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PREFACE

This .,L,,.,,J study examines some of the issues involved in

dividing military air transportation between military and civilian air

carriers. In the course of this research, it was found that a defLnL-

tLve statement about the desired level of commercial augmentation must

await the development of better theory and a more comprehensive collec-

tLon of the applicable data. Therefore, this first look at the subject

focuses on setting up a framework within which the relevant issues and

pertinent analytical procedures become apparent, thus helping the de-

cLsLonmakers involved to organize the issues. Further, it presents a

cost analysis that shows the currently available methods for carrying

out the analysis indicated through the framework. Both parts of the

study provLde points of departure for future research and articulate

a demand for the data and research that will lead to a policy state-

ment covering carriage of military traffic by civilian air carriers.

jz(

p<



-V-

SUMMARY

For many years, the Department of Defense, the commercial airlines

of the United States, and the Congress have debated about the Level of

airline participation in military traffic during peace and war. The

problem is this: The Military Airlift Command (MAC), like other Govern-

ment agencies, is charged with promulgating policies that will help

develop commercial air transportation; however, it must also consider

its war mission and peacetime training requirements. MAC's critics

argue that if MAC carries more traffic than required to support the

latter, it is an "airline" competing with commercial carriers. MAC

argues that if a large commercial augmentation program limits it to a

daily aircraft utilization that is too small to keep its personnel

trained, then MAC has insufficient wartime capability. So far, this

difference has been resolved politically by appeal to Congress with

little accompanying analysis. Analytic statements have been confused

with statements based on the preferences of those who can exercise some

control over how much commercial airlift is used. Further, the dis-

cussions have skirted a fundamental issue: What is the Government try-

ing to accomplish with commercial augmentation and what constraints

limit commercial use?

This research was undertaken with three objectives in mind: to

provide a framework for investigating the desired level of commercial

augmentation by setting out the constraints and criteria involved; to

inquire about the nature of the constraints; and to illustrate the cur-

rently available means for determining the cost of those constraints

based on preferences. If the constraints are based on preferences

rather than physical limitations, it becomes important to look at their

cost because preferences can prevent the choice of a feasible least-
4 cost way of providing airlift to the military. Once this is done, Lhe

agencies that make decisions about commercial augmentation will have

an idea of how high their subjective valuation should be to warrant

keeping the constraints.

Commercial augmentation has been placed under numerous constraints.

They range from a floor under prices for the airlines' services to re-

range
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strictions on the type of goods the airlines can carry. Some constraints,

such as limitations on area of operation, apply to the military as well

as to the airlines. Several criteria have been suggested for choosing

among alternative ways of furnishing air transportation to the Services.

We have focused on cost minimization for a given amount of airlift.

From the various constraints on the program, we consider the one

that limits the type of goods the airlines may carry to "civil eligible

requirements." Evidence available from data on the type of commodities

that MAC ships on channel routes and from new data on special assignment

airlift missions (SAAMs) suggests that this constraint is based on prefer-

ences rather than on actual physical tLmLtatLons on the type of services

the airlines can perform.

The special handling required by MAC cargo consists of refrigeratLon

and the special packaging and labeling demanded by dangerous articles.

The airlines have shipped both kinds of goods. Cargo outsize because

of length presents something of a problem for the airlines because none

of their planes have end-loading capability. However, there is no reason

to believe that the airlines could not purchase an aircraft to accommo-

date such cargo if they believed it profitable. We used Transportation

Control and Movement Document data to show the type of goods shipped in

scheduled operations, and we processed unpublished SAAM data collected

by MAC to show the type of goods shipped in unscheduled operations.

To measure the cost of the civil eligible constraint, we used two

models to compare alternatives that would be competing if the constraint

were not in operation. We examined airline and military costs of the

purchase and operation of fifty-seven C-5A aircraft that represent a

hypothetical addition to a previously acquired MAC C-5A fleet. Unfor-

tunately, the costs generated are not usable. Although cost modelsI
among the best that research has provided were used, they turn out to

be incommensurate and could not assess the cost of the constraint.

However, this effort produced some notions of the pitfalls to a&oLd in

designing two comparable models for measuring differences in military

and civilian air transport operations.

Research into the construction of one model that measures the costs

of both operations may also be fruitful if evidence shows that LnstL-
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tutional factors such as the draft are more important in explaining

differences between couercial and military operations than technologL-

cal factors such as different production functions. Other areas for

research include acquisition of time series data on cargo character-

LstLcs of HAC cargo shipments and some consideration of the goals of

the commercial augmentation program with attention to how they interact

with other military goals.

Before a definitive statement can be made about the level of com-

mercial augmentation, the data and theory called for must be acquired.

Without these data and without a theoretical basis for comparing the

cost of alternative ways of furnishing military airlift, definitive

analysis of the desired level of commercial augmentation must be lLm-

ited to setting forth a framework and making recommendations for future

research.
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I. INTRODUCTION

Since the end of the Second World War, the military has augmented

its own airlift resources by purchasing transportation services from

the commercial airlines of the United States. The airlines have trans-

ported cargo and passengers throughout short-term emergencies such as

the Cuban Crisis as well as during sustained conflicts such as the Viet-

nam War. They have also supported our troops in routine peacetime oper-

ations. Over the years this source of business has been profitable

enough to cause the airlines to seek its increase. They have pressed

the case for larger commercial augmentation of military airlift both

to the Department of Defense and before various congressional committees.

Their trade association, the Air Transport Association of America, has

been a vocal spokesman. The Department of Defense has not always agreed

that commercial augmentation ought to be expanded, so the debate has

been lively. This Memorandum examines the issues relevant in choosing

the mix of commercial and military air carriers to handle military traf-

fic in peace and war.

In view of the confusion of statements based on preferences with

statements stemming from analysis that has prevailed in these debates,

the first object of this study is to improve the framework for analysis

of the program. It sets out the constraints that limit the type and

amount of airlift that the civilian air carriers can offer to the mili-

tary and the criteria that enable the analyst to choose among alterna-

tive ways of providing airlift to the military.

The second goal is to evaluate the constraint that limits the type

of military traffic available to the airlines to "civil eligible require-

ments." This is one of the most restrictive and therefore one of the

most important of the constraints. Some restrictions reflect physical

limitations; some merely the preferences of agencies that have some

control over the program. According to the criterion adopted here, the

latter can prevent the best choice if it precludes from consideration

the cheapest feasible alternative way of providing military airlift.

We recognize, however, that other criteria may be relevant. For example,

in order to maximize thtir utility, those who L:nLrol commercial aug-

L " -. . .. -. . .. .. ..... ... ...- -: -:. ". .. . .. . . . . .. ... . " . .
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mentation may wish to override this criterion when the value they place

on the :onstraint is higher than the cost it places on the operation.

We attempt to evaluate the constraint by placing it either in the cate-

gory of preferences or physical limitations and by asking whether it

does prevent the consideration of cheaper alternatives.

To indicate the importance of commercial augmentation to the mili-

tary and to the airlines, Sec. II presents some background material on

the program. In the third section, the constraints that limit the pro-

gram are delineated and various criteria are discussed. Section i

looks at the basis for the "civil eligible" limitation. The data used

to indicate the type of cargo airlift demanded by military customers are

limited in the time they cover, but do reflect demand in those areas of

military airlift that are not purely military in nature. The fifth

section presents the results of a cost analysis that Illustrates the

currently available means for determining whether policies such as the

civil eligible constraint do Impose a cost to the military. Section VI

summarizes the Issues relevant to formulating the desired size for com-

mercial augmentation. Two appendixes present the detailed data used in

the study. The Appendix that follows Sec. VI displays the cost models

and model inputs used in Sec. V. Another Appendix, published under

separate cover because it is classified, exhibits data on cargo airlift

demand pertaining to special assignment airlift missions of the Military

Airlift Command.
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II. BACKGROUND

TIE IMPORTANCE OF THE COMMERCIAL AUGMENTATION PROGRAM

To show the importance of commercial augmentation to the airlines

and the military, this section examines the airlines that have partici-

pated in the program, their dependence ol military business, and the

part civilian carriers play in military air transportation.

The Civil Aeronautics Board (CAB) , which regulates U.S. air trans-

portation, 'las certified several classes of airlines to provide trans-

portation ithin the continental United States and to foreign countries.

The trunklines, such as United, TWA, and American, may carry passengers

and cargo on scheduled and charter flights. The local servic,, carriers

such as Air West and Mohawk, and the Alaskan and Rawaiian carriers, pro-

vide the same kind of transportation as the trunks except that their

area ot operation is supposed to be limited to a particular region.

For the local service carriers, this distinction has become blurred

over the years so that now the best way to define both the trunks and

the local service carriers is to name the airlines in each class. The

all-cargo lines, such as Flying Tigers, carry cargo on scheduled runs

and passengers only on charter flights. Trans International, World,

and the other supplemental airlines are limited to the carriage of both

passengers and cargo on charter flights.

The trunktines, all-cargo and supplemental carriers supply most

of the comercial augmentation services. From the inception of the

augmentation program, the supplementals and the all-cargo carriers

were dependent on military sales for a larger percentage of their busi-

ness than the trunks. The latter, as a group, have never part icipated

very strongly in the program, although as we shall see, several indi-

vidual trunklines have received large contracts. Table I shows that a

The trunklines include American, Braniff, ContLental, DelIta,
Eastern, National, Northeast, Northwest, United, TWA, and Western. Air-
lift International , Flying Tigers, and Seaboard World are the present l\
active all-cargo carriers. Thirty-five supplemental airlines have donle
business with the military since 1955. The major ones have been Capitol
Overseas National , Saturn, Trans International . World, and Zantop.
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very small amount of trunklLne revenue ton-miles, both in passenger and

cargo service, comes from military sales. In contrast, most of the

revenue ton-miles accumulated by the supplementals in cargo operations

was generated outside the civilian segment of the economy.

Table I

PERCENT OF AIRLINE REVENUE TON-MILES DERIVED FROM
MILITARY SALES -- SELECTED YEARS

Type of Operation 1961 1962 1964 1966

Trunki Lnesa

Cargo 0.5 0.8 1.4 8.0
Passengers 2.1 2.3 2.5 7.0

AL 1-Cargo
Cargo 59.4 70.0 43.5 61.9
Passengers 88.5 88.2 67.0 90.1

Supp I emen t a I s
Cargo 95.4 89.6 86.2 87.4
Passengersb 41 .7 56.3 164.3 b2.3

SOURCES: U.S. Civil Aeronautics lkard, 1kireau
of Accounts and Statistics, Air Carrier Analytical
Charts and Summaries, various issues; ibid. , Hand-
book of Airline Statistics, various issues.

aIncludes Pan Anerlcan, which is general ly
cilassed as an international ea'rrier.

Percentage based on revenue passengtr-mii 1s
rather than revenue passenger ton-,li 1es.

Passonger operations also depend heavily on military sales. Exctpt I

[or 1961 , over 50 percent of the ir pa ssenge r revenut, ton-mi I vs camt, from

this source. As one wouild expect, the al-cargo lins' dependenlce on

militarv traific is heaviest in the pa;ssenger field, but in tht, 190s

such traflic .also comprised a substantial portion of cargo revenues.

Military traffic carried between the continental United States and

foreign points on a schedul.ed, fixed-route oporat ion accounts for most

of the military transportation allowed to the airlines. This is cal led

channel traffic and wi l. serve to measure airline participat ion in mi Ii -

tary transportation. Table 2 shows that airlines have been moving a



growhlg percentage of uii Iitary passengers. Nearly all tnitary passtn-

gers have been transported on conmercial lines in the years of the Vict-

nam buildup. Onl the other hand the military ihas carr'ied most of its

own cargo. al though the ai-rines hive increased I he percentage carried

over the early days ot the program.

Table 2

PERCFNTAGE OF CHANNEL TRAFFIC CARRIED

BY AIRLINESa

Fiscal Revenue

Year Passenliers Cargo/Mai 1

1959 39.1 12.7

1960 43.2 10.4
1961 41.4 10.5

1962 56.3 40.5

1963 66.4 17.5

1964 67.9 22.2'
1965 72.5 26.1

19b6 89.5 30.2

1967 90.8 33.7

1968 b  91.0 25.6

SOURCES: USAF, Military Airlift
Command, Airl ift Service t.anagement

Renort, 1959-1967; ibid., Quarterly
Narrative Report. Sinlne Manaager for
Airlift, May 1967, November 1967, and

February 1968 (xerox).
a The percentages are bastd on numtibeir

of revenue pasSengtrs and tons of cargo

and mai l.

bFirst three quarters.

Table 3 presents two additional characleristics, o! chantI t rat-

I -. FLrst , tit' amotint spent on it has inc creased substant ial IY. chainnil I

t raf f ic cont rac ts have i tcreastd In va lit from a1 I i t t It, ovtr $%,. iI I i on

in 1955 (the tirst year for which published datl it', avail abi,) to almost

$600 mill I Lon in 1967. The rate of Lcreast, was ,; Iirl gI-'atill I tilt iI

1964, whe tl it rose% matkedly- FLgur I shows tlie ,trikh i ,ft, M1

V Ietiia oil coume r i ia I itipiient at Lon . Second , t he t\pt kit pairtici pat i ag

a ir carrie r has ch,inged. El the, last tlw vt-al"s, thc l ttt klins ha\.'.

shown an lntievest that they previously lacked III carrving millit ar\I _ _

-- - - - - - - -
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traffic. The supplemental, all-cargo and Part 45 carriers have been

receiving a steadily decreasing percentage of the contracts. In spite

of thLs, since trunkline revenue from other sources has also been rising,

milLtary revenues still account for a small percentage of total revenue

for these airlines. Table I shows, for example, that in 1966, even

Table 3

COMMERCIAL AIRLIFT: CHANNEL TRAFFIC
(In $ thousand)

Supplemental,

All-Cargo, and

Fiscal Trunklinesa Part 45 Carriers

Year Amount Percent Amount Percent Total

L955 589 10.4 5,053 89.6 5,642

1956 15,495 36.1 27,422 63.9 42,917
1957 11,049 22.2 38,698 77.8 49,747

1958 8,375 14.8 48,387 85.2 56,762

1959 19,015 27.2 50,802 72.8 69,817
1960 5,828 9.1 58,364 90.9 64,192

1961 20,197 25.5 58,998 74.5 79,195
1962 42,472 29.9 99,416 70.1 141,888
1963 55,254 33.2 11'.,191 66.8 166,445
1964 50,764 35.2 93,257 64.8 144,021

1965 87,326 45.0 106,630 55.0 193,956
L966 156,253 47.7 171,630 52.3 327,883
1967 328,441 55.0 269,132 45.0 597,573

1968 b  310,838 63.8 176,494 36.2 487,312

SOURCES: U.S. Congress, House, Committee on Armed
Services, Military Airlift, Hearings before a Special
Subcommittee on National Military Airlift, 86th Congress,
2d Session, 1960, p. 4564; ibid., Military Airlift, Report
of the Special Comiittee on National Military Airlift,

89th Congress, 2d Session, 1966, pp. 7216-7217; U.S. Air
Force, Military Airlift Command, Procurement Committee,
CommercLal Airlift Dollar 0blLxatLon, fiscal years 1966,

1967, 1968 (xerox).

ancludes Pan American.

bTotal for fiscal year 1968 estimated as of 30 Sep-

tember 1967.

Part 45 carriers were those which operated on a private for-hire

basis as opposed to a public air carrier. These operators had commer-

cial operator certificates issued by the Federal Aviation Agency pur-

suant to Part 45 of the Civil Air Regulations.
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TRUNKLINES

" - SUPPLEMENTAL ALL-CARGO
AND PART 45 CARRIERS

-jot)- TOTAL

400

i)

/ \
200 )

'lo)

Year
SOURCE: Table 3.

Fig. 1 -- Commercial airlift--channel traffic

though the trunks received almost 50 percent of the dollar value of

channel traffic contracts, this revenue still amounted to only 8 per-

cent of their total cargo and 7.6 percent of their total passenger reve-

nue ton-miles.

There is one exception to the generalization that the trunklitne

carriers do not depend very heavily on military revenue. Continental

Airlines has recently become a large contractor for the military, de-

voting a sizeable amount of its capacity to Department of Defense work.

Almost 47 percent of its passenger revenue ton-miles and almost 66 per-

cent of its cargo revenue ton-miles for 1966 came from military sales.



MLI tary sales are something new for Continental , as Table 4 indicates;

its first contract was ior fiscal 1965. Pan American, IWA, and North-

west have been large contrac tors for many years. Pan Ajierican has held

tit- larges t augmen tat ion contract each year since 1 902. In contrast to

Continental , however, Pan American' s mil itary revenutes accouinted for

only 13.3 percent of its passenger revenue ton-miles and 0.5 percent

oft its cargo revenu e ton-mites i 1906b. Compa rablie filguires for No rthit-

wetand TW4A art, 25 . 1 and 17 .0 , and 7 .4 and 5 .3 , respectivly.

CONTROVERSY OVER THlE 1,EVEL OF CO~LMERCIAL AUGMENTATION

Many of tilt- United States airli nes have rel ied heavily on mu ItarN

contracts tor their Livelihood; at least during thlt earlvy v'ars of the

commte rc ia I augment at ion program , c iv ilIian market s to witich government

regu lat ions permit access have been quite smallI and there is evi denco

that they woulId not have supported carriers who I I dependent upon them.

En tilt- last few years , the chiar ter and cargo market s havo grown con -

siderably, but they' are sill thIiied when compared to thet potentials

oittered by access to mil itary traft ic. Recently, the trunklines hlave

joined thet program in a suibstant ial way* app~arentlI the pro fitabl II v

of mitlitary sales compares favorably with the rate of return availablo

in civilian markets. Thus, it has been worthwhile for atll of the dif-

I eren t cilasses of airlines to spend the time and Money to tryv to con-

Vinice Congress to increase airline part icipat ion in millitary' t ranspor-

tatlon , after tinding Lite millitary' vstabl ishment to het less thtan eth~u-

Siast ic about this idea. Both~ singly anld throuigh their trade association,

thei ail iines have argued before Congress that the mili tary air carrier,

thet Military' Airli ft Cottiand (MAC) , was conducting airciinc-type, opec1-

at ions in di rec t con traven tion o t various Congressional statemifen ts

aidvis ing governiment agencies to retira in from compet ing with the ci vitIiani

sector of the eco~nomy.

Two acts oft Congress carry this message. Thie Transportation Act
of 1940 declares tilt, aim of Congress withb respect to transportation to
he thet promotion of alt forms oft t ransportatiLont to meet the "need" tit
the commerce o t the UnIted States;, thlt Post Office and the national
defense. The Federal Aviation Act oft 1458 voices the same sentiment.
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Because such lobbying has achieved some measure of success, It

has become an area of concern to the Military Airlift Command. Several

times, Congress has admonished MAC to give more business to the com-

mercial lines. In 1956, The House ApprotriatLons Committee called the

Military Air Transport Service (HATS), as t. e Military Airlift Command

was then named, "on the carpet" for its continuous resistence to recom-

mendations made by the Air Coordinating Committee and the Second Hoover

Commission to increase commercial airline participation in the carriage

of military traffic. The Senate report accompanying the Department of

Defense Appropriation Bill for 1958 called for the civilian carriers to

transport 40 percent of the passenger and 20 percent of the cargo por-

tions of MATS requirements. The repercussions of the criticism of the

"airline-type actLvitLes of MATS" grew beyond verbal reprimands in 1960

when Congress refused the Air Force appropriation for an initial pur-

chase of 1O jet aircraft.

In this same year, the airlines won agreement from the Department

of Defense to reduce military airlift of channel traffic. The lOD

report, The Role of MATS In Peace and War, recoinmended that "MATS rou-

tine channel traffic . . . operations be reduced on an orderly basis,

consistent with assured commercial airlift capability at reasonable

cost, and consistent with economical and efficient use, Including real-

Lstic training of . . . MATS capacity. .

This report reiterated the mLiLtary side of the controversy that

had been posited before Congress during the hearings on military air-

lift: commercial augmentation affects MAC's ability to carry out the

role of military air transportation during wartime. The Military Air-

lift Command is charged with "maintaining and operating a military sys-

tem designed to assure an adequate emergency readLness position

U.S. Congress, House, Committee on Appropriations, Department of
Defense AsoroorLations for L959, Hearings before Subcommittee, 85th
Congress, 2d Session, U.S. Government Printing Office, Washington, D.C.,

1958, p. 886.

U.S. Congress, Senate, Committee on Appropriations, Department
of Defense Apropriations for 961, Hearings before Subcommittee, 86th
Congress, 2d Session, 1960, p. 803.

U.S. Air Force, Military Airlift Command, Airlift Service Manage-

ment Rjeport, Scott Air Force Base, Illinois, July 1966-June 1967, p. 6.
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This means that MAC's size and the type of operations it conducts are

dictated by the Joint Chiefs of Staff (JCS) approved wartime airlift

requirements. According to the military, these requirements can be

divided into those that only military aircraft can handle and those

that can be met with either civilian or military transportation. To

be in keeping with MAC's mission, wartime resources must be ready to

respond to emergencies quickly. They must be exercised in peacetime

to maintain their proficiency. Proficiency training is no problem for

any airline resources used to fulfill JCS requirements because they

will be used in peacetime in commercial areas and perhaps military

areas such as channel traffic as well. It can be a problem for the

military, however. Too much reliance on commercial augmentation may

mean that the military fleet does not get enough utilization during

peacetime to assure a surge to full capability when an emergency arises.

After many hearings on military airlift, the question of the level

of commercial augmentation remains at the position it was when the air-

lines began pressing for more military business. MAC, like other govern-

ment agencies, is charged with promulgating policies that will help

develop commercial air transportation; however, it must also consider

its war mission and peacetime training requirements. MAC's critics

argue that if MAC carries more traffic than required to support the

latter, it is an "airline" competing with commercial carriers. MAC

argues that if a large commercial augmentation program limits it to

a daily aircraft utilization that is too small to keep its personnel

trained, then MAC has insufficient wartime capability. So far the

difference between the views of the military and the views of the air-

lines has been resolved politically by appeal to Congress with little ac-

companying analysis. Throughout the ensuing discussions on military

airlift, analytic statements have been confused with statements based

on the preferences of those who can exercise some control over how

much commercial airlift is used. Further, the discussions have skirted

a fundamental issue: What is the government trying to accompli sh with

commercial augmentation and what constraints limit the program? Thus,

in examining Issues relevant to choosing the mix of co nercial and milli-

tary air carriers, our first task is to provide a bettr framvework for

analysis by setting out the constraints and criteria involved.



t11. DIU FRAMEWORK

CR ETER LA

Tho* hear ings onl military at ri it showed that Lte people involved

Lin commnercijal al ument at [iln had Very di fferent ideas ahon I how thspro-

gram wits supposed to contribute to thle nlatiOnial defenlse. ColgrOSS . by

legisltat ion and exhortatiLon , has ca ItIed for thle deve Lopment of commer-

c~al air transportation and has demianded that the mul Ltary assist ini

achIIev L ig thItLs goatI . This c ri terloit does no I prov ide a eoats for- ch1os-

ing amiong alternatives because it is too Vague. We do not know in what

sen-e air t ranspo rtat ion is to lie developed. Fo r examp: I e.shon I 1 t

ikiiary choose the cormuierciat carrier regardless of thet Cost or thet

v t tec C on Lte wart Lite capabL Ii tvL o f thle mi Ii Lary . S i ii I ar remal Ir ks CAn1

lie made about tilte criterion that designates that the mlix ofcdiit't

he chlosen to dcvetop mil itary air transportation. Cong,1 res ha been1 100

interested in encouraging small business and hias, tromn timle to time.v

sup~vs ted that thet c011111erc al aum tinprorami be, used at least

part iat I for this purpose. The same observat ions about vaguenless 3p-

ply to this criterion as to the other two. The hearings mention a

standard rule: minimize the cost of a giveni set of requirements. Ikr t

this is not a clear criterion either since it has been interpreted a s

apply i ng to thlt quest ion o f thle opt imum type and amount of airtI i tt to

support ouir natitonat defense inl the ftu ore. 'nte problem Lis that we do

not kniow with certainty thle level of force capa bi lity' for which we, w i sh

to mimizt, cost. One reason for thle uncertaint\- is that even thet e~x-

ports do not agree, about thet nature of thle threat against which wt, willI

beV expected to defenid ourselves. Ibis disagreement concerns not onlyv

the de-tai ted level of a scenario, but what goes to thet makeup ot tn

scenarilo i t se It . Al so . the plIanniEng fac to rs t hitt a re itsed t o t ranlsIa tec

scenarios into numbers of men and equipment art, not known with enough

accuracy.

None of these suggested criteria imply any thing about thet goats

thle Government is trying to at ta in through use of thle corVnerC ia I aUg-

mentatI on program. Eni fact , the first three are nost real ly criteria

akt all, but rather vaguely stated objectilvs of Lte program. Cos t
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minimization, a tool for choosing among alternatives , can be an

end in itself. Usually, however, it supports some higher level goat.

It appears to us that a good deal of the controversy over commercial

augmentation is due to the lack of a clearly stated objective. Those

who control the program can materially improve the setting for analy-

sis by defining the pertinent higher level goals and delineating how

lower order ones interact. For example, suppose the highest goal is

the promotion (in a sense to be defined) of the national defense. When

civilian air carriers are given a role in military air transportation,

they contribute to the lower goal of get-eratiLg a reserve of resources,

supplementary LO the military, to be used in times of emergency. The

relationship of this objective to that of guaranteeing a surge capa-

bility for MAC must still be delineated.

Since this Memorandum goes beyond setting up a framework for analyv-

sis to an evaluation of one of the constraints placed on commercial

augmentation, it must have some criLerion to use. For the analyst,

although not for the decisionmaker, the solution is to use the cost-

minimization criterion for several levels of capability. The question

probed here, the desired level of commercial augmentation, depends on

the total amount of airlift desired as well as on the way the total is

to be divided. Rowever, because the arguments over thiLs program have

centered on the division of the job between the militarv and civilian

operators, we do not discuss the optimum level of airlift relative to

other modes of transportation.

CONSTRAINTS

Several segments of government have some power over the commuercial

augmentation program, and all of them have imposed constraints on it.ISince the DOD is in charge of the program, it has levied the largcst

number of conditions. First, Lhe Department of Defense has designated

certain types of cargo and passengers as eligible only to the military

carrier. The JCS Wartime Airlift requirements art, broken down into

hard-core requirements and other essential requirements. Blecause of

their nature or the nature of the mission, "hard-core or critical

[ ,,
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requirements must move in military operated aircraft." * The hard-core

requirements have been defined as "airlift requirements which must move

in military aircraft, manned and operated by military crews because of

the special military considerations, security, or because of limiting

physical characteristics such as size or dangerous property. Included

in this category are special military deployments involving nuclear

retaliatory forces, the SAC post-strLke recovery mission, tactical de-

ployments, movements of missiles and special munitions."

The question of a division of military traffic between military

and civilian carriers applies only to MAC's Airlift Service Industrial

Fund (ASIF) activities. These include channel airlift, troop carrier

activities, aeromedical evacuation, test exercises and special assign-

ment airlift missions (SAAMs), financed through an industrial fund by

direct payments to MAC by each of the user services. MAC also performs

technical services -- the Aerospace Audio-Visual Service, the Aerospace

Rescue and Recovery Service, and the Air Weather Service. As Table 5

indicates, ASIF services account for about half of MAC's aircraft and

between a quarter and a hali of its personnel.

Table 5

ASIF OPERATIONS AS A PERCENTAGE OF
TOTAL MAC ACTIVITIES

Category r1959 -1963 1964 1967

Aircraft 148 57I 56 51
Personnel 1 24 31 33 47

SOURCE: U.S. Air Force, Military
Airlift Command, Ai:lift Service Manage-
ment Report, Scott Air Force Base, Illinois,

1958-1967.

Airline operations are conducted mainly on channel airlift routes

and on runs for the Air Force and Navy between their continental bases.

Ibid.
Stanley Brewer and James Rosenzweig, Military Airlift and 1I-s

Relatlonship to the Commercial Air Cargo Industry, Graduate School of
Business Administration, University of Washington, Seattle, Washington,
1967, p. ikx.

A2
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Very little, if any, commercial augmentation is applied to SAAMs, and

none to the other ASIF activities.

Even though the "hard-core constraint" is based on the airlift

job to be performed during wartime, it affects the peacetime division

of military air transportation. Part of the wartime capability desired

of MAC is the capacity to surge from peacetime to wartime operations.

To guarantee this, the MAC fleet must be exercised during peacetime.

One way to assure that this goal is not overridden is to restrict the

peacetime operations allowed to the airlines. This is the effect of

the second constraint placed on the airlines. DOD directives limit

the areas of operation of the Military Airlift Command and the airlines

in their military charter work. Although these directives do not state

the limitation directly, they have been interpreted to mean that MAC

will not seek commercial augmentation for channel traffic unless its

own capability (at some given rate of utilization of the MAC fleet)

is insufficient to satisfy the demand of the various services at the

tariffs that MAC posts. In the continental United States, the airlines

have first choice with respect to military traffic except for that re-

served to the military by virtue of the nature of the cargo or the

destination of the mission.

A DOD Directive Issued 27 September 1968 apparently establishes

a new DOD policy with respect to commercial augmentation. It places

more emphasis on the "efficient peacetime utilization" of the military

fleet procured to meet JCS approved emergency and wartime requirements

and less on the "promotion of civilian air transportation," than the

directive previously in effect, but it is too early to tell how the

new directive will be construed.

In addition, the DOD placed restrictions on the type of partici-

pating contractor. Since Fiscal 1962, an airline must be an air carrier

as defined by the Federal Aviation Act of 1958 to be eligible for a

See Department of Defense Instruction 4500.23, 1 October 1956,
Section III. B.l, and Department of Defense Directive 4500.9, 6 January
1956, and its replacement dated 27 September 1968, Section IV.B.

The Military Airlift Command operated under a five-hour-per-day
flying hour ceiling during the early 1960s.



comnerci It aulletat iun cont ract - lti %cxc bides thet Part 45S carriers

and l imi ts cotrac tors to airl ines that a-., rtegu I aed bV tile Civil Aero-

nau tics Board. A poe tnial contranct or mu st al so des i gnate Sunw u i its

aircra ft as- part of tilt- Civil Reserve Air Fl eet (CRAF). Tis t'Let is

comprised oft c vilian a irc raft suit ablie to augment MAC a ir t ransport

forces in an emergecy Ii~DDtosuo Vi ud ina mean s

kit. encou raging the modern izatioun u t CRAF and increasinlg its capac ity.

Congress has exercised not unlY indirect cont rut over commercial

augmientation thruugh Air Fo rce app ropr iations,. it has also p1laced aF

more direct constraint on the prugram. Fur several y ears Congress has

earmarked $80 millIion -- $100 mill ion in Fiscal Ikt7 -- of thet DOD)

travel funds foir use inl procuring" cormmerc ial ai rli ft. Ani\ 1unused~k por-

Lion uof tile earmia rked funds is returnled Lutio ull, U..i~mu

When thle DOD1 1limi ted cuntractor-s tLI air carri ers as detined inl

thet Federal Aviation Act, the Civil Aeronatics B0,11rd dOc ided to Set

mininin; prices lor mil itarv Chartervis. '1101) act ICionl paved thlt wayV

to r I the tioard t o truke vhJI s move; i I had h ies it a ted t o do thIi s in1 t he

[',IStI teALI St' suit Lo0IIt r.1 L tor L) 1, S t Subljvc It to Iis regmi I atI i on.

Mil itary c ontract pr ices hiave been the minimium a I l oved.

All of th'se COnIstraints limit tile altLernatives for- providiliv air

ransportat ion services to the miilitary, If- they.\ ref lect physical

limitat ions onl thet number of al ternat ives that are at taitiab e, then

Such would be thet case if? thle airlines Were incapable oft carr 1ing

hard-core reqUitremen ts becau se of tilt e tpe oft ai rplanes tihe\- own or

plIan to buy. However,. these constraints may merelyv reflect tile pre I-

erences ot those Whot have some cont rol over thelt' mer C01 ut1C1 augmenll'lt ation

1pro i' raml. Enl Lthis case , they canl pre~venIt a 1 oast- cost cmo ice . While

there is no reason to place cost minimi.-it ion as the only cVi t enion,

aind thereftore to rejec t atll dec is ions that rest onl other bases,* there

mutst he somle way\ to choose among thle pot entLiallyv large ntumber of tilte

latter. One way is to compare tile costs, a prefe- rent ial constraint

p laces on the a i r i ft operatLion With thle constraint 's value to thle

decis ionmakers . If the lat ter is higertatiefmr those Whot

contrnol cLommnrc ial auigmentation may wish to overridle the least-cost

cnrtterion.
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There is reason to believe that the condition that limits hard-

core requirements to the military is based on DOD preferences rather

than on the physical properties of airlift supplied by the commercial

airlines. That is, the constraint does not reflect either physical

limitation or the results of some optimizing procedure like minimizing

cost. The next section presents the evidence for this hypothesis. We

then discuss whether this constraint prevents consideration of cheaper

ways of providing airlift.

*1



IV. THE NADJRE OF THE IIARD-CORE CONSTRAINT

To find ouit whether or not thet hard-core constraint is based onl

physical 1 1.imiuttIons , we watit to l ook aft tic sutbst 1.to t it poss bi I ft i es

between commnercial and military airlift. This depends on what kind

of airlift the military customers demand and how the products of thle

suippliers differ.

NELLCARY DEMND FOR AIRLIFT

The demand fo r mil it ary pas senge r a irli ft I s fair ly liomogeiieous

withb respect to type of airplane and type of' oprator becauise passen-

gers can be accomtmodated onl any type of' airplane, albeit. in different

citian t ( t I v -. Cargo airlift demiand is di fferet. It en1tails a type of

at rpl ant' and cargo-handilong equ lpment. as wellI as air ifft. 'Mv services

ship some types of' cargo Ilia t are too l arge (or mnany modern ai rplantes.

Further , they sometties want spec tat hand I lg to r their cargo, such as

rtrige-rat ion or tile kind oft handl tog requitred ror dangerouts art i li's.

Cargo That. Rcguires Sipecial R-andi inst

In formatiton onl thle k ind of cotimod t t es airlfteid hy thlt Anned

Forces is dIffti it to obtain. Two types- i) t cargo movemeon 5tel ttv

dlata 00l thel Spec tat handlintg charac terist ics of mil it ary commoutities:

channel f raft Ic and 4pei' at astgivment airlift InII lssi Otis. The hes t

Wte take t hIs inod irec t app roach rat he r than looking first at the
c ross - ilas Lt it of demand becanso comi'vrc ta I augmentLation vol uit' and
prices do not constitute iaa for measuiring this parnmeteir . Undetr the'
pr Vt og systemn use4d for channelI t rAUftIC, thi'e Air Force charges its4 cuis-
toiers thet same prIce, whe the r thet sh ipmen t goes o i mili tary or votmier-

c ia ircraft . For special assitgnme'nt at r lIft missitons thle raties (io
de'pe.nd oil ti'e typo of aircraft usi'd, but flis is because rates covi'r
thle chartor ing oif tilt whole atircra ft antd thuis total capacity. Tlhi'
raft's woo Id hi' the( same ifr the aircraft wore thle same. T7he cross-
elast icity of demiand between products A anti 11 is defined to hi'

relative citaniw in the ouantitY of A . I ndicates the idegree of
relative change tin thle price of R

subst Itut ton between two products.
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primary sotarce fo r clianne -I t ratfi c Ls t he Transpo rtatlion ContIrol anI~d

Movement DocumentI (T"D card) that is requ ired to accompany stch siIp-

ments by MILSTAMP regulIat ions. UnlIess t he cards arte helId f or a spe-

c tat purpose, recordkeeping prac tices do not pentiit a Limle series ot

these data. The aerialI ports that have puncli. card accounting machi ne's

keep the cards on sipmients that originate or terminate there inI an

ac tive f ile for one year and in a ret ired fil e for tlxcee years. They

are then destroyed.

The RAND Corporation cotllec ted TCMD informaltion from eight Cont i-

nental United States Aerial Ports of lEubarkation (APOE) on magnetic

tapes for calendar year 1965. The Doiglas Aircraft Company' s materials

hiandling study (hereafter referred to as fihe Douglas Study) comp iled

the data Into comodity and cargo hiandhi g cl asses shiown in Table ().

Because of report ing errors , the data are not comIp I et. InI Si)t of

tis, the Douglas Study reports that these records yield tonnage f-ig-

tires for thle eight APOEs- that are c lose to export air lift I omige cc-

ported by APOE on MC J-7 reports. At present * these are the oinly

published. categorized data on chiannel airlift.

Table t) shiows ltxa t for till of tilie APOEs except McChiord and McGu ixe,

most of the cargo sixIpped demanded no special handlin g . 11ixc special

hiandlig desired at these two bases was refrigeration, cortainly some-

thing coumercial airlines are, familitar with.

Hlandlinug chxarac terisItics kit dangerous ma terialI do not prevent the

airlines f romt carrying thli s type of art iclIe eithier. According to FAA

regulIat ions , thetse are art iclIes defined in 41) CFR , Parts I172 t1trxough

178, and Include explosives, fianuable I iqxids and solids, oxi dli. ng

Thte acronymu stands for Military Standardi rransportat ion and move-
men I Procedures4. Thlis DOD-wide programi integrates "supply and tcans -
portat ion actionis to assure timely responisiveness tit the various supj-
ply di st r ibht ion syst ems. DOI )0), SupyMiaetcitRfrneIlk
DA Pamphlet No. 700)-1 , U.S. Coverninent Printing Off ice, Wasiiloll D l.C.
JTan. 19M', p. 104.

Douglas Study, pp. 10-lI.

Another group of data oni chiannel airlift covering 1467 and the
first five' monthis of lQbg hias been compilted by thle Stdites and Antalysi s
Group of the D~epa rt men t of the Atir Force. It Is collat ing shiipment s to
Southeast As ia by type o I commodity and spec i al lxiund i uxg cat ego ry. EvxII
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Table 6i

CARGO HIAND)LING CIIARACTRISTtCS OF CIIANNFL TRAFFIC, 1905
(Percentage ot Pieces Lit Each Category)

No Special Dangerous Refri gerated SecuriLt y
APOE __Hland I Ilug Ma te rialI Food S tutff s 11 recau t ions

T r:1 v ts 89.6 o.7 (a) (0)
D~o vvr 84.5 4.8 o.3 (it)
M~u i re 54.9 1.8 24.2 1.3
Ke' IlI 92.3 6.7 (0) (at)
McChord 37.7 2.5 59.2 (at)
No r f o i k 84.5 0.2 (at) 3. 2
Chi~rlesttou 88. k 8.9 (a) ()

A ~rt on 94. 1 1 .8 - a

SOIIRCE: S. Moplewer, ot at Post-1971 Materials Itandi ing
Study Final Revort., Vol. II, Part 1, "Systems Analysis,"' U.S.
Ai r Fo rce, Ac roniat itcal Sy stems Di)v si on W r glit-Pa t e rsonl Air
Force Pse . ASI)-TR-0i-5 . May 1467. p. 19).

iLess than 1 percet'lt

mia teriLals I*co rros ive'I 11i i ds . comipre'ssed gases . alid po isolnou art icIes.

Ca rgo ciassitled ais dangerous is suiblvc toI a great man rgi ations

st t ortl hby the Aitr Fo rce' the Federal Aviationi Adm in is trat ion and

thet Department ot Transportation coverig labelling, packaging, storing

and handiI1ng . etc . Mhtv FAA atnd theit CA B ha-tv exemp tevd a i r I lit cl it r t vers

I or the inl I Iltary frOml those parts of the Federal Aviationi Act of 1958

t latitml gh t res t r ict car ria go. ofI dan gerotuis goods , and , as ' a ma t te of1,1)

I .ac t . t he a IrlIintes have' ca rr ied atI I k inds oft dangerouts a rt icle s to r

t t WD. inic hditipg Class A explosives. The lait ter are X exluided trom11

tontinere jal carriage by D'epartmnt of Transportation regu i at iois.

though thev at-' limi ted by area,* these datat wI 1 I provide, a valuable
addi (ion to the smallI stock of inuformat ion on colmiodi iv charact e st tcs

,of MAC shi pment s when they are rel eased.

See' U.S. D~epartment s of the Alir Foret', Annv , Navy and the Detllse
Supply Agency. Packaging and ilandli iig oit Dangerous Materials for Trans-
jior t a tionl by Mili t ary Aircraft , U.S. Governmen'I t Pt- inl t (ien 1 Oft iCe V WalShlitg

tonl. D.C. , Air Fortce Manuial 71-4, 7 Auguist I 968; Federal Aviation Ad-

min nst rat iot, Feterat Aviation Reg i at iotns . Par- 103: -Tlrminspot Iat i on
of Dangt'rotis Articlets and Magnetized Materials,"' Washington. D).C. , 10
January 196$; asnd Code of Federal Reat iions . Ti t e 49: " Trans po 1 t a-
t ion ," Parts 17t-118, U.S. Govermient Printhing Office, Wash ington .0-.C.

1968.



Al though spec ia ass ignmentI air lilt mi.ssitons do not represent tilt,

majoritLy of MAC shipments , they yitel d informa ion about Litt- Anited Force-s

demand for airl.Iift These miss Ions are similar to tilt cha rt ers t hat

thet comilerc tal airIi nes perfoui Lin thai. they provide approxima tel y door-

to-door, on-cal I service. Traffic moves on tis type of ali it rather

thani onl chaninel routes because of the time requirement tor- Lte shipment,

anl off-I inc destiation, or Lte size and nature of the,. equipment to bet

moved.

SAAMS are exempt from MILSTAMP regulations. Thlis means thatI TCMD

cards have not. been kept for such miss Lons . Thiere fore , there are, not

data onl thet comitodity classification of goods shipped onl SAAMs tint il

1967 when MAC initiated at special data gathering effort. The Commuland

Ls continuing to collect thec data whilev it sets up anl automated pro-

evdure for hiand! ing them. The data source is requests for SAAMS sent

to MAC by various servi-ces; i.e. , Lte, data do not represent actual move-

mients. The Military AirLft Commuand hias provided RAND) withi thet SAM

records for calendar 1967 , excluding special weapons.

Table 7 data are aggrega ted by thev month the request was received

and by cargo-handtIing category. The class if led Supplement to thi s Memo-

randum conta ins a more detailed breakdown of SAAMs. I n contt raks L t o theit

channel traffic data , the SAA' tonnage for each month except November

was app roximately evenlyv divided between "'dangerous art iclIes"' and ''no)

speciatl handling.''

None of the data di.scussed SO far mentLin out si .et dimensions as

a chiarac tenst ic of thet cargo shipped. Whiether or nt it i s poss ile

to ship outsize cargo by air depends onl the type of ai rplane and the

cargo-hand Iing equLimet av Zhia hi e. InI fact,* thet t erm ouits ize i die -

fined in these t erms. Cargo is certainly out size it it will nt go

through the airplane- door, bukt itL canl a I so be conls i de re'd ou t S i tc bccal sv

o t p robl 1ems wiL th haItindlIinitg equ imevnt1 . When there, are o ac ilities to r

off- loading vehilIes at the destination, thI ose, thatL are a ccommlloda ted kin

onev ai rplane may not leit! Sipped on a Second oft not l esseri capacitY it

tlti first p~rovi des for ent ry and exit uinder the1 vohi Ici '' s own power

For example, SAAMS made up about 32 percent oit Lii total MAC ton-
miles in fiscal Nq66 and 24 percent in fiscal 1%?/
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Table 7

MAC SPECIAL ASSIGNMENT AIRLIFT MISSIONS, 1967
(Percentage of Pounds of Cargo in Each Handling Category)

Dangerous No Special
Month Materials Animals Handling

January 31.8 0.2 68.0
February 47.2 0 52.8
March 45.6 0 54.4
April 51.2 0 48.8
May 54.7 0 45.3
June 54.6 0.1 45.3
July 55.6 0.1 44.3
August 41.6 0 58.4
September 49.4 0 50.6
October 52.4 0 47.6
November 85.9 0 14.1
December 47. 1 0.2 52.7

NOTE: Because of errors, only 83.7 percent of
the population, measured by tonnage, are usable.
On the basis of individual record items, 78.1 per-
cent are usable.

SOURCE: Requests for special assigniment air-
lift missions received by the Military Airlift
Command in 1967.

and the second does not. The Air Staff Studies and Analysis Group de-

fines outsize cargo to be any that will not fit on the 88 by 108-inch

Air Force 463L pallet.

It appears that the Douglas Company materials handling study men-

tioned above contains the only published data on outsize shipments.

It discusses data from two recent surveys that Douglas conducted at

Travis Air Force Base. The 1965 survey covered a three-week period

The commercial pallet is 88 by 125 inches.

Douglas Study, Vol. IV, Part 2, pp. 7-11. The MILSTAMP system
yields data on outsize cargo, although none are currently available to
researchers. When any dimension of the shipment Is greater than six
feet, MILSTAMP instructions call for a "trailer" card to accompany the
TCKD card that lists total dimensions. The 1965 T(MD data contained
traller cards but they were of such poor quality that they were not
kept. The Studies and Analysis Group report will contain LnformatLon
on the number of Southeast Asian outsize cargo shipments as defined
above. The SAAM data have no information on dimensions.

I
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and measured all oversize export cargo. The sample consisted of 1658

pieces. Only 3 percent of the pieces shipped from Travis during this

time were outsize to the 88 by 108-inch pallet, but these same pieces

constituted 30 percent of the weight and 36 percent of the volume of

total export shipments. Length was the factor that made most of the

cargo outsize to the 463L pallet. Douglas suggests that a pallet train

of 3 pallets would take care of 93 percent of tile oversize cargo.

The Douglas Company followed this examination with a ten-day sur-

vey in September and October of 1966. The study group measured all

outsize cargo arriving at Travis during the period plus tile oversize

cargo backlog extant at the beginning of the survey -- a total of 1864

pieces. Oversize cargo was 6.3 percent of the total pieces, 20 percent

of the weight, and 27 percent of the volume of all cargo shipped during

this period. The data indicate that a cargo-handling system that ac-

commodates pieces up to (a) 24 feet long would accept 95 percent of tle

pieces; (b) 9 feet wide would handle 99 percent of tile pieces; and (c) 6

feet high would handle 92 percent of tile pieces.

Type of Cargo Moved During Wartime

Since MAC's charter implies that Its operations and size are dic-

tated by wartime rather than peacetime demands, we should consider the

type of cargo MAC's customers will want to ship during wartime. The

data presented above cover the demand for airlift during the Vietnam

buildup and so provide information on what demand is like in a limited

war situation. They do not, however, convey a picture of demand during

the rapid deployment phase that figures into so many of the contingency

plans being formulated today. For this situation the "data" consist of

estimates of cargo demand tailored to fit a particular scenario. The

type of cargo contemplated for airlift depends ont assumptions about the

size of the confrontation, its location, how fast a "rapid" deployment

is wanted, and tile cost of airlift, sealift and preposLtLioning, among

other things. Several studies have recommended airlift of vehicles

either from prepositioning sites or from the United States during the

initial deployment; should such recommendations t, adopted, they would

Increase the present demands for outsize cargo airlift. How much larger
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depends on the relative proportions of prepositioning, sealift and air-

lift. It also depends on questions that are beyond the scope of this

study: What scenario do we adopt -- a nuclear war, a Vietnam type war,

a rapid deployment, and so on; do we prepare for the scenario with the

highest probability given our present point in time, or the scenario

that describes the case that puts the greatest demand on our resources;

d. we try to be prepared for all X number of possibilities? The most

we can say without adopting the recotimendations of a particular war

plan (and that seems unnecessary for purposes of this study) , is that

some increase in the demand for outsize cargo airlift is to be expected

during wartime.

SUPPLY BY AIRLINES

From the sketchy data available, we have found that cargo sippers

demand particular kinds of handling. For channel airlift, given the

military demands for airlift of the past- few years, this special proces-

sing has taken the form of refrigoration and outsize cargo handling.

For special assignment airlift missions, a good deal more of the cargo

was considered dangerous and required special packaging and label ing.

Pifferences in Supply Ie to Type of Aircraft

The airlines have been shipping fruits, flowers and other perish-

ables under refrigeration for quite some time. They have also had ox-

perlence in transporting all types of dangerous articles. Security

precautions do not present obstacles to carring classified sipmen ts

on commercial carriers either. It is well known that many civilian

companies have been authorized to handle classified material up to

top secret. Their ability to carry outsize cargo is shown in Table 8,

which presents two capacity characteristics for the cargo-carrying air-

planes purchased by the commercial line. and the Air Force. With the

coming of the )umbo jets in 19,S9, there will be a sizeable Increase in

the cargo airlift capacity of both the a.rlines and the Air Force. The

747F will furnish almost three times as ,ituch useable cargo volume and

the C-5A almost five times as much as the airplanes the carriers oper-

ate at present.
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Table 8

TYPE OF AIRPLANE OFFERED FOR OUTSIZE CARGO AIRLIFT:
AIR FORCE AND COMMERCIAL AIRLINES

Largest Cargo Airplane Volume

Access Dimensions Usable for Cargo

Airplane Height Width (cu ft) Special Features

Commercial

707-320C 7'7" ll'2" 8,074 --

DC-8F 7tt' 1l'8" 8,810 --
CL-44J 6'l" 7'9" (tail) 8,625 swing taila

747F 8 '4'tb 11.4
''b 23,890 nose loading

Air Force

C-141A 9'l" 10'3" (tail) 8 ,73 0c tail loading with ramp
C-5A 131 611d 19'0 11d 38,680e  nose and tail loading

with ramps

SOURCES: Jane's All the World's Aircraft 1966-67 and 1967-68,
J.W.R. Taylor (ed.), Sampson Low, Marston & Company, Limited, 1966
and 1967; Lockheed-Georgia Company, C-5A Operational Planning, MER 400,
Marietta, Georgia, July 1967, p. 6; The Boeing Company, Commercial Air-
plane Division, Everett Branch, Boeing 747 Cargo and Baggage Systems,
D6-13912, Renton, Washington, October 1967.

aThe swing tail permits loading into the full cross-section of the

main cabin, tail area, and rear under floor hold. The cabin dimen-
sions are the following: width at floor, ll'0", and the maximum height
is 6'9".

bNose cargo door. The right side of the airplane has two 104" by

66" rectangular cargo doors.
clncluding ramp area.

dThese are the dimensions for the forward loading opening. Dimen-

sions for the aft loading opening are as follows: height, 9'6" and
width, 19'.

eIncluding troop compartment.

The freighter version of the Boeing 747F has both nose and side

loading, but cannot handle heavy vehicles because the floor is not

stressed for such dense loads. Further, it lacks the integral ramps

that allow vehicles to roll on and off of the plane, and thus requires

large loading platforms. Lockheed designed the C-5A to handle heavy
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vehicles; it has a floor stressed for heavy loads with both nose and

tail-ramp loading. It has been designed to land on unimproved strips.

Commercial airliners are not so designed. The C-141 and C-5A also have

an advantage over the commercial airplanes in that they require shorter

takeoff and landing distances.

According to the Douglas outsize cargo studies mentioned above,

however, all of the existing cargo airplanes except the CL-44J have

cargo doors wide enough to accommodate 99 percent of the pieces out-

size because of width and 92 percent of pieces outsize because of height.

The 707-320C and DC-8F might have some trouble accommodating pieces out-

size because of length since they do not have end loading.

Differences in Supply Stemming from Ownership of Airlift Services

Because the military demand for airlift includes transportation

during emergencies, a question arises about differences in availability

and speed of response due to differences in the ownership of airlift

resources. The Air Force has been concerned that they would be unable

to obtain the services of the commercial airlines to the extent they

wished if an emergency short of full-scale war arose during the season

of peak commercial demand. Of course, there is a price that the mili-

tary could offer the airlines that would bid resources away from com-

mercial uses. The question, then, is not whether the airlines will

perform military services, but at what cost. A more relevant consider-

atLon with respect to ownership is how fast (relative to military re-

sources) commercial planes and crews can respond to a sudden, large

increase in demand.

The Civil Reserve Air Fleet (CRAF) was set up to deal with both

of these problems. Each contractor allocates some of its equipment

by tail number to the CRAF. In their contracts with the Department

of Defense, the airlines promise to supply these predesignated air-

planes within 24 hours. The activation procedure was divided into

The CL-44 cargo door is too narrow to be Included in this state-
ment.
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three stages in 1963 to assure emergency airlift under conditions short

of general war and at specified prices: the Secretary of Defense or

his designee mobilizes Stage I under conditions of an "airlift emergency;"

a Stage II emergency named by the President calls into use a larger num-

ber of airplanes than Stage I; Stage III activates all commercial air-

lift forces promised to the Fleet. Data generated by a mobilization of

this Fleet would allow a check of hypotheses about the responsiveness

of the commercial fleet. However, the CRAF has never been activated

even though it has existed since 1952.

There have been a number of tests of the Fleet, but they all con-

sLst of moving resources around on paper. None examine the responsive-

ness of CRAF; each assumes that the planes will be available according

to the provisions of the commercial augmentation contract. To date

there have been five CRAF exercises: "Snowflake," August 1959; "Mixed

Double," 15 February 1966; "Cold Scarf I," 28 December 1966, "Cold Wire,"

3 July 1967; and "Cold Scarf II," 15 July 1968. MAC recently decided

to conduct annual CRAF exercises along the lines of these tests.

The exercises were designed to locate problems with other aspects

of the activation of CRAF than the speed of response. The primary ob-

jective of these tests has been to check the communications of the CRAF

Airlift Scheduling Center with the carriers. Some of the other facets

MAC examined include activation of a Senior Lodger Station, review of

the purpose and requirements of the CRAF program, and study of CRAF

publ icatlions.

The fact that CRAF has not been called up shows that the Air Force

has been able to secure commercial augmentation during emergencies at

prices, quantities and response times that they deemed acceptable; the

alternative of activating CRAF was always available. As a matter of

fact, several airlines recently found it profitable to cut their commer-

cial schedules during the peak summer season to provide services to the

A Senior Lodger is a predesignated CRAF carrier that has been
assigned by MAC as the coordinating agency for all activities concern-
ing CRAF operations into a designated dispersal/regroup base when CRAF
is activated and where operation from a dispersal posture is required.
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military. In addition, Fig. I shows that the airlines have handled two

very sizeable increases in demand for commercial augmentation without

the aid of CRAF.

Regardless of the speed of response and availability, planning

and information would certainly be easier for military commanders when

resources under military jurisdiction are owned and therefore completely

controlled by the military instead of by civilians.

Problems of Civilians Operating in Combat Zones

As any buyer does, the military considers the quality of its pur-

chase as well as the price. No one claims that a Volkswagen is always

better for a civilian buyer than a Buick simply because it is cheaper.

There is no reason why the military should not have the same range of

choice. Besides the type of aircraft and the speed of response, there

is a third quality aspect of airlift that the military takes into ac-

count: the Congressional hearings on military airlift contain expres-

sions of doubt about the wisdom and feasibility of allowing civilians

into combat zones. Some of the potential problems include (a) insurance

for personnel and property; (b) status of forces agreements and prisoner

of war agreements that cover the relationship of military personnel and

the laws of foreign countries, as well as treatment of personnel while

detained by enemies of the United States; and (c) medical attention.

In the commercial augmentation contract, the Air Force explicitly

recognizes that the airlines might have difficulty in buying war risk

insurance at prices comparable to normal coverage, so it has provided

for Government indemnification of the contractor against loss of air-

craft or other property and death, disability, disease, injury, or in-

pairment of rights of persons. The Federal Aviation Act of 1958 au-

thorizes the Secretary of Commerce to provide insurance against loss

of life, injury or detention arising out of war risks when insurance

"adequate for the needs of the air commerce of the United States" cannot

be obtained on "reasonable terms."

Indemnification depends on the availability of appropriations.
49 USC 1532.
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When a civilian is acting under orders of the Armed Forces, as

airline personnel would be doing under activation of CRAF for example,

he can be issued a Geneva convention card that states:

The bearer of this card is a civilian noncombatant serving
with the Armed Forces of the United States, whose signature,
photograph, and fingerprints appear hereon. If the bearer
of the card shall fall into the hands of the enemies of the
United States he shall at once show this card to the detain-
ing authorities to assist in his identification. If the
bearer is detained he is entitled to be given the same treat-
ment and afforded the same privileges as an individual in the
grade, rate or rank of the military service of the United
States indicated below, with any and all rights to which such
personnel are entitled under all applicable treaties, agree-
ments and the established practice of nations.*

Although this card may not solve the status problem of civilians

operating in combat zones because the enemy may choose not to recognize

it, it shows that a mechanism has been set up to protect civilians in

these circumstances. Since it has been used and is still retained, it

appears that no serious problems connected with its use have arisen.

The Air Force has also recognized the problem of medical aid for

nonmilitary personnel; civilians acting under military orders may re-

ceive medical attention at military facilities. Although the Armed

Services have set up machinery to deal with civilians in combat zones,

and there have been wartime situations before Vietnam in which they

have participated, it is rational that military personnel would prefer

to have all of the people they work with under their control.

SU IARY

This section has considered the degree of substitution between

military and civilian airlift in order to determine whether the hard-

core constraint is based on physical limitations of airline services

relative to military demand for airlift. First, the type of airlift

demanded by military customers was examined. Since passenger trans-

portation does not depend on the type of airplane used, cargo demand

Department of the Air Force, Air Force Regulation No. 30-20, Issue
and Control of Identification Cards, 14 June 1965, p. 16.

See the comments about the operations of Air America in Cecil
Brownlow, "Sustained Viet Buildup Urged to 1972," Aviation Week and
Space Technologv, Vol. 86, No. 4, 23 January 1967, p. 27.
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received detailed attention. The data available indicate that there

are two kinds of demand for cargo airlift; some cargo can be shipped

with no particular attention to processing, but other cargo requires

special handling. The special procedures involve refrigeratLon and

activities pertinent to dangerous materials, classified shipments or

outsize cargo.

Second, the supply by the airlines was reviewed. It is physically

possible for cotmnercial aircraft to meet all military cargo demands

except for outsize cargo made up of vehicles, and perhaps cargo outsize

because of length. The planes the Air Force purchased have a couple

of advantages over the planes that will be in the airlines' inventory

in the near future: (1) they have the ability to carry and easily load

and unload vehicles; (2) they can accommodate cargo that is outsize

because of length since they have end loading rather than side loading.

On the cher side of the ledger, most cargo outsize because of width

and height can be acconnodated by existing and planned commercial cargo

planes, where outsize dimensions are measured by the Douglas Study.

Besides differences in type of aircraft, there may be distinctions

in the supply of airlift due to ownership and the fact that operations

are conducted in combat zones. Although the Air Force has been able

to secure airline services at rapid enough response times to eliminate

the alternative of activating CRAF, there are no data on this variable

under emergencies that demand a surge. Until CRAF is tested in the

field, the response time of civilian resources remains an open question.

Any differences in supply because civilians do not ordinarily enter

combat areas lie more in the realm of preferences rather than physical

limitations because the Armed Forces have set tip the mechanics for such

operat ions.

Note that Lockheed has no restrictions against selling these planes
to civilians. If the airlines saw a market for them -- and this would
probably be a military market -- they would buy them.

There is one further consideration pertinent to a discussion of
the degree of substitution between the two types of air carrier: if
commercial resources are committed to a wartime Job, the cLvLitan sec-
tor of the economy will yield resources to mlitary operations, such
as the maintenance of routine channel missions, during the emergency.
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In the light of the admittedly sketchy data we have looked at,

there are large possibilities for substitution between the military and

civilian air carriers. The hard-core constraint, then, appears to be

imposed on the basis of preferences rather than physical limitations.

The problem with a procedure like this is that one constraint leads

to another. If the Air Force is equipped to furnish hard-core airlift

during wartime, it is also being provided with a peacetime capability.

This capabLiit) is quite cheap relative to alternatives because it is

available at marginal cost; investment costs are charged to the wartime

job. Thus the constraint on what the airlines can carry during war

carries over into a restrictLon on their activities during peacetime.
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V. COST OF THE hARD-CORE CONSTRAINT

Military use of civilian air carriers is limited by the DOD re-

striction placed on the type of goods "eligible" for civilian airlift.

Section IV shows that this policy is, for the most part, not required

by the physical nature of the goods to be airlifted, the characteris-

tics of the equipment the airlines own or the difference in tie legal

status of civilian and military personnel. An alternative explanation

for the policy is a military preference for control over all resources

witlin its sphere of operation. Thle cost associated with such a pre-

ference therefore becomes highly relevant. By preventing tile consider-

ation of a feasible alternative to military airlift of military traffic,

such a restriction may prevent the choice of a least-cost way of pro-

viding airlift. This section presents tle available methods for find-

ing out if such las been the case with respect to the hard-core con-

straint.

ASSUMPTIONS AND METIIODOLOGY

To determine whether the hard-core constraint places a cost on the

military transportation system, we consider the hypothetical policy of

purchasing an increment in airlift services from civilians relative to

the costs of the policy of furnishing the airlift in-house. if one

compares the cotimrcial and MAC costs for a particular Job, with no

limitations on the type of operations of either, one can get an idea

of tile cost of the constraint. In essence, look at the cost differ-

ences among al ternatives, ignoring the constraint. Let us examine the

cost of procuring and operating in all-cargo configutation a block of

C-5A airplanes in addition to the 58 the Air Force already purchased.

As a hypothetical example, let tis Intquire abotit tht cost of purchasing

and operating the 57 C-)As that comprist, the production run 11 option of

the C-5A contract with Lockheed. An examination ot the models pte-

seonted below will show that. any other number would do equal ly well.

The two imaginary fleets to he compared ire shown in Table 9.

U.S. Air Force, Director ol Management AnalysIs, U1SAF Mlananement
Systems: Designated Systems, AMA 08-0684, 30 June 140, p. 21. Mi litary
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Table )

COMPOSITION OF FLEETS COMPARED1

All Other
Fleet C-5A Ai rcraft own-rsh iT.

A 115 X 4AC
I 58 X MAC

57 A Airlines

Both fleets are assumed to have the
Salle physical capability.

Tie same airplane is used in these two altornatives In order to

emphasize cost differences that stem from titt ferences in areas other

than equipment. There is a good deal of substittUtIoni possible between

the carriers with the equipment they have in their inventory and on or-

der, and also there is tio reason why both types ot carriers cannot oh-

tain the same equip,,kent. We used two cost mode s tor our comparisons.

For military operation of tht C-5A, we use a uxtdel developed by the Cost

Analysis Department ol RANI)D, and for airline operation, we tuse .a model

developed by the Research Analysis Corporation.

MILITARY AND AIRLINE OPERATION OF TiE C-5A

The Airline Model

When the Research Analysis Corporation (RAC) sought a cost model

to estimate the costs ot operating the supersoni t air t ransport and

other advanced aircratt, they tested against actutl costs the five mod-

es that reflected the host research completed at thrat t ime. The ir

demand for transport at ion, its we have seen, itcitudes iot only ton-miles
of transportation but a lso the type of airplane itself, since it is tihe
wartime demand for airlift that dominates. Tie Air Force has contracted
to purchase the C-SA aircraft because it has characterist ics, suich as the
ability to carry heavy vehicles, that are deemed important to meet war-
time airlift demand. For these reasons, WOI have cLhosen to examine the
costs of adding some number of airplanes rather than some number of ton-
miles to MAC's airlift capacity. It the latter assumpt ion had been
adopted, the cost differences between military and airline operations
discussed below wotld t changed in direction aind size.

R. A. Booth, et al., Cost Ana lysis of Superstnic Transport in Air-
line Operations, 2 vols., Research Analysis Corporation, McLean, Virginia
31 December 196.
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model combines some aspects of several of the models tested. It esti-

mates costs for a "representative firm," on a route characterized only

by distance.

The RAC model consists of equations that are dichotomized into di-

rect operating costs, which measure costs that cover the operation of

the airplane, and indirect operating costs, which measure costs that

deal with the handling of passengers and cargo. For this study, the

model was run for trips of 1500, 2000, 3500 and 4500 statute miles in

an all-cargo operation. It was also run for three different yearly air-

craft utilization figures thought likely for the Boeing 747, an airplane

comparable in size to the C-SA. Only operating costs are considered;

investment in terminal facilities, runway strengthening, and other costs

incurred to put the first C-SA in operation are assumed to have already

taken place, since we are considering an addition to an existing stock

of airplanes. Operating costs include allowance for depreciation.

A detailed account of the assumptions that lie behind the equa-

tions may be found in the RAC document describing the model. Here we

present a general idea of the variables used in the estimates. The

Appendix contains a complete list of the equations and the values of

the exogenous variables used to compute costs. Soni costs, such as

fuel, crew and aircraft control are fixed estimates of future costs;

that is, they are not derived as functions of exogenous variables.

Others are functions of particular variables.

Maintenance costs, for instance, are based on the weight of the

airplane, the weight of the engines, and engine thrust. This means

that the model yields similar maintenance costs for airplanes that

weigh similar amounts even if one of them has more complicated compo-

nents. An example that quickly co cs to mind is the Boeing 747 versus

the C-5A. The latter has a complicated landing gear that gives the

airplane rough field landing capability. It could make maintenance

costs higher, at least on this component.

The parameters of the maintenance equations are based on a mthod

of accounting for maintenance costs called the Air Transport Associa-

tion Spec 100. It breaks costs down into much finer detail than reports

Ibid.

Lm
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that the airlines submit to the CAB as part of their reporting require-

ment. This extra detail is supposed to improve maintenance estimates.

The costs used to determine the parameters are averages of actual costs

incurred by American, United, and Continental Airlines during 1964 and

1965 and reported on ATA Spec 100. These costs are increased by apply-

ing the ratio of the weight of the advanced airplane to the weight of

the Boeing 707, the airplane for which Spec 100 costs were reported.

Maintenance burden (those costs attributed to the supervisory or-

ganization that directs the maintenance facility) is computed as a per-

centage of total maintenance cost. The depreciation cost contains an

assumed spares ratio of 30 percent for engines and 10 percent for the

airframe.

The parameters contained in the indirect operating cost equations

were taken from extrapolations of a three-airline average of the avail-

able time series of data. In some cases this means projections of a

trend; in others it means using the same value as the last year of the

series--in most cases 1965. The Appendix contains the costs estimated

by the RAC model for airline operacion of the C-5A broken down by equa-

tion, utilization and trip distance.

The Military Model

The military model, developed by RAND's Cost Analysis Department,

is organized differently from the airline model. The cost categories

are fewer. All of the equations contain components that are fixed rel-

ative to the exogenous variables. For example, the model computes ex-

penses incurred for petroleum products by applying a fixed factor of

$342 per flying hour to the total number of flying hours for the fleet.

The factor comes from estimates prepared by Hq USAF, Directorate of thle

Budget, Cost Division. "Modification and Recurring Aerospace Ground

Equipment," "Depot Maintenance," and "Annual Replacement Spares" are

computed in the same manner. Some costs other than personnel expenses

are based on the number of people estimated to run the operation. "Ve-

hicles and Other Base Maintenance Equipment" and "Other Support" costs

*Depreciation covers the price of the airplane and the spare parts

purchased with it.
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depend on a fixed dollar cost per military employee. The Appendix con-

tains a list of the equations making up this model, and the output of

the JOSS program used to make the calculations.

To assess the effect that flying hours have on military costs, the

model was run for four values of this variable chosen to yield values

that were low, standard and high relative to the number of future fly-

ing hours programmed by tile Air Force for the C-5A. The RAND Cost Anal-

ysis Department felt that the different flying hours called for vary-

ing crew ratios rather than the one planned for C-5A operations because

using one ratio for all of the cases of flying hours resulted in under-

utilization or over-utilization of crews relative to the planned number

of flying hours per crew. As with the airline model, none of these costs

include investment in facilities. We note, however, that they exclude

the airplane cost because there is no allowance for depreciation. Many

of the fixed factors have been estimated from data on Air Force-wide

activities rather than MAC operations alone. The costs that depend on

such factors, then, represent some kind of "average."

An Illustration of C-5A Costs

Tables 10 and II present the 15-year costs estimated by the two

models for civilian and military operation of a single C-5A. The RAND

model, Table 10, computed military costs per flying hour. To obtain

numbers comparable to airline costs, which are computed as costs per

trip, we multiplied hourly flying costs times yearly flying hours to

get yearly costs per airplane. Column 6 multiplies the latter by 15

years. And column 7 adds the investment cost of the airplane including

research, development, test and evaluation expenses. This particular

interval was taken because it is the length of the depreciation period

in the airline model. At the end of 15 years, the airplane would be

fully depreciated and thus all of its costs included in both cost es-

timates.

The airline model, Table 11, computes trip costs based on three

different assumptions about yearly utilization. To put these into

*JOSS is the trademark and service mark of The RAND Corporation

for its computer program and services using that program.
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Table 10

ILLUSTRATIVE OPERATING COSTS OF THE C-5A: MILITARY COSTS PER AIRCRAFT
(Costs in dollars)

(1) (2) (3) (4) (5) (6) (7)

15-Year
Operating

Operating Cost Plus

Trip a Yearly Yearly Costs Yearly 15-Year Airplgne

Distance Trips Fly Hrs ($/FIy Hr) Cost Cost . Cost.

2000 365 1570 1617 2,538,690 38,080,350 59,512,350

4500 208 1914 1575 3,014,550 45,218,250 b6,650,250

1500 730 2409 1536 3,700,224 55,503,360 7b,935,360

3500 365 2665 1522 4,056,130 60,841,.950 82,273,950

astatute miles.

bTotal price of the airplane including RDT&E is $21,432,000.

Table 11

ILLUSTRATIVE OPERATING COSTS OF THE C-5A: AIRLINE COSTS PER AIRCRAFT

(Costs in dollars)

(1) (2) (3) (4) (5) (6) (7) (8)

Yearly Yearly
Fly lirs Block Yearly Cost

Trip a Utilization Cost/ in MAC Time MAC in MAC 15-Year

Distance (hrs/yr) _Trip Ops (hrs) Trps _ Ops Cost

3300 18,354 t),99,210 100,488,150

2000 3800 17,994 1570 1 4.3 365 0,5b8,175 98,522,625

3900 17,934 0,545,910 98,188,650

4 3300 22,882 4,759,45b 71,391,840

4500 3800 22,120 1914 9.2 208 4,600,960 69,014,400

3900 21,991 4,574,128 68,611,920

3300 16,507 I 12,050,110 180,751,650

1500 3800 16,232 '2409 3.3 730 11,849,360 177,740,400

3900 16,186 11,815,780 177,236,700

3300 21,645 7,900,425 118,506,375

3500 3800 21,034 2665 7.3 365 7,677,410 115,161,150

3900 20,935J 7,641,275 114,619,125

aStatute miles.
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yearly costs, we obtain the trips per year that the airlines fly for MAC

(Col. 6) by dividing the same number of flying hours per year used in

the military model (Col. 4) by the block time for each type of trip.

Observe from Table 11 that utilization makes no sizeable differ-

ence in costs. Further, the impurtance of trip costs is quite star-

tling. The 1500-mile trip has fewer flying hours per year than the

3500-mile trip does, but it yields twice as many trips per year because

of the short block time of 3.3 hours. The costs are nearly half again

as high for the shorter trip.

The figures presented in Tables 10 and 11 show a striking contrast.

The airline costs are much higher than those for the military. Some of

the difference may be explained by lower military manpower costs stem-

ming from the draft. However, for reasons to be discussed below, the

costs are not comparable and cannot be used to assess the hard-core

constraint. It is important to note, nonetheless, that if they could

be compared, they would imply a negative cost for the hard-core con-

straint. To find an objection to keeping the constraint, the saving

from producing airlift in-house would have to be weighed against the

value of possible objectives of the commercial augmentation program,

such as the civilian reserve resources the program supports for use in

wartime.

LIMITATIONS ON THE USE OF COSTS TO ASSESS THE HARD-CORE CoNSTRINT

The previous subsection presented estimates of the costs of mili-

tary and airline operation of the C-5A, but did not compare them. We

*Block time is the interval it takes to go from the origin loading
ramp to the destination loading ramp. We do not discount these costs
because the discount factor is the same for the two cost streams we are
comparing. Since the costs are distributed uniformly over the period,
the present value of the cost stream is

A 1-5 1/(1 + i)n

where A is the cost per year. If i and the limits of the sum are the

same for both cost streams, the discount factor will be the same for
both, and the comparison is the same with or without discounting. The
rate of discount, i, measures the return of the resources used in these
projects in their next best alternative employments. Because the Govern-
ment project takes resources that would be used alternatively in the pri-
vate sector, its rate of discount is the same as that for industry.
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went through the exercise of computing these costs because it shows

where some of the pitfalls of such a project lie, and how further re-

search with cost models can help resolve the commercial augmentation

issue.

First, the amount that MAC pays for commercial lift depends on CAB

minimum prices. The minima are based on costs plus a 9-percent rate of

return on investment after taxes, but such amounts cannot be obtained

from the costs derived above. Some of the costs allowed by the CAB are

not included in the civilian model we used. For example, the model

considers only hull insurance in contrast to the CAB method of comput-

ing cost, which also incorporates liability and property damage insur-

ance. The CAB includes income taxes, the model does not. Further,

the parameters of the model do not depend on specific routes. The CAB

attempts to calculate costs that stem directly from MAC operations.

We emphasize this point to preclude improper use of these costs, al-

though at worst, the cost estimates are a lower bound.

More serious problems arise from using two different models for

the cost comparison. A clear solution to them appears at once; use

one model. There are, however, compelling reasons for using two models.

A neutral model that can cover both types of operations has not been

developed. Therefore, we use the hypothesis that each operation has

a different production function. This means that the equations that

make up the cost models of their operations have different functional

forms with different independent variables. For example, we expect

crew costs to be higher for the airlines since the military does not

secure its personnel competitively. Further, the equations for estL-

mating maintenance are likely to depend on different independent var-

Lables and have different functional forms. In normal parlance, sets

of equations that have such differences are considered separate models.

The biggest difficulty is differences in fit. If one model is

biased upward and the other is biased downward, the cost comparison

will show a large difference when, in fact, there is none. The set

of equations used t calculate MAC costs has not been tested against

actual costs. The RAC model was chosen because it gave the best fit

for aircraft for which data exist. Neither model has been matched

against C-5A data, of course, since the aircraft is still being tested.
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Differences in the level of completeness, partly a function of

generality, can also cause spurious contrasts. The model used to es-

timate the costs of MAC airlift is quite a bit more general than the

airline model because data on certain detailed activities are not avail-

able. For example, it does not distinguish whether the plane is used

for cargo or people. The airline model does make this distinction,

but the passenger cost equations are not shown in the Appendix be-

cause the model was run for an all-cargo operation. Thus all passenger

handling costs such as meals and reservations--costs to the military

as well as the airlines--are ignored.

It appears that one of the major differences stems from the fact

that the models do not measure costs in real terms, but in money terms.

The real cost of buying and operating a block of airplanes is measured

by the value of the product the economy gives up by devoting resources

to this particular job rather than something else. Money costs some-

times do not correspond to this latter measure. For example, when com-

paring the costs of military and civilian operation of fifty-seven C-5As,

one must consider that military manpower costs are lower than civilian

because the military secures manpower under the draft. Thus military

pay rates understate the cost to society of using resources in military

operations.

Even though these models probably represent the best that the state

of the art has to offer, they cannot generate costs that can compare

airline and MAC operations. We have noted some likely problems that

could make them incomparable. In addition there is evidence from the

costs they generate that the models are incommensurate. The models

imply vastly different trip costs that are invariant as flying hours

change. There are some costs that vary with trips no matter how many

hours the trip takes and some that vary with the number of flying
**

hours. The models imply very different trip costs.

I am indebted to D. F. Loveday for this point.

For the airline model, flying hours per year are generated by
multiplying block time by the number of trips per year.
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Figure 2 shows airline and military costs per trip plotted against

trip distance. A hypothetical relationship between the two variables

is obtained by drawing a line through the two distance-cost points that

reflect the same number of trips per year. The latter statistic is

shown in parentheses. The middle line in Fig. 2 includes a per-trip

allocation of the procurement costs. This was necessary because the

military operating costs do not include depreciation, but the airline

operating costs do. As flying hours decrease, keeping the number of

trips per year constant, military trip costs approach about $5.5 mil-

lion and airline trip costs approach $14 million. This discrepancy

raises the possibility that the airline model contains costs other than

marginal costs. Indeed, it does have many cost categories that are

merely allocations of overhead and therefore do not change as output

changes.

Even though the military and airline costs are not comparable, we

can quickly check the relevance of the airline costs to current MAC op-

erations by looking at the model's implied ton-mile costs relative to

CAB minimum prices now in effect. Table 12 shows that ton-mile costs

range from 7 to 10 cents. The latest CAB minimum price for round-trip

channel charters using regular turbojet or DC-8F-61 or -b3 aircraft is

7.06 cents per ton-mile. Since several airlines, for example Conti-

nental, have purchased aircraft for specific use in MAC operations,

there is reason to believe the minima cover total rather than only out-

of-pocket costs. This comparison suggests that the estimates of Table

II are high.

Besides operating costs, any comparison between military and ci-

vilian C-SA operations must take account of at least two more costs on

the airline side of the ledger. We have chosen to lock the airlines

into buying the C-SA, but none of the airlines have ordered that air-

plane. They have been looking at a civilian version of the aircraft,

but it is an entirely different aircraft. This suggests that the Mili-

tary Airlift Command would have to offer the airlines an inducement

U.S. Civil-Aeronautics Board, Regulations of the Civil Aeronau-
tics Board, U.S. Government Printing Office, Washington, D.C., I Novem-
ber 1963 (looseleaf updated through 1968), ER536, 1 July 1968.
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25

AIRLINE COST MODEL (28
(includes cost of airplanes)(35
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(355

MILITARY COST MODEL

plus cost of airplanes/

/(365)
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/(365) MILITARY COST MODEL

(withouJt cost of airplanes)

5A
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Trip distance (in thousands of statute miles)
NOTE: Figures in ()de~tn number of trips pet yeas.

Fig. 2 -- Fixed trip costs implied by the
airline and military cost models
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to buy the C-5A rather than an alternative like the Boeing 747 or the

civilian version of the C-5A if it wanted to buy the services of the

former plane from the airlines. Further, the airlines conceivably

could require a bonus to guarantee their services during contingencies.

Table 12

TON-MILE COSTS IMPLIED BY AIRLINE MODELa

Trip Ton-Miles Cost Per Trip $ Per
Distance Tons Per Trip ($) Ton-Mile

2000 110 220,000 17,995 0.0818
4500 55 247,500 22,120 0.0894
1500 110 165,000 16,232 0.0984
3500 82.5 1 288,750 21,034 0.0728

atilization is 3800 hours per year.

To generate some evidence on the first of these potential costs,

we have run the RAC model for the Boeing 747. As an interesting by-

product of this exercise, we see some more of the built-in assumptions

of the model. Table 13 shows that the model computes a higher direct

operating cost for the C-hA than the 747 for all three utilization as-

sumptions. Indirect costs are lower for the 747 for 2000-mile and

1500-mile trips but not for the other two trips. The reason is that,

at 3500 and 4500 miles, the 747 carries a larger payload than the C-5A.

Cargo handling and freight expenses depend on payload and so are higher.

Further, the indirect cost category "ground property and equipment" de-

pends on direct maintenance labor costs. Because maintenance costs de-

pend on airframe and engine weight, and the engine thrust, all 747 main-

tenance costs are higher because it weighs more and has larger engine

thrust. The cost differences the model estimates are rather small and

probably insignificant. The model does not present a clear choice be-

tween these two airplanes because their physical characteristics are

so similar.

As far as guaranteed service during contingencies is concerned,

the military already has a contract with the airlines covering this

situation in the form of the provisions for CRAF contained in every
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Table 13

COMPARISON OF AIRLINE OPERATING COSTS: LOCKHEED C-5A AND BOEING 747 FREIGHTER
(Dollars per Trip)

Statute Miles

Operating - 2000 4500 1500 3500

Cost 747 C-5A 747 C-5A 747 C-5A 747 1 C-5A [

Utilization = 3300 hours per year

Direct 7,380 7,739 15,265 15,763 5,716 6,034 12,344 12,77
Indirect 12,808 13,424 12,736 10,279 12,000 12,580 13,954 12,465

Total 20,189 21,163 28,001 26,043 17,716 18,614 26,298 25,242

Utilization = 3800 hours per year

Direct fi7,0801 7,385 14,628 15,011 5,489 5,763111,834 12,174
Indirect 12,804 13,419 12,727 10,269 11,997 12,576 13,947 12,457

Total 19,885 20,804 27,355 25,280 17,485 18,339 25,781 24,631

Utilization = 3900 hours per year

Direct 07,0301 7,324 14,520 14,883 5,449 5,717111,747 12,076
Indirect 12,804 13,418 12,726 10,268 11,996 12,575 13,946 12,456

Total 19,833 20,743 27,246 25,151 17,446 18,293 25.694 24.532

NOTE: The distinction between direct and indirect costs rests on costs
that stem from operating the airplane and those that stem from processing
cargo and/or passengers.

Components may not add to total due to rounding.
The total costs shown here are larger than those of Table 11

because the former include advertising expenditures and commissions that
are a part of regular airline operations but not of MAC charter flights.

commercial augmentation contract. In addition, the military has been

able to secure the services of the airlines during the Vietnam buildup

at the CAB minimum prices and at sufficiently fast response times and

quantities that it has not felt called upon to activate CRAF. For

larger conflicts, the military will probably commandeer the airline

fleet.
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VI. HOW TO FORMULATE THE DESIRED SIZE OF COMMERCIAL AUGMENTATION

SUMMARY

This Memorandum has discussed some of the issues relevant to de-

ciding on the desired level of commercial augmentation with the hope

of clearing up the confusion between technological constraints and pre-

ferences that has obscured previous discussions. This program is and

has been important to both the airlines and the military. In recent

years the airlines have carried most of the passengers on channel routes

and a sizeable portion of the cargo as well. Some airlines, such as

the all-cargo carriers and supplementals, have depended on military

contracts for over 50 percent of their revenue. Other, less dependent

airlines, have found such contracts profitable enough to seek their

increase.

The discussions of the program have skirted a fundamental issue:

What is the Government trying to accomplish with commerical augmenta-

tion and what constraints limit the program. The study has focused on

cost minimization for a given amount of airlift as the criterion for

choosing among alternative ways of providing air transportation to the

Services. From among the various constraints on the program, we looked

at the one that limits the airlines to "civil eligible requirements."

The evidence available suggests that this constraint is based on pre-

ferences rather than on actual physical limitation on the type of ser-

vices the airlines can perform. This makes it important to look at

the cost of the present division of effort between MAC and the airlines.

Once appraised of its cost, the agencies that make decisions about com-

mercial augmentation will have an idea of how much their subjective

valuation of the constraint should be to warrant keeping it. Although

models among the best that research has provided are used, they turn

out to be incommensurate and cannot provide an assessment of the cost

of the civil eligible constraint.

Nothing here says that the level of commercial augmentation will

or should be determined solely on costs. We do point out that, since

not everyone can impose even a few of his preferences on the program,

one way to evaluate conflicting expressions of preference is to rank
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them by their consequences with respect to cost. The military has pri-

mary responsibility over operations in the combat environment. There-

fore, they will ask that commercial enterprises not operate there.

They feel that any increase in costs, if indeed there are any, is off-

set by being able to have close control over what is, after all, a mil-

itary action.

SUGGESTIONS FOR FUTURE RESEARCH

It would be interesting to test the hypothesis that military and

civilian air transport operations have different production functions

because if they do, this implies that one should develop two models.

Our research has produced some notions of the pitfalls to avoid in de-

signing models that are comparable and do measure differences in mili-

tary and civilian air transport operations. Several points should be

considered to avoid spurious contrasts. First, both models should be

tested against the data to determine any biases. Second, both should

be on the same level of generality to ensure to some extent that they

include all of the relevant costs. Third, the models should reflect

only marginal costs. Allocating costs such as administrative expenses

to vArious operations puts elements of cost into the model that do not

vary with output. Fourth, models that depend on physical characteris-

tics of the airplanes rather than on other operational aspects to be

costed, such as the route, are limited in the differences they can

measure.

Research into the construction of a neutral model, one that meas-

ures the costs of both operations, may also be fruitful if evidence

shows that institutional factors such as the draft are more important

in explaining differences between the two kinds of operations than

technological factors such as different production functions. This

kind of a model would be constructed so that Lite functional forms of

the equations would be the same for both operaLtions but the inputs

would differ. The costs for both operations should be measured by the

value of the product the resources could produce in their most valuable

alternative employment because the choice of producing airlift in-house

or with civilian contractors should be based on the cost to society of

using the resources.
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Although the Air Force has or is in the process of acquiring data

on the cargo characteristics of the shipments it makes, no data exist

on a time series basis. We believe that the value of such data in

further studies of commercial augmentation and other areas, such as

planning for air terminals and cargo handling equipment, will greatly

outweigh the cost of collecting them.

Some consideration should be given in future studies to the goals

of the commercial augmentation program. How do these goals fit in with

higher level objectives of the military such as the promotion of nation-

al defense? r: they conflict with other goals such as the desire to

maintain military resources with the capability to surge? They are

certainly essential to any evaluation of programs such as CRAF that

are subsidiary to commercial augmentation. Suppose the objective of

the program is to produce a certain amount and type of transport ca-

pacity, for use in emergencies through the mechaniLm of CRAF, that would

not be available without commercial augmentation. Then this capacity

should be explicitly included in JCS planned "requirements," and the

commercial augmentation program should include incentives to the air-

lines to allocate the desired type and number of aircraft to CRAF.

When comparative cost data are available, this goal can be evaluated.

It may be cheaper to have such reserve capacity owned by the military.

In the absence of evidence about an optimal division of effort be-

tween the military and civilian air carriers, there is no basis for

changing the present allocation. Statements about the comparative

costs of military versus private enterprise sometimes assume that ci-

vilians can produce things more cheaply. The costs we generated have

not verified this; of course, they do not support the opposite hypoth-

esis either. Before a definitive statement can be made about the level

of commercial augmentation, the data and theory called for must be ac-

quired. Without these data and without a theoretical basis for compar-

ing the cost of alternative ways of furnishing military airlift, defi-

nitive analysis of the desired level of commercial augmentation must

be limited to setting forth a framework and making recommendations for

future research.

-A
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Appendix

THE COST MODELS AND W)DFL INPUTS

tf
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Table 1

AIRLINE OPERATING COST MODEL
($ per trip)

Direct Operating Costs

I. Flight-crew expense = $245 Tb

2. Fuel and oil = Fb(1.2)/6. 7 + .13[(7.50)Ne T b1/8.1

3. Maintenance 4 4
Airframe labor = W [T b(1.4593/104) + 2.898/104J

Airframe material = W e[Tb (1.1812/10 ) + 2.9613/10 4J

Engine labor " 14 T4 N .[(.6684 T + 1122)/1031
q e b

Engine material = W T N [(10.144 T + 2.126)/106
q e b 6/0

4. Maintenance burden = .671 (total direct maintenance)

5. Depreciation expense - [Ct + .10(c t - Ne C e) + .30 C N e/15 + trips/year

6. Insurance expense - [.02 C t/U]T b

Indirect Operating Costs

1. Ground property and equipment - .683 (aircraft direct maintenance labor)
2. Aircraft servicing = .00194 (maximum takeoff gross weight)
3. Aircraft control - 65.00
4. Baggage and cargo handling - 71.25 (tons of mail, express, and freight)
5. Freight expense - .012 (ton-miles)
6. General and administrative = .064 (direct operating cost minus

depreciation plus indirect operating

cost equations 1-5)

tInputs are as follows:
Tb  block time

Fb 0 block fuel

N - number of enginese

W - operating weight empty minus engine weight
e

W q dry weight of one engineq
T - engine thrust

Ct  cost of complete airplane including development

C -cost of complete engine

U -utilization
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Table 2

INPUTS TO AIRLINE OPERATING COST MODEL

Inputs 747F C5-A

Tb (hours)
2000a  4 4.3
4500 8.5 9.2
L500 3.05 3.3
3500 6.8 7.3

Fb (pounds)
2000a  97,000 98,000
4500 206,000 188,000
1500 74,000 76,000
3500 168,000 160,000

N 4 4
e
W (pounds) 303,395 295,864
e

W (pounds) 8,510 7,010q
T (pounds) 45,000 41,1OO

Ct (0 mLilLon) 19.7 2L.432

C (dollars) 800,000 1,128,000e

U 3300, 3800, 3900 3300, 3800, 3900

Payload (pounds)
2000a  207,565 220,000
4500 146,400 110,000
1500 207,565 220,000
3500 186,400 165,000

Max gross take-off
welght (pounds) 733,000 728,000

SOURCES: C-5A Operational PlannLns, Lockheed-Georgia
Company, MarLetta, GeorgLa, MER 400, July 1967; BoeingZ747
General DescrkitLon, The Boeing Company, ComuercLal ALr-
plane DLvLsLon, Everett Branch, Renton, Washington, D6-13915R,
AprLl 1968; AvLatLon Week and Space Technoloay, Vol. 87, No.
21, November 20, 1967.

aStatute miles.



-52-

Table 3

C-5A AIRLINE OPERATING COSTS: RAC COST MODEL
($ per trip)

Statute Miles

Cost Catt'gor 2000 i4500 1500 3500

Direct Operating Cost

Flight crew expense 1,053.50 2,254.00 808.50 1,788.50
Fuel and oil expense 1,757.29 3,371.59 1,302.78 2,869.19
M-wintenance expense 1,341.72 2,631.13 I ,078.59 2.131 .15
Maintenance lxrden 900.29 1,765.49 723.73 1,430.00
Dep rectat ion expense
Utilization = 3300 2,128.00 4,546.00 1,632.00 3,610.00

- 3800 1,847.00 3,951.00 1,417.00 3,132.00
- 3900 1,799.00 3,850.00 1,381.00 3,055.00

Insurance expense
Utilization - 3300 558.53 1,194.99 428.64 948.20

- 1800 485.04 1,037.76 372.24 823.44
- 3900 472.61 1,011.17 362.70 802.34

Total
Utilization - 3300 7,739.33 15,763.20 6,034.24 12,777.04

- 3800 7,384.84 15,010.97 5,762.84 12,174.28
- 3900 7,324.41 14,883.38 5,717.30 12,076.

18

Indirect Operating Cost

Ground property and equipment 323.85 620.25 263.36 505.31
Aircraft servicing 1,412.32 1,412.32 1,412.32 1,412.32
Aircraft control 65.00 65.00 65.00 65.00
Baggage and cargo handling 7,837.50 3,918.75 7,837.50 5,878.13
Freight expense 2,640.00 2,970.00 1,980.00 3,465.00
General and adininstrativea

Utilization - 3300 976.00 1,102.95 894.75 1,007.41
- 3800 971.30 1,092.88 891.14 999.43
- 3900 970.50 1,091.18 890.53 998.08

General and administrativeh
Utilization - 3300 1,144.96 1,293.03 1,021.47 1,229.17

- 3800 1,140.26 1,282.96 1,017.86 1,221.19
- 3900 1,139.46 1,281.26 1,017.25 1,219.84

Total indirect operating costa
Utilization = 3300 10,614.67 7,119.27 10,472.93 8,868.17

- 3800 10,609.97 7,109.20 10,469.32 8,860.19
- 3900 10,609.17 7,107.50 10,468.71 8,858.84

Total indirect operating costb
Utilization - 3300 13,423.63 10,279.35 12,579.65 12,4(14.93

- 3800 13,418.93 10,269.28 12,576.04 12,456,95
- 3900 13,418.13 10,267.58 12,575.43 12,455.60

Grand Total

Total a

Utilization - 3300 18,354.00 22,882.47 16,507.17 21,640,21
- 3800 17,994.81 22,120.17 16,232.16 21,034,47

Total - 3900 17,93.58 21,990.88 16186.01 2(1,935.02

Utilization - 3300 21,162.96 26,04?.55 18.6(13.89 25,241.97
- 3800 20,803.77 25,280.2S 18,318.88 24,631.24
- 3900 20,742.54 25,150.9t, 18,292.73 24,S31.78

NOTE: Airline costs of the C-SA in MAC operattons do not include frei ght
expenses because these cover advertising and ctwamissions that do not applN to
MAC charters.

'Without treight expense.
hwith freight expense.

44
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Table 4

747 AIRLINE OPERATING COSTS: RAC COST MODEL
( per trip)

Cost Catgory IIStatute Miles 30

Cost tegory 2000 4500 1500 3500
Direct Operating Cost

Flight crew expense 980.00 2,082.50 747.25 1,666.00
Fuel and oil expense 1,739.00 3,693.64 1,326.84 3,012.23
Maintenance expense 1,425.40 2,779.41 1,139.55 2,267.89
Maintenance burden 956.43 1,864.98 764.64 1,521.75
Depreciation expense
Utilization - 3300 1,802.00 3,830.00 1,374.00 3,064.00

- 3800 1,565.00 3,326.00 1,194.00 2,661.00
- 3900 1,525.00 3,241.00 1,163.00 2,593.00

Insurance expense
Utilization - 3300 477.56 1,014.82 364.14 811.85

- 3800 414.72 881.28 3L6.22 705.02
- 3900 404.12 858.76 308.14 687.00

Total
Utilization - 3300 7,380.39 15,265.35 5,716.42 12,343.72

- 3800 7,080.55 14,627.81 5,488.50 11,833.89
- 3900 7,029.95 14,520.29 5,449.42 11,747.87

Indirect Operating Cost

Ground property and equipment 329.98 626.92 267.30 514.74
Aircraft servicing 1,422.00 1,422.00 1,422.00 1,422.00
Aircraft control 65.00 65.00 65.00 65.00
Baggage and cargo handling 7,394.50 5,215.50 7,394.50 6,640.50
Freight expense 2,490.78 3,952.80 1,868.09 3,914.40
General and administrative
Utilization - 3300 1,105.96 1,453.92 983.00 1,397.53

- 3800 1,101.94 1,445.38 979.93 1,390.69
- 3900 1,1O.26 1,443.94 979.41 1,389.54

Total
Utilization - 3300 12,808.22 12,736.14 11,999.89 13,954.17

- 3800 12,804.20 12,727.60 11,996.82 13,947.33
a 3900 12,803.52 12,726.16 1l,996.30 13,946.18

Grand Total

Utilization- 3300 20,188.61 28,001.49 17,716.31 26,297.89
- 3800 19,884.75 27,355.41 17,485.32 25,781.22
- 3900 19,833.47 127 246.45 117,445.72 25,694.05
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Table 5

RAND COST MODELa

(In $ thousand)
Cost Category Equt i.n Soutce Remarks

Modificat ion and recurring AGE cost V - A I(A2 + A3)(0l) (I)

Petroleum, Oil. and Lubricants P - A 3A 2 (.342) (1)

Depot maintenance D . A.3A2 (.313) (1)

Annual replacement spares F 'A2A2 (.208) (1)

Operational Personnel pet air .raft ~'- A 4(6)(1-057) (2) Six crew isember.

(3) Crew overhead factor of 1.057; thin
equAa authorized squadron strength

(4) minus UK Aircraft per squadron time
crew mwabers time crew ratio. all
divided by lii at ... At per squadron
itma crew ratio time crew mmberts.

Maintenance personnel par aircraft N - [24(1.06) A31'i008 (5) 24 maintenance man-hours por fly hr.

(6) 1.06 maintenanc overhead factor.
(5) 1008 annual direct labor hours of a

maintenanre worker.

Administrative personnel pet aircraft 5 - . 17(f) + M + 11) Not, b, s.orce 7 17% is based on Dover API manning.
It members in Aerial port squadron
per Aircraft, tht number ro-e fro.
strengths at Dover and Charleaton.
Squadron personnel are assumed a
function of number of assigned air-
craft rather than flying hours..

Support personnel per aircraft S - .3)(5 +40 + M + Ii) Dover 6 Charleston

Nonrated officers per Aircraft C - .9(.OIM + .15B + .05S + .22) Charleston, Dover, .22 Awn per aircraft: Aerial port
& Travis squadron.

Nrated enlisted personnel per acft K - (.73M4 + .61B + .61S + 5.14) Charleston, Dover, 6.14 mn per aircraft: aerial port
4 Travis squadron.

Rated officers por aircraft G - .5(0) + (.1/.9) C (3)

Enlisted crew mmbers per aircraft Ht - .50 (3)

Civilian* per aircraft I - .26M4+ .249 + .34S 42.64 Charleston. Dover, 2.64. men per aircraft: aerial port
Al Travis squa,-ton. No retiremnt allowed for

tivilian personnel. This is smll
.ompaw.d with mititary fringe
benef its.

Nonrated officers b - C A2
Nonrated enlisted personnel c ' E A2
Rated officers d - G A2
Rated enlisted personnel e - It A2
Civilian strength f - I A2
Nonrated officer cost J2 - 10.809(b)(1.25) (6) J-N contains additional 257. for

retiremnt and fringe benefifs.
Rated officer cost K - 13.254(d)(1.25) (6)

Nonrated enlisted personnel cost L - 4.817(c)(1.25) (6)

Rated enlisted personnel cost N -5.U2 (t) (1. 25) (6)

Civilian ront Q - 8.117(f) (6)

Total military Personnel I - b 4 c + d + e

Vehicle and other base mint equip T - .2351 (a)

Noemeopon system op. and mint Uf - 1.2500' (8)
Total personnel rant Y -J +K +L+ N+ Q

Total Annual operating cost a * V + P + D + F + Y + T' + U

Total operations personnel R (04 + 1) A2This step puts aeria port squadron
A2  personnel with operational personnel.

Total swintenanco personnel It - M A2
Total administrative personnel 3- 5 A 2
Total support personnel 6- S A2
Total ann operating cost per fy hr I .aA 3

5013(1: (I) Pq USAF. Director's Budget. Coat Divisfon.

(2) ffltrcalt/Missilt Characteristics Summary, Air Force Guide, Number One (blark Book). October 1967.
(3) P 1 7-, USVPorm apwr and Ormanisation. Vol. 1, Regular Forces, Narch 1968.
(4) 1C 70.2. UMA prooram. April 1966.
(5) USAF, N 

2
6-3, Criteria and Standards. 26-3M N~ission squipment Maintenance..' 31 March 1961.

(6) Unapublisbed RAND study.
(7) Dover. Charleston. And Travis Air Prorte Ronme manning figures..
(I) Air Porce Deputy Chief of Staff, programming and Operations. Directorare of Studies and Analysis, S"LTIR.

Comeastaivt Analysis of F-12 and P-1ll Aircraft in the Intercentor P-oe Vol. 1. ArKSA-12-660950, 6 June, 1966.

Iwfs A mat.average yot

A 2 * numer of IS aircraft (operationally available aircraft)
A) - arsr.al flying bouts per UfK aircraft

A4,, crew rafti,

AS comand support aircraft (not operationally &vatltable- -resterven and attrition)

'Captain Verb Grewls developed the Nadel.
boein@ baed" em beer and Charleston as typical bases. Travis is excluded when it seemed that its figures might dietort.

Travias ano ,m-arral Ias~ -$I-e %-Alh-r-nre, a *eit We~on has extra actiitie.



Table 6

C-5A MILITARY OPERATING COSTS: RAND COST MODEL

(In 4 thousand/year for 47 UE aircraft)

Item Case 1 Case 2 Case 3 Case 4

Costs

odification and common AGE 10,602.000 10,602.000 10,602.000 10,602.000
POL 25,236.180 30,765.636 38,722.266 42,837.210
Depot maintenance 23,096.270 28,156.854 35,438.799 39,204.815
Replenishment spares 15,348.320 18,711.264 23,550.384 26,053.040
Veh and other base main eqp 911.096 1,079.957 1,323.277 1,449.054
Other support 4,846.254 55,744.454 7,038.706 7,707.733
Pay and allowances 39,281.845 46,656.991 57,286.001 62,780.034
Total annual operating cost 119,321.965 141,717.156 173,961.433 190,633.886
Cost per flying hour 1.617 1.575 1.536 1.522

Personnel Data (Quantity)

Nonrated officers 157 184 224 245
Nonrated enlisted 1,841 3,341 4,061 4,433
Rated officers 448 545 685 758
Rated enlisted 431 525 660 730
Civilians 1,166 1,375 1,675 1,830
Operations 1,378 1,566 1,837 1,978
Maintenance 1,862 2,270 2,858 3,161
Administrative 551 652 798 874
Support 1 ,2511 1,4811 1,813 1 ,984

Inputs to Model

flyaway cost of C-SA (1) 18,600,000 18,600,000 18,600,000 18,600,000
&Nuber of US aircraft 47 47 47 47

Flying hours per year 1,570 1,914 2,409 2,665
Crew ratio 2.89 3.52 4.43 4.90
Coinand support aircraft to 10 to 10

SOURCZ: Unpublished RAND documents.
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