an instance of

the saving of life or reduction of injury by CFR in a general
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aviation accident. Such an accident would have to occur, of
course, at a certificated airport or at one of the estimated 100
general aviation airports with CFR. Interviews with personnel

at some of the busiest general aviation airports in California
revealed no cases of saving of life or property by CFR. The

few accidents that did occur at the airports or near them resulted
either in all passengers dead on impact or all of them out of the
aircraft on arrival of CFR. Based on these findings, the number
of lives saved and injuries prevented by CFR in GA accidents is

taken to be zero.

Property damage was investigated not only through interviews but
also through a computerized analysis of the GA accident tapes
compiled by the NTSB. For the years 1973-1975 these tapes were
searched for accidents which met four conditions:

(1) the accident was on the airport surface;

(2) there was fire after impact;

(3) ground fire fighting equipment put out the fire:

(4) the aircraft was not totally destroyed.

These four conditions must be met if CFR is to provide a property
loss benefit. It was found that virtually no accidents met these
conditions. Accordingly, it is assumed that the annual hull savings
benefit is $0.1 million for general aviation. This somewhat
generous figure is chosen to make sure that benefits are not

understated and to allow for possible errors on the accident tapes.

It is assumed that these benefits are evenly divided among the




airport indexes. Psychological benefits are assumed to be equal i
to the total of life/injury benefits for general aviation as

well as commuter and air taxi categories. Since there is no

life/injury benefit for general aviation, however, there is no

psychological benefit, either.

3.5 Non-crash Benefits

Thus far this report has only considered the benefits that CFR
provides when responding to an actual crash. However, CFR provides
many other services, including fighting structural fires, grass
fires, automobile fires, and trash fires, washing down fuel spills,
standing by for aircraft emergencies (a crash benefit occurs only
if there is a crash), responding to medical emergencies, making
fire safety inspections, and performing a host of other functions
of an emergency nature. The discussion of these non-crash benefits
falls into two areas. PFirst, what non-crash services does CFR

provide? Second, how can a dollar value be plilaced on these services?

First, information on the non-c.ash services provided was extracted
from CFR logs that were inspected during visits to airports of
all indexes. By averaging the typical responses at the airports

visited, the following response frequencies were derived:

o fuel spill washdowns: 1l per 1000 air carrier departures
® emergency stand-bys: 2 per 1000 air carrier departures
e medieal responses: 10 per 1000 air carrier departures
e miscellaneous: 2 per 1000 air carrier departures
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The assumption that the level of non-crash services provided is
proportional to air carrier activity is justified by the nature
of these services. Fuel spill washdowns are performed almost i
exclusively for air carriers since the more complicated and lengthy
process of fueling a large aircraft leaves much more margin for

error. Fuel spills involving general aviation aircraft are

generally smaller and do not require a washdown by CFR. Emergency

stand-bys, although performed for all classes of aviation, are
required primarily by air carriers at busy certificated air-

oorts. The medical responses are predominantly first aid responses

M

and would correlate strongly with the number of passengers.

Second, a dollar value must be assigned to these non-crash services.

The principle followed is to assign to a service what it would

have cost to provide that service if there had been no CFR. In
other words, the dollar value of a service provided by CFR is

the saving that results from the fact that CFR is able to provide
that service. If there were no CFR, a fuel washdown would require
a single fire truck, while an emergency stand-by would require

two fire trucks. Miscellaneous responses are primarily small fires

and would also require a single fire truck. Medical responses, it

is assumed, would require an ambulance or paramedic.

To determine the cost of these replacement services, a number of
fire departments were contacted. No precise figure for the cost

can be given, not only because different fire departments have

69




X different charging policies but also because charging for services

provided to airports is not something that fire departments cur-
rently do. Nevertheless, some gquotations have been obtained. For
example, the Boston Fire Department charges the Massachusetts
Turnpike $500 for responding to a call with one fire truck plus

a fire chief. The Fairfax County (Virginia) Fire Department es-
timates a charge of $277 for a single fast-response vehicle, $651
for two vehicles appropriate for response to an aircraft emergency,
and $50 for an ambulance. Since the Fairfax County figures ares
typvical and also broken down intoc the detail needed, they will be
used here. Multiplying the cost per response by the number of
occurrences per 1000 air carrier departures, one obtains a total
cost of $2633 per 1000 air carrier departures. With 4,771,408 air
carrier departures in 1978, excluding Alaska (reference 3.12,

Table 2), this gives an annual benefit of $12.563 million per

year.

There is still one significant non-crash benefit which has been
omitted, nowever. That benefit was determined to exist only at

Atlanta's Hartsfield International Airport, an index D airport,

during interviews conducted in the course of the study. Atlanta's
medical records, which are kept separate from their CFR logs,

show that cardiac technicians, applying defibrillators Lo heart
attack victims, save an average of 17 people per vear. Although

the victims are transported quickly to hospitals for intensive

medical care, the fact remains that thoroughly trained CFR personnel E
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are responsible for reviving the heart beat of 17 persons every
year. Without this service, which is not otherwise conveniently
available at the Atlanta airport, the victims would surely die

at the airport with no further chance of recovery. On the basis

of a $430,000 value for human life, this benefit is $7.310 million
per year--much more than enough to pay for CFR at Atlanta. Although
similar services are performed at other airports throughout the
country by paramedics stationed near the airport, Atlanta was found
to be the only major airport which depended solely on its airport-
pased cardiac technicians. These cardiac specialists should be
distinguished from emergency medical tecnologists (EMTs), whose
valuable services, which include cardiopulmonary resuscitation

(CPR), do not encompass the use of defibrillators.

The total non-crash benefit, therefore, is $19.873 million. This
benefit is distributed among the airport indexes according to the
percentages in Table 3-10, except that the $7.310 benefit from
cardiac technicians is assigned solely to index D. The benefits
broken down by index are shown in Table 3-13. It should be emphasized
that these figures represent an upper bound on the true non-crash
benefits for two reasons. First, it is possibl~ that an airport
could find cheaper ways of replacing CFR. For example, for washing
down fuel spills, it might be cheaper for an airport to buy an old,
outmoded fire truck and use it £for nothing else rather than to pay
for the fire department's services; or it might be cheaper for the

airport to let the fuel spills go unwashed and, thus, to be forced

71

S YU R




poth o a1

Table 3-13:

AIRPORT INDEX

Annual Non-Crash Benefits
Praovided by CFR

NON-CRASH BENEFIT (millions)

$0.005

0.079

0.099

0.406

2.695

11.257

5.332

$19.873
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to replace the pavement more frequently. Second, in many cases

a local fire department would provide the service without charge.
Thus, the non-crash benefits in Table 3-13 are biased in favor of

benefits in order to avoid inadvertently understating benefits.
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3.6 Summary of CFR Benefits

The figures on CFR benefits that have been developed in this
chapter will now be brought together and discussed. 1In order
to make these figures comparable, they will be expressed in
terms of the average annual benefit. The average annual benefit
of CFR broken down by airport index and the category of benefit
is shown in Table 3-14. The figures for air carrier crash
benefits in this table are obtained by dividing the figures

in Tables 3-4, 3-9, and 3-1l1l by 12 since the tables cover a
period of 12 years. (Actually, these tables cover 12 + years
since one accident from 1978 is included; thus, benefits here
are slightly overstated.) The other figures in this table are

taken from sections 3.3, 3.4, and 3.5.

Table 3-14 shows that the estimate of the average annual benefit
crovided by CFR is €49.202 million. Two conclusions are imme-
diately apparent. First, a relatively small percentage of this
benefit comes from saving crash victims. That is, only 10.5 per-
cent of the benefit stems from saving lives of and preventing
injuries to passengers in crashes. Even if the psychological
cenefits are included, still only 21.0 percent of the benefits
are attributable to preventing human loss in crashes:; 79.0 per-
cent of the beneiits comes from saving hulls and from the
non-crasn services provided by CFR. Thus, even though discus-

sions of CFR are usually couched in terms of how many lives




butpunox o3 anp ste3zo3 o3 ppe jou Aew sjusuodwo) :IION
(39°8¥) (L pE)(BTETV) (%S T) (%L°0) (%8°0) (sv°0)

20Z°6V ET6°€C WLO LT $0S°9 6GL°0  Z9E°0 L6E"0 €61°0 Te304
{8V "0F) €48°6T ZEE'S LSZ TIT S69°C 90¥°0 660°0 6L0°0 S00°0 §37Jauag {YSeID-UON
(30°0) 000°0 000°0 000°0 000°0 000°0 000°0 O000°0 000°0 TeotbotoysLsqg
(80°0) 000°0 000°0 000°0 ©000°0 000°0 000°0 000°0 000°0 savran(ur/saav]
(82°0) 00T°0 %10°0 ¥»T0°0 ¥#I0°0 PT0°0 PHTIO°O0 ¥IO'0O ¥I0°O K3xadoag

$31JouUag YseI) UOTILTAY [eIauan

(3%°0) 00C°0 G80°0 €90°0 ¢€v0°0 900°0 200°0 T00°0 000°0 Tedotrbotoyoisyg
{3¥°0) 00Z°0 620°0 620°0 6C0°0 6T0°0 620°0 620°0 620°0 satanlur/soar]
(30°2) 000°T EYT°0 €PT°0 €¥VT°0 EVT°O EVYT°0 E€PT°O EVI“O Kiaodoag

s313j2uag ysea)
TXel ITY pue Iajnumio)d

(ST°O0T) 6L6°V €11°C V¥9G6°T 890°T 19T1°0 6€0°0 T£0°0 200°0 Teorbotoyoidsd
($T°01) 6L6°V $9L°¥Y 000°0 6LT1°0 000°0 9€0°0 000°0 000°0 satan(ur/saatl
($€°9€) TLB8 LI E€EV'TIT $00°'¥ ¢g€€£°Z 000°0 000°0 0010 000°0 K3yxadoxg

s3Tiouag ysea) Jatared ATV

al
ol
-]
2
<
I

TYILOL K |

XTAANI LJOdYIV

(SIETTOP JOSUOTTTIW) ¥4AD 3JO SITIouag [enuuy : pT-£ 2[qes




N LB v g sy

are saved, in dollar terms the hull savings and the non-crash

benefits are three times as important.

Second, the lion's share of the benefits accrues to larger
airports; 4 8. 6 percent of benefits occurs at index E airports,
34. 7 percent at index D airports, 13.2 percent at index C

airports, and a total of 3.4 percent at airports of indexes

L, A, AA, and B.

Discussion of the relationship between these benefits and the

CFR costs derived in Chapter 2 is postponed until Chapter 6.
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4.0 CFR COST PROJECTION

4.1 The Methodology for Projecting CFR Costs

PRvESS

From the information about current CFR costs appearing in Chap-

| . ter 2 and from information about the future, it is possible to

R T R N

project CFR costs into the future. This chapter first presents
a general methodology that can be used to perform this projec-

tion and then performs the projection for a sample scenario.

Before giving the details of the methodology, a number of vari-
ables must be defined. For purposes of CFR, each airport is
assigned an index based on the character of its traffic, as
explained in Chapter 1. Let i stand for the index of an air-
port. For the Indexes E, D, C, B, AA, A, L (Limited), and NC

(non-certificated), let i take on the values 1, 2, 3, 4, 5, 6,

7, and 8, respectively.

CFR expenditures can be divided into four categories:

1) manpower expenditure;

2) vehicles;

3) building expenditure:;

4) equipment and materials.

; Let e stand for the expenditure category, and let e take on the
i values 1, 2, 3, and 4 for these four categories of expenditure,

respectively.
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We want to allow for the possibility that CFR costs, especially
for manpower, depend on the region of the country in which the
airport is located. Let there be four regions, and let g stand

for the region in which an airport is located, g=1, 2, 3, or 4.

We want to project the CFR costs at an airport for each of the
next 15 years. Therefore, let t stand for the year, where t

takes on one of the values 1, 2, ..., 15.

It is next necessary to define three functions. We distinguish
airﬁorts by index and geographical region but not in any other
way. Thus, given the index and geographical region, we deal
only with an average airport. Let c(i,e,g,t) be the average
expenditure on items of class e at an airport of index i located
in geographical region g in year t. This cost is expressed in
real dollars, i.e., in constant dollars that have been corrected
for inflation. In order to make it easier to specify values

for this cost function, it is assumed that the annual rate of
increase in the real expenditure for each expenditure category
is constant over time. However, this rate of increase is al-
lowed to vary by expenditure category and by geographical region.
Let r(e,g) be the annual rate of increase of the real price of
items in expenditure category e in geographical region g. It is
true that this rate of increase will probably vary from year to
year; however, these yearly fluctuations are very difficult to

forecast, so the assumption of a constant annual rate is probably
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most suitable for purposes of projection.

We can now write c(i,e,g,t) as
. \ t-1
c(i,e,g,t) = c(i,e,g,1) x [1 + r(e,q)] (4.1)

That is, once the function r(e,g) is specified, it is only
necessary to specify c(i,e,g,t) for the first year; all other
years can then be calculated. That is, once the costs in the
first year and the amual rate of increase of costs is known,
then the costs for every year can be calculated. This is a
valuable property for the methodology to have because it greatlv

reduces the data requirements.

This formulation Assumes that, given an index and a region,
airports purchase the same quantity of each expenditure category
over time. That is, each year the same number, for example, of
firemen are employed. Thus, the increase in manpower cost is
due to an increase in real wages, not to an increase in the num-

ber of men employed.

It is necessary to know how many airports there are with CFR.
Let n(i,g,t) be the number of airports of index i located in

geographical region g in year t.

These definitions imply that the total cost of the nation's CFR

in year t, symbolized by C(t), is given by
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i=l g=1

c(t) = :E: :z: [:n(l,g,t) :E: c(i,e g,t)] (4.2)

Using equation (4.1), (4.2) can be written as

C(t) = Z Z[n(l,g,t) Z[c(:. e, g,l)x[l+r(e.g)]t l]] (4.3)

i=l g=1
Therefore, equation (4.3) embodies the projection methodology.
If one specifies values for

e c(i,e,g,1l) for all values of i,e, and g,
e r(e,g) for all values of e and g, and

e n(i,g,t) for all values of i,g, and t,

then equation (4.3) can be used to project the nation's CFR

cost for every year.

4.2 Projecting CFR Cost for a Sample Scenario

In order to illustrate how the projection methodology just
explained can be applied, CFR costs will be projected for a
sample scenario. Two simplifying assumptions are used. First,
it is assumed that costs are the same in different regions.
Second, it is assumed that the number of airports in each index
is constant over time. These two assumptions imply that the
level of CFR services provided is constant over time. Also,

these assumptions imply that the functions c(i,e.qg,l), r(e,qg).
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and n(i,g,t) can be simplified to c(i,e,l), r(e), and n(i).

Equation (4.3) can now be written in the form

4 8 |
c(e) = Z[[1+r(e)]t-l Z n(i) c(i,e,l)] (4.4) {
e=1 i=1 1

which is handiest for calculation.

mha first task is to determine wvalues for r(e), the amual rate

of increase in the real price of items in expenditure category

e. The method used is as follows. For each.expenditure cate-
gory obtain a price index and determine the rate of increase in
the price of that expenditure category (not corrected for infla-
+ion) over the last 5 or 10 vears. From this rate of increase
subtract the average rate of inflation over the same time period;
the difference is the real rate of increase of the price of items
in tais category in the past. Finally, assume that the future
real rate of price increase stays the same in the future. This
gives the desired value for r(e). Now consider each expenditure

category.

Mangower. A publication of the 3ureau of Labor Statistics
(Ref. 4.1) shows that over the years 1373-1978 the average rate
0Z increase in firemen's wages was 6.4 sercent (2. 4). This
figure is obtained by averaging all recions together and by

averaging together firemen of different levels of experience.




It is assumed that the wage experience of CFR firemen is the same

as firemen in general, at least insofar as wage increases are
concerned. The annual rate of increase of the consumer price
index for the relevant years is also 6.4 percent. The conclu-
sion, therefore, is that the real cost of CFR manpower is con-

stant over time, i.e., r(l)=0.0.

Looking ahead to further study, it should be noted that the
publication cited does break the data down according to region of
the country and city size, éo the manpower cost projections could
be tailored more closely to the specific situation of each air-

port.

Vehicles. Discuséion with a vice-president of the Walter Motor
Truck Company indicates that the cost of CFR vehicles is tracked
reasonably well by the General Purpose Tactical Vehicle Index
compiled by the Bureau of Labor Statistics. From 1967 to 1977
this index increased at an annual rate of 7.2 percent. Over this
period the consumer price index increased at an annual rate of
6.1 percent. Therefore, the real annual increase in the cost of

CFR vehicles is 1.1 percent, i.e., r(2)=0.011.

Buildings. The Bureau of Labor Statistics compiles no index on
construction cost because of the non-substitutability of different
buildings, but indexes do exist on the cost of construction materi-

als and construction labor (Ref. 4.2, pp. 225, 246). 1In the ten-
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vear period starting in 1967, the rate of increase in labor costs
was 6.7 vercent per vear:; the rate of increase of the price of
censtruction materials was 7.3 percent ver yvear. Using the rule
cf thumb that 80 percent of the cost of a building goes Zfor lakor
ané 20 percent for materials, we take the weighted average of 6.7
anéd 7.3 percent to obtain 6.8 percent as the annual rate of

increase of the orice of CFR buildings, i.e.,

0.068 = (0.80 x 0.067) + (0.20 x 0.073).

Sinca the annual rate of inflation over these vears was 6.1 per-
cant, the resal expendicture on buildings went up bv 0.7 rercent

ser vear, i.e., r(3)=0.007.

Zcuigment and Materials. Since this category contains a varie-

gatad assortment of items, the most natural assumption is that
the price of items in this category goes up with the rate of in-

£.aticn, i.e., rid4)=0.0.

The infcrmation needed o proiect CFR cost for the countrv has
now Seen assembled and the projacted ccst can be calculated.
Since the number of airports in each index is ccnstant over time
ansd since <here is nc variation ameng gecocrarhical recions, we
need cnl deal with the agcrecate naticnal cost for sach expendi-
tura catagory and need not deal with each index separatelv; =hi
can Ce seen v examining ecuaticn ‘4.4, Thus, we dc nect need

0 Xnew n{i) as long as we xncw the aggrecate na=icnal cos+t Ior

(XV]
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each expenditure category, and we know this from Chapter 2.

The first row in Table 4-1 shows the current national cost for
each expenditure category:; this is from Chapter 2. Since
r(l)=0.0 and r(4)=0.0, the manpower cost and the equipment and
materials cost are constant over time. Since r(2)=0.011l, the
vehicle cost increases by 1.1 percent per year; these costs are
shown in Table 4-1. Since r(3)=0.007, the buildings cost in-
creases by 0.7 percent per year; these costs also are shown in
Table 4-1. Adding each row of this table gives C(t), the pro-
jected real cost of CFR in year t. As the reader can verify,
this calculation has been done in accordance with equation (4.4).
It is seen that in this sample scenario the annual real cost of CFR
15 years hence is projected to be roughly $2.8 million dollars
greater than at present. This completes the projection for the

sample scenario.




Table 4~1: Projected CFR Costs Under the Sample
Scenario (Thousands of 1979 Dollars) ]

;
!
P
Y
i

H

Year Manpower Vehicles Buildings Egpt. & Mat. Total ]

1 $91,801 $12, 631 $7,192 $3,697 $115,321 |
) 2 91,801 12,770 7,242 3,697 115,510
3 91,801 12,910 7,293 3,697 115,701
3 91,801 13,052 7,344 3,697 115,894
5 91,801 13,196 7,396 3,697 116,090
6 91,801 13,341 7,447 3,697 116,286
| 7 91,801 13,488 7,499 3,697 116,485
'f 3 91,801 13,636 7,552 3,697 116,686
9 91,801 13,786 7,605 3,697 116,889
é' 10 91,801 13,938 7,658 3,697 117,094
11 91,801 14,091 7,712 3,697 117,301
12 91,801 14,246 7,766 3,697 117,510
; 13 91,801 14,403 7,820 3,697 117,721
3 14 91,801 14,361 7,875 3,697 117,934

15 91,801 14,722 7,930 3,697 118,150
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S.0 CFR BENEFIT PROJECTION

5.1 The Methodology for Projecting CFR Benefits

From the information about current and past CFR appearing in
Chapter 3 and from information akout the future, it is possible
to project CFR benefits into the future. This chapter first
presents a general methodology that can be used to perform this

projection and then performs the projection for a sample scenario.

The projection of CFR benefits involves four components:

projecting air carrier crash benefits;
projecting commuter and air taxi crash benefits;

projecting general aviation crash benefits;

L SR WIEY VR
L I e

. projecting non-crash benefits.

Each of these components will now be considered.

In order to project air carrier crash benefits, it is necessary
to define five functions. Let n(i,d,h,t) be the expected number
of accidents per 100 million air carrier operations in year t at
airports of Index i such that CFR prevents exactly d deaths and
saves exactly h hulls in each of these accidents. This defini-
tion of n(i,d,h,t) is used to make it easier to assess this func-
tion; there were roughly 100 million operations in the period

covered by the data search described in Section 3.2.1. (Note:
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This function should not be confused with the function in Chapter

4 also symbolized by n.) Second, let OPS(i,c,t) be the number of

IRy TR

class c operations (air carrier, commuter/air taxi, general avia-
tion) at airports of Index i in year t. Third, let VD(t) be the
value assigned to éreventing a death in year t. Fourth, let
VI(t) be the value assigned to preventing an injury in year t.

Fifth, let VH(t) be the value of the average hull in year t.

Note that

n(i,d,h't)
100 million

is the probability that any one air carrier operation at an
Index i airport in year t leads to an accident in which CFR saves
exactly 4 deaths and h hulls., and

n(i,d,h,t)
100 million |

o OPS (i,AC,t) x

is the expected number of these accidents. "AC" refers to air
carrier operations. The variable 4 would take on values 0, 1,
2, ... . The variable h might take on values like 0, 0.1, 0.2,

0.3, ... .

5 Using the data in Chapter 3 as a guide, assume that the number

of injuries prevented by CFR can be derived by dividing the num- 1

| ber of deaths prevented by 3. Then if d deaths are prevented

\ and h hulls are saved in year t, the value of this is




d V() + (d/3) Vi(t) + h Vy(t).

This means that the total air carrier crash benefit of CFR in

year t, symbolized by ACCB(t), is given by the equation

i 4 h 100 million

+ a Z Z 2 devD(t)*%,l(t) . (5.1)
i 4 h 100 million |

I

The first term in this equation represents the expected value

of the lives, injuries, and hulls actually saved:; the second

term represents the psychological benefit. « is the constant
defined in Section 3.2.4. For example, if a=1, then the j*
psychological benefit equals the expected value of lives saved

and injuries prevented.

N In summary, equation (S.1) is the suggested methodology for
projecting the air carrier crash benefits. when values have
been specified for the five functions and for o, then the

projected CFR air carrier crash benefits for the year t can be

calculated.

ernn s . < st
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Thus, the problem of projecting CFR air carrier crash benefits
has been reduced to the problem of specifying the five func-
tions. Some of the subtleties involved in specifying these
functions will first be discussed and then some methods for

specifying them.

Specifying the five functions is somewhat tricky because they
are affected by a number of factors that lie behind the scenes
and have not been mentioned so far. For e#ample, consider
n(i,d,h,t). The number of accidents in which 100 lives are
saved clearly depends on the fleet mix; the higher the number of
high-capacity aircraft, the greater the chance that there will
be an accident in which a large number of lives will be saved.
Moreover, fleet mix can also affect this function if different
aircraft nave different accident potentials. Also, technology
enters into this function; as electronic landing systems and
other instrumentation improve, the expected number of accidents
will decline. Also, as load factors increase, possibilities

for accidents which yield larger CFR benefits increase.

The function VD(t) that gives the value of a life in year t is
not necessarily constant, even after the effects of inflation are
removed. For example, it is generally thought that the value of

saving a life goes up as real income goes up, sO any changes in
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the nation's per capita real income are likely to change VD(t)
and also VI(t). Moreover, if deregulation proceeds and leads
to a changed composition of the passengers on aircraft, then
this could change the per capita income of the people whom CFR

potentially saves, and this would change VD(t) over time.

The function Vﬂ(t) which gives the value of an average hull will
depend on what technology and on what future generations of air-
planes look like. Moreover, fleet mix will obviously have an

effect on the value of the average hull.

In short, each of the five functions that must be specified de-~

pends on a host of complicated factors which can be predicted
only with difficulty and which, even if predicted accurately,
have uncertain effects. In light of this, how might one go about

specifying these five functions? Two approaches deserve comment.

First, there is the naive approach. This approach assumes that

the future will in most ways be like the past. For example, it
might be assumed that the functions n(i,d,h,t), VD(t). Vs(t), and
VH(t) remain unchanged over the next fifteen years; the only

change that is recognized is that the number of operations OPS(t)
will be increasing over time. This naive approach suffers from

two difficulties. The first difficulty is that the future probably

will not be like the past. There will »robably be changes in tech-

nology, fleet mix, load factors, per capita income, and other




factors. The naive approach goes astray by ignoring the fact
that the past is but an imperfect guide to the futuré. The
gsecond difficulty is that our knowlesdge of fhe past is limited
by the small sample. That is, out of some 100 million opera-
tions, only one of them led to an accident that allowed CFR to
save 100 lives. Perhaps this crash was a fluke and there will
not be another like it for another fifty years; or perhaps there
will be two like it next year. With such a small sample, one
cannot draw precise conclusions. Thus, since there is doubt about
what the past was like, even if the future is like the past, one
can say only approximately what the future will be like. The

naive method, then, has its drawbacks.

The second method for specifying the five functions is to use

the subjective approach. The idea behind this approach is that
the best way to process all this vague and incomplete information
is in the mind of a knowledgeable person. Even though the past
is not a perfect guide to the future, it is still a guide of
sorts. A knowledgeable person combines in his mind this informa-
tion about the past with what he knows about what might happen

in the future. This person is then interrogated by a decision
analyst in order to force him to put all this information into
the form of the needed functions. (The basic references on this
interrogation process are Refs. 5.1 and 5.2.) This method, while

not foolproof, does seem to promise to ine the best specifica-

tions for the five functions needed in order to project CFR

4\
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benefits. This method would nrobably be a worthwhile approach

to try in future work.

It is assumed that commuter and air taxi crash benefits in year
t, symbolized by CATCB(t), are proportional to the number of
operations. Therefore, we project these benefits with the equa-
tion

OPS (i,CAT, t)

CATCB(t) = x CATCB(l). (5.2)

2
1
21.; OPS (i,CAT,1)

That is, §0PS(1,CA‘1‘,t) is the total number of commuter and air
taxi o.perations‘ in year t, and Z:.: OPS(i,CAT,1l) is the total num-
ber of commuter and air taxi operations in year 1. Therefore,
the ratio of these two quantities in equation (5.2) is the pro-
portional increase in commuter and air taxi operations in year

t relative to year 1. What equation (5.2) says, then, is that
if in year t the number of commuter and air taxi operations is,
say, 10 percent larger than in year 1, then the commuter and air
taxi crash benefits in year t are also 10 percent larger than in
year 1. The rationale for the proportionality assumption, both
here and in the next paragraph, is that the factors that disturb
sroportionality in the case of air carriers (e.g., changes in
technology, aircraft size, load factors) are much less important

for commuter, air taxi, and general aviation.




It is similarly assumed that general aviation crash benefits in
year t, symbolized by GACB(t), are proportional to the number
of operations. Therefore, we project these benefits with the

equation

; OPS(i,GA,t)
GACB(t) = x GACB(1l). (5.3) ‘

] asi—“OPS(i,GA,l)

The interpretation of equation (5.3) is analogous to that of (5.2).

Finally, it is assumed that non-crash benefits are proportional to
the number of air carrier operations. Air carrier operations are
used since most of the non-crash benefits stem from air carrier
operations (e.g., stand-bys, fuel spills) or from the needs of

air carrier passengers (e.g., medical emergencies). The equation

used to project non~crash benefits for year t, symbolized by

NCB(t), is

%OPS(i,AC,t)
. NCB(t) = x NCB(1). (5.4)

T OPS (i,AC,1)

In summary, the total CFR benefits in year t, symbolized by B(t),

are given by adding up the four components, i.e., i

¥ B(t) = ACCB(t) + CATCB(t) + GACB(t) + NCB(t). (5.5) iw-;




The proposed methodology embodied in equations (5.1) - (5.5)
should be thought of not as a cookbook which yields a projec-
tion if a set of instructions is mechanically followed. Rather,
this methodology serves as a framework for making a projection;
it identifies the crucial information that is needed, but it
leaves to the analyst the details of how this information is

generated.

5.2 Projecting CFR Berefits for a Sample Scenario

In order to show how equations (5.1) - (5.5) can be used to pro-
ject CFR benefits, a projection will now be carried out for a
sample scenario. The projection will be for the nation as a
whole and not be broken down according to indexes. Thus, the
variable i is dropped from all equations. The five functions
required by the projection will now be specified. It should

be emphasized that since this projection is only illustrative,
it has been deemed sufficient to make these specifications
plausible, and it has not been thought necessary to do a full-
blown study of these specifications. Thus, this projection shows
how to use equations (5.1) -~ (5.5), but there is no pretense
that the specific numbers projected are reliable enough for

policy-making purposes.
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First, consider the function n(d,h,t), which gives for 100
4 million operations the expected number of accidents in which CFR
% would prevent exactly d deaths and save h hulls in year t.

Specifying this functiqn is the heart of the projection and is

the most difficult part. The method to be used to specify this

function is to examine the data on benefits over the period

1966-1978 described in Chapter 3 and to try to envision the

stochastic process that generated these data.

The 42 accidents that provided CFR benefits from 1966 to 1978

are in Table 5-1 divided up according to how many deaths were

prevented and now much of the hull was saved in each. This

| period contained roughly 100 million operations. For example, é

this table says there was exactly one accident in this time

gt o b g

period in which CFR saved from 3 to 7 lives and also saved

from 61 to 80 percent of the hull. The hypothesis is advanced

s e

] that, given the number of deaths prevented in an accident, that
accident has an equal chance of falling into any one column.
IL one looks at the last five rows, this hypothesis appears

reasonable, since the numbers are scattered fairly evenly among

o Y £ P s e

the columns. However, the number of accidents in the first row

is not evenly spread. The assumption made here is that these ’ g
numbers would have been equally spread except for sample variation.

{To understand this last remark, consider an example of sample

variation. Suppose a coin is flipped 10 times; then one expects

to get 5 heads. However, the actual number of heads that come up i
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Table 5-1: Breakdown of Air Carrier Accidents by the
Number of Deaths Prevented and the Number of

Hulls Saved by CFR, 1965-1978

:i . Percentage of Hull Saved
L i
0 1-20 21-40 41-60 61-80 81-100
3 ]
| 0 0 14 3 4 6 10
‘ P 1-2 1 0 0 0 0 0
> .
e 3-7 0 0 0 0 1 0
a
, t -
, h 3-10 1 0 0 0 0 0
t S e
? d
11-30 0 0 0 0 1 0
90-100 0 0 1 0 0 0
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might well be different from 5; this difference is termed sample

variation.)

The "pure" form of Table 5-1, purged of sample variation, is
shown in Tab}e 5-2, which is assumed to be the relevant table
for 1979. The ranges that define the cells have been replaced
by typical numbers. Since the first row contains 37 accidents
and there are five relevant columns, each cell in the first row
has an expected number of accidents of 37/5 = 7.4. Each of the
other rows contains one accident and six relevant columns, so
each cell has an expected number of accidents of 1/6. For
example, in the third row of Table 5-1 there was one accident,
and it is assumed. that it had an equal probability of falling

in any column; column five is the one it happened to fall in.

It might be objected that the hypothesis of equal probability
advanced nhere is not the only hypothesis that can explain
Table 5-1., This objection is correct, but not toc important.

t is not claimed that this is the only possible hypothesis;
all that is claimed is that it satisfactorily fits the data
and is suitable for this sample projection. It might be
objected that this table overstates the benefits, since there
nas been a downward trend in the number of accidents. FHowever,
in regly it should be pointed out that the number of people

exgosed to CFR-relevant accidents has stayed roughly the same

over time (see Figure 3~¢)., In summarv, while no iron-clad

et
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Table 5-2: Hypothesized Breakdown of Air Carrier
Accidents by the Expected Number of Deaths
Prevented and Number of Hulls Saved by CFR per

100 Million Operations for Year 1

Percentage of Hull Saved

0 10 30 50 70 90
0 0.00 7.40 7.40 7.40 7.40 7.40
> 1 0.17 0.17 0.17 0.17 0.17 0.17
. .
D e
e o 5 0.17 0.17 0.17 0.17 0.17 0.17
i e
h 2 9 0.17 0.17 0.17 0.17 0.17 0.17
S
e
Q 20 0.17 0.17 0.17 0.17 0.17 0.17
100 0.17 0.17 0.17 0.17 0.17 0.17
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case can be built for Table 5-2, it is argued that it is plausible
to assume that this table describes the state of things in 1979.
(Since there will be roughly 10 millidn operations in 1979, num-
bers in Table 5-2 should be divided by 10 to give the number of

accidents in each class expected to occur in 1979.)

Now that the n(d,h,t) function has been specified for 1979, it is .
necessary to specify how this function changes over time. It

will be assumed that, for given values of 4 and h, this function

decreases by 1 percent per year. The basis for this assumption
is that some increases in safety are expected in coming years.
Such an assumption is believed to be plausible. Thus, the func-

& tion n(d,h,t) is written

7.40 (1.01)1"% if 4=0 and h#0
n(d,h,t) =
- 1-t .
0.17 (1.01) if d#0

We need not define n(d,n,t) for d=h=0, since, in this case, the
CFR benefit is 0. ©Note that d is only allowed to take on the

values 0, 1, 5, 9, 20, and 100. Of course, it is possible that
there would be an accident in which CFR would save some other ' 1
number of lives, but it is assumed that for modeling purposes %
these four possible values are sufficient to describe all likely

accidents with sufficient accuracy. This completes the specifica-

tion of the n(d,h,t) function.
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Second, consider the function OPS(c,t), which gives the number

of operations in year t for the three classes of operations.

; The assumed values for this function are shown in Table 5-3.

5 The values for years 1-12 are the FAA forecasts for 1979-1990

i (Ref. 5.3, p. 66). The values for years 13-15 are obtained by

J assuming that the number of operations past year 12 increases

; by 2.1 percent per year for air carriers, 7.6 percent per year
for air taxi and commuters, and 3.5 nercent per year £or general
aviation; these rates of growth are taken from the FAA forecast

(Ref. 5.3, p. 10).

Third, consider the function VD(t), which is the value of pre-
venting a death in year t. It is assumed that every year this
g function takes on the 1979 value cf $430,000 used above in

Section 3.2.4. (Recall that this amount is in constant dollars.)

Fourth, consider the function VI(t)' which is the value of pre-
venting an injury in year t. It is assumed that in every yvear

this function takes on the 1979 wvalue of $64,000.

Fifth, consider the function VH(t), which gives the value of the
average hull in vear t. Since larger planes are replacing
smaller and since planes are being equipped with more expensive
avionics, it is clear that the value of the average hull shouléd
be rising every year. It is assumed that VH(t) increases by 2.5
percent every year, with a 1979 value of S$8.5million. Table 5-4

shows the resulting average hull values.
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Table 5-3: Assumed Values for OPS(c.,t)

Air Carrier
Operations

(Millions)

10.4
10.7
10.9
11.1
11.4
11.6
11.8
12.0
12.3
12.5
12.7
12.9
13.2
13.4
13.7

104

Alxr Taxi & General
Commuter Aviation
Operations Operations
(Millions) (Millions)
4.0 29.8
4.4 31.7
4.9 33.5
5.3 35.4
5.7 36.7
6.3 37.8
6.7 39.0
7.1 40.0
7.5 40.9
7.9 41.7
8.1 42.5
8.4 43.2
9.0 44.7
9.7 46.3
10.5 47.9




Table 5-4:

Assumed Values for the Average Hull

105

Value of Average Hull
(Millions of Dollars)

8.500
8.712
8.930
9.154
9.382
9.617
9.857
10.104
10.356
10.615
10.881
11.153
11.432
11.717
12.010
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The constant a, which is used in determining the psychological

benefit is taken to be equal to 1, as in Section 3.2.4

The sample scenario is completed by assuming 1979 values for

commuter and air taxi benefits, general aviation benefits, and

non-crash benefits. The values assumed, based on Chapter 3, are
CATCB(l) = $1.2 million

GRCB(1)

30.1 million

NCB (1) 518.3 million

All information needed to project benefits has now been specified.
To repeat, there is no compelling argument that the future will
necessarily be in accord with the assumptions made here; never-
theless, it is plausible that it will. This, it is claimed,
justifies the use of this sample scenario. All that remains is
to substitute this information into equations (5.1) - (5~5) and

to perform the required calculations.

Table 5-5 shows the projections for each component of air

carrier crash benefits for the years 1979-1993. It is seen that
the fall in the annual number of accidents is more than offset
by the increases in hull values and in the number of operations,
so the total air carrier crash benefit increases steadily over
the vears. The bulk of this increase is due to increases in the
value of hulls saved; this source provides $11.265 million of the
total increase in crash benefits of $13.091 million. The

increase in human benefits is only $1.826 million.
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Table 5-5: Projection of Air Carrier Crash
Benefits, 1979-1993 (Millions of Dollars)

Hull Lives Injuries Psychological

Year Saved Saved Prevented Benefits TOTAL

1979 18.199 6.049 0.300 5.349 30.897

) 1980 18.999  6.148 0.305 6.453 31.905

1981 19.636 6.189 0.307 6.496 32.628

' 1982 20.301 6.263 0.311 6.574 33.449

1983 21.153 6.353 0.315 6.668 34.489

1984 21.854 6.424 0.319 6.743 35.340

1985 22.553 6.453 0.320 6.773 36.099

1986 23.271 6.479 0.321 6.800 36.871

: 1987 24.250 6.574 0.326 6.900 38.050
1 1988 24.965 6.618 0.328 6.946 38.857
| 1989 25.752 6.679 0.331 7.010 39.772
.b 1990 26.539 6.694 0.332 7.026 40.591
' 1991 27.566 6.804 0.338 7.142 41.850
1992 28.387 6.814 0.338 7.152 42.691

1993 29.464 6.919 0.343 7.262 43.988
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Table 5-6 shows the projection for total CFR benefits over

the years 1979-1993, rising gradually from $50.497 million

in 1979 to $71.406 million in 1993, an average annual rate of
increase of 2.7 percent. Of this $20.909 million increase,
$13.091 million is due to the increase in air carrier crash
benefits, and $5.807 million is due to the increase in non-

crash benefits.

A lesson one learns from this projection is that the bulk of
the increase in benefits is due to the increase in air carrier
crash benefits, and the main reason why air carrier crash
benefits increase so much is that the value of the average
hull is assumed to increase by 2.5 percent per year. Therefore,
the assumed rate of increase of the value of the average hull
is a key assumption that should be treated with great care

in any future study.

In summary, the projection of CFR benefits for the sample
scenario is now complete. It has been shown how the equations

(3.1) - (5-5) can be specified and how the methodology can be

applied to project benefits.
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Table 5-6: Projection of Benefits Provided by CFR,

Ty g e s = s

1979-1993 (Millions of Dollars)

Air Commuter & General &
Carrier Air Taxi Aviation
Crash Crash Crash Non=-Crash
Year Benefits Benefits Benefits Benefits Total
. i
1979 30.897 1.200 0.100 18.300 50.497
1980 31.905 1.320 0.106 18.828 52.159
{ 1981 32.628 1.470 0.112 19.180 53.390
X 1982 33.449 1.590 0.119 19.532 54.690
i
| 1983 34.489 1.710 0.123 20.060 56.382
' !
1984 35.340 1.890 0.127 20.412 57.769 ,
y 1985 36.099 2.010 0.131 20.763 59.003
R
| 1986 36.871 2.130 0.134 21.115 60.250
1987 38.050 2.250 0.137 21.643 62.080
4
1988 38.857 2.370 0.140 21.995 63.362
1989 39.772 2.430 0.143 22.347 64.692 ]
1990 40.591 2.520 0.145 22.699 65.955
| 1991 41.850 2,700 0.150 23.227 67.927
R 1992  42.691 2,910 0.155 23.579 69.335
i 1993  43.988 3,150 0.161 24.107 71.406

T T
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6.0 SUMMARY: THE COSTS AND BENEFITS OF CFR

The information on the costs and benefits of CFR developed in
Chapters 2 and 3 will be analyzed in order to bring out the

main features of the CFR program. Table 6-1 contains the basic
information. The first row shows the annual cost of CFR, broken
down by airport index; these figures come from Table 2-8. The
second row shows the average annual benefit of CFR; these figures
come from Table 3-14. The third row, the benefit/cost ratio,

is obtained by dividing the second row by the first. An entry
in this row, e.g. 0.84 for index D airports, means that $0.84

in benefits are received for every dollar spent on CFR. The
last row shows the net costs and is obtained by subtracting the
second row from ﬁhe first; this shows the amount by which costs
exceed benefits. The results appearing in this table will be

analyzed by answering eight questions.

1. What are the benefit/cost ratios? It is seen that the

benefit/cost ratios in Table 6-1 are, except for indexes D and

E, quite low and in some cases astoundingly low. For all indexes
together, one dollar spent on CFR provides, on average,b $0.43 of
benefits. It is only for index E airports that the benefit/cost
ratio is greater than one; index D is the only other index that

i3 even close.

2. What bias is there in these benefit/cost ratios? Insofar

as these benefit/cost ratios are inaccurate, they are probably
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Ei too high. Throughout this report, whenever a choice had to
be made as to how benefits were to be measured, the choice
that made benefits larger was taken. For example, it was 1
5 assumed that psychological benefits equal the value of deaths ‘
and injuries prevented, that 10 percent of a hull is saved ‘
when a runway is foamed, and that a wheel well fire, if unextin- |
guished, would have destroyed the entire aircraft. Moreover,
generous amounts were assigned for commuter and air taxi benefits,
for general aviation benefits, and for non-crash benefits. Thus,
every attempt has been made to ensure that the estimates of the

benefit/cost ratios that appear in Table 6~1 are upper bounds

of the true values. Thus, even if it turns out that an accident
or two have been missed in enumerating benefits, one can have

confidence that these benefit/cost ratios do not seriously

understate benefits.

3. What policy conclusions can immediately be drawn? None.

Table 6-1 provides the basic information about CFR, but further ﬁ
analysis would be necessary before arriving at a policy recom-

mendation. This can be seen by considering the policy recommen-
dation that a CFR advocate and a CFR opponent might make, based

on these figures.

CFR Advocate:

The small benefit/cost ratios stem from the fact that

airports have inadequate CFR. The FAA should require
more effective CFR - greater quantity of extinguishing

agent, lower response times, and more rapid intervention
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vehicles. Only in this way can the true potential

of CFR be exploited. §3

CFR Opponent:
The small benefit/cost ratios show the CFR just does
not do the job. Except at the larger airports there are
not enough CFR-relevant accidents to justify these
vast expenditures on CFR. The FAA, therefore, should
make CFR voluntary and give airports the option of
spending the money on other safety programs that would

be more effective.

Thus, two opposite policy recommendations can be based on the

figures in Table 6-1. However, determining which, if either,

of these recommendations is desirable requires further analysis.
What would be the effect of additional CFR requirements? What
alternate safety programs might CFR money be spent on? Further
work under the contract under which this report is written will
consider policy alternatives; it must be stressed that the

information contained in this report alone is not sufficient

for recommending policies.

4, To what extent should CFR be judged on a dollars and

cents basis? This report has attempted %o measure the desirability

of the CFR program in dollars. However, it can be argued that

intangibles are involved and that CFR, like freedom of the press,

should not be judged solely on a dollars-and-cents basis. 1In
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order to make clear what is at issue, consider the three steps

involved in judging the CFR program in terms of dollars:

e state the anticipated consequences of the program;
e assign a dollar value to each anticipated consequence;
e add up the dollar values to obtain a dollar measure of

the desirability of that program.

Three general objections can be raised to the dollar valuation

of the decision.

1) Some of the consequences have been forgotten.
2) It is not possible to assign a dollar value to some

consequences.

3) The wrong dollar value has been assigned to some

consequences.

The relevance of each of these potential objections to the
question of whether CFR should be judged solely on the basis

of dellars and cents will now be discussed. Objection 1 is

not relevant, since, if one has forgotten the consequence, this
damages not only the dollar valuation of CFR but also any
other, less quantitative, valuation. Objection 3 is not
relevant, since, as will be shown below, the results are not
sensitive to the particular dollar values assigned. Objection

2 is relevant if anyone can think of a significant, intangible
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consequence of CFR that has been omitted. H H Aerospace has
not been able to think of such a consequence; therefore,
provisionally it will be assumed that no such consequence
exists. Thus, the tentative conclusion is that there is no
objection to judging CFR solely on a dollars-and-cents basis.
If anyone disagrees with this, the burden of proof is on him
to show that there is a significant consequence of CFR to

which no dollar value has been assigned.

5. What is the CFR cost per enplaned passenger? If we divide

the annual cost of CFR of $115.321 million by the number of
enplaned passengefs for 1978 of 262.335 million (Table 3-10),
then it is seen that the system-wide average CFR cost per
enplaned passenger is $0.44. That is, every time a passenger
gets on an air carrier, $0.44 is spent on CFR. If we consider
the net cost of CFR from Table 6-1, the system-wide average

net cost per enplanement is $b.25 That is, of the $0.44 spent
on CFR for the average passenger, $0.19 returns as benefit, but

$0.25 is not recovered, and there is no corresponding benefit.

6. What is the payoff per million dollars spent on CFR? The
meaning of the figures in the previous paragraph is somewhat
difficult to grasp intuitively; $0.25 is a small amount of

money, but is it large when compared to the exceedingly small




probability of a passenger being involved in an accident where
CFR provides a benefit? To avoid the problems that arise when
considering a very small probability, the payoff per million
dollars spent on CFR will be calculated. In terms of a payoff
in dollars, Table 6-1 shows that, on average, a million dollars
spent on CFR provides a benefit of $430,000. However, we can
also go behind the dollars to the natural units in which
benefits are measured. Measuring hulls saved and non-crash
benefits in dollars and measuring the human benefits in lives
saved and injuries prevented, the paycoff per million dollars
spent on CFR is calculated, using the information in Chapter 3,

as

0.10 lives saved,
0.03 injuries prevented,

$337,000 saved.

Two advantages of looking at CFR benefits in this way should
. be pointed out. First, the problem of imputing a value to
lives and injuries is avoided. Second, if the effect of other

safety programs is stated in the same form, then the "power"

of a million dollars in different programs can be readily seen.
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7. How sensitive are the benefit/cost ratios to the imputed

value of lives and injuries? Since there is some doubt as to

exactly what figures should be used as the value of a life and

of an injury, the question arises as to whether using different
values would have a substantial effect on the results. The

answer is, "No." For example, suppose that the values used for

lives and injuries are doubled to $860,000 and $128,000, respectively;:
also double the psychological benefits. Then the system-wide

annual benefit rises from $49.881 million to $60.239 million, and

the benefit/cost.ratio rises from 0.43 to 0.52 Thus, a doubling
of the imputed value of lives and injuries, a dramatic increase
that is much larger than anyone suggests, has but a small effect
on the benefit/cost ratio. The reason, as 3.6 pointed out, is
that relatively few of the benefits come from preventing human
loss; most of the benefits come from preventing property loss

and from non-crash services. Therefore, the benefit/cost ratio f
shows only a slight sensitivity to changes in the imputed values

of human loss.
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8. How sensitive are the benefit/cost ratios to the imputed

value of psychological benefits? In 3.2.4. it was assumed that

the psychological benefit was equal to a times the benefits in
lives saved and injuries prevented. To avoid understating

' benefits a = 1 was assumed, i.e. the psychological benefits
equal the benefits in lives saved and injuries prevented.
However, no iron clad case can be made that-a must be less
than or equal to 1, so the question arises of how sensitive
the benefit/cost ratio is to a change in a. That it is very
insensitive is seen by noting that raising a to 2, a verf large
increase, only raises the benefit/cost ratio from 0.43 to 0.47
Again, the reason for the insensitivity is that psycho.iogical
benefits represent but a small fraction of total benefits.
(As a curiosity, one might ask: What value of a would make
the system-wide benefit/cost ratio unity? The answer is

*+ = 13.8)

. In summary, the ratio of CFR benefits to costs is distributed

unevenly among airports of various sizes. Index C, D, and E

airports, for example, account for 96.5% of total benefits and

73.5% ot CFR costs.Index D and E airports account for 83.3% of

benefits but onlv 37.08 of costs. The system-wide CFR benefit/

cost ratio is well below the break-even point of unity; for
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every dollar spent on CFR, only $0.43 is received in benefits.

It should also be pointed out that the saving of lives and injuries,
which many consider to be the primary mission of CFR, accounts for 3
only 10.5 percent of the total benefits. One can argue about ]

some of the specific steps followed to arrive at this figure;

nevertheless, the figure is so low and so little affected by
changing the assumptions on which it is based that it seems
difficult to escape the conclusion that, on a dollars-and-cents \

basis, the CFR program does not pay for itself.

There are two ways to react to this finding. The first way is
to say "The CFR program is not to be judged solely on a dollars-
8 and-cents basis. Providing a safe environment for travelers is
.an essential ingredient to achieving a satisfactory quality of

life; lowering the level of safety to save money would be an

example of false economy." This is largely a subjective prefer-
ence that is beyond argument, but it does have some objective
z features. For example, CFR could be compared to other safety
programs to determine, for a given amount of money, how that
money should be allocated among the safety programs to achieve

tne best attainable level of safety.

The second way to react is to say that the CFR program should be '

restructured so that it does pay for itself, or at least does

better, on a dollars~and-cents basis. One can look into enhancing

or retrenching the CFR program so as to improve its benefit/cost

= ratio. The purpose of this series of reports is to (;i\




address the questions of what alternatives there are for CFR
policy-making and how these alternatives would affect the benefit/

cost ratio. The eventual goal, then, is to provide the information :
that is needed in order to carry out systematic and enlightened

policy-making.
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