
LBS Research Online

Michael Staunton
Pricing of airline assets and their valuation by securities market
Thesis

This version is available in the LBS Research Online repository: https://lbsresearch.london.edu/
id/eprint/2434/

Staunton, Michael

(1992)

Pricing of airline assets and their valuation by securities market.

Doctoral thesis, University of London: London Business School.

DOI: https://doi.org/10.35065/ISEP4461

Users may download and/or print one copy of any article(s) in LBS Research Online for purposes of
research and/or private study. Further distribution of the material, or use for any commercial gain, is
not permitted.

https://lbsresearch.london.edu/view/lbs_authors/614152.html
https://lbsresearch.london.edu/id/eprint/2434/
https://lbsresearch.london.edu/id/eprint/2434/
https://lbsresearch.london.edu/view/lbs_authors/614152.html
https://doi.org/10.35065/ISEP4461


PRICING OF AIRLINE ASSETS 
AND THEIR VALUATION 

BY SECURITIES MARKETS 

Michael Douglas Staunton 

Submitted in partial fulfilment of 
the requirement for the degree 

of Doctor of Philosophy 

London Business School 

1992 

1 



Acknowledgments 

No praise is too high for my supervisor, Dick Brealey, so I won't attempt to try. Just to 
say that he is the perfect supervisor, always eager to help me along the path of 
knowledge with wisdom, suggestions (helpful and otherwise) and, above all, his time. 

Others at LBS have also been important in trusting me with teaching and other valuable 
projects. In particular I would like to sincerely thank Mary Jackson, Elroy Dimson and 
Paul Marsh (without whom my time at LBS would have been far less rewarding). 

There are too many PhD and other LBS students to mention individually, but especial 
thanks to Lynn Phillips, Cecilia Reyes and John Wilford for their friendship and patience. 

Many people helped me in the early stages of my thesis, both by providing data and 
arranging for me to meet and learn more about the US airline industry and aircraft 
manufacturers. Particular thanks to John Trevett from Avmark, Richard Goatman and 
Graham Trevarthen from Rolls-Royce, Dick Stack from Boeing and Frank Spencer from 
Northwestern University for being so generous with their time. Finally my appreciation 
to the staff of Northwestern's Transportation Library - both for helping me and also for 
maintaining such a valuable treasure trove of archive material. 

2 



Abstract 
This thesis examines the US airline industry, from a model of aircraft values, using a 
nearly comprehensive set of transaction prices covering the years from 1970 to 1986. 

My aim is to ascertain the scale and pattern of capitalised economic rents over time, by 
constructing market value balance sheets for all of the main US airlines. 

The aircraft values are estimated using the Box-Cox transformation (with price, aircraft 
age and date of trade each transformed) followed by a non-linear least squares 
optimisation. 

I find that the cross-sectional age effect for aircraft is accelerated compared to the 
straight-line depreciation normally used in airline accounts. This highlights the bias that 
can occur in a regulated industry with allowed returns based on accounting numbers 
alone. 

I derive asset cash flow profiles and find that the net expected cash flow for a 
representative aircraft decreases with age, and that the reduction in cash flow for a typical 
used aircraft is broadly equivalent to the increased level of maintenance costs. 

I go on to discover that major aircraft fleets have relatively low annual variabilities, and 
consequently estimated betas that are insignificantly different from zero. 

The capitalised economic rents, both for the airline industry as a whole and for individual 
airlines, are large but predominantly negative, with the -most important influence being 
fuel costs. 

Positive rents for individual airlines are exceptional and even then are very difficult to 
sustain. Individual airlines, when judged by patterns of scaled rents, are far more alike 
than different. 

The persistence of negative rents remains a puzzle that has similarities with the discounts 
to net asset value seen in investment trust share prices. However my finding that airlines 
tend to be acquired at close to fair value suggests that outsiders would be unlikely to 
succeed in capturing the hidden value. Nevertheless it remains a mystery why airline 
managers have continued to make substantial additions to their fleets in assets with a 
negative present value. 

Detailed annual profiles of aircraft types by airline, and major airline fleets by aircraft 
type are also given. 
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CHAPTER I 

Introduction and Framework for Thesis 

1.1 Motivation 

This thesis examines the relationship between the market value of the debt and equity of 

airlines on the one hand and the value of the aircraft and other assets they own on the 

other hand. 

I interpret this difference as a measure of the capitalised abnormal profits or rents 

that a company is expected to earn on its assets. 

There are a number of studies of the relationship between securities of financial 

institutions and the net asset value of these institutions. In particular it is well documented 

that for investment trusts (known as closed-end funds in the US) the share price is 

typically less than the net asset value, suggesting that capitalised rents are negative. 

However there has been no attempt to see whether a similar phenomenon characterises 

non-financial companies. I will show that, at least for airlines, it does. My estimated 

capitalised rents are Predominantly negative. 
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1.2 Description of Data 

The data consist of prices for 3,404 aircraft trades between January 1970 and December 

1986 with a total value of over $39 billion. The prices include both new and used aircraft 

and cover about 80% of all US airline transactions during the period. 

While the sample prices are comprehensive, trading is very thin by comparison 

with equities (on average there are about 50 aircraft trades per quarter) and trades for 

individual models are clustered (with aircraft bought new and then typically held for 10- 

15 years before resale). Whereas previous studies of asset valuation and economic 

depreciation used age-time matrices that were full, I have to utilise matrices for individual 

aircraft types that are sparse and with entries in clusters on only part of the leading 

diagonal. This leads me to choose the Box-Cox flexible transformation for aircraft price 

(as the dependent variable) and for aircraft age and calendar time (independent variables) 

as part of a non-linear least squares approach. 

1.3 Comparison of Economic and Accounting Depreciation 

The valuation of assets of differing ages requires the estimation of a depreciation pattern 

for aircraft. This provides an opportunity to estimate true economic depreciation for a 

major item of industrial equipment. It also allows me to contrast it with accounting 

depreciation and discuss the biases that may arise when accounting depreciation is used 

in place of true economic depreciation. I also go on to derive empirical cash flow profiles 

that add to the predominantly theoretical nature of previous research regarding asset cash 

flows. 
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1.4 Sources of Risk in Airline Assets 

My data on aircraft prices also allows me to explore related issues such as identifying the 

sources of risk. Nearly all prevailing asset beta estimates are derived from ungearing 

equity betas. By looking at asset returns directly, I show that the betas of aircraft are 

much lower than the betas of the securities that have a claim on the aircraft. Moreover 

the majority of the variance in airline shares appears to arise from the variance in the 

capitalised rents rather than from the aircraft values. 

1.5 Developments in the Airline Industry 

The US airline industry has been the subject of much economic research both during 

regulation and following de-regulation in 1978. While my dissertation doesn't seek to 

replicate such work, it does allow me to cast new light on some aspects of the industry. 

For instance I find that airlines, when judged by their scaled capitalised rents, are more 

alike than different. I show that the significant out-performance by local airlines over 

trunk airlines, judged on accounting profits after de-regulation, disappears when 

allowance is made for fleet value changes. 
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CHAPrER 2 

Estimating Aircraft Economic Depreciation 

2.1 Introduction 

Economic depreciation is quoted in textbooks as the correct theoretical measure and yet 

there have been few attempts to estimate it for real assets. This chapter will concentrate 

on measuring the economic depreciation of new and used commercial jet aircraft since 

1970, and then go on to discuss the biases found when accounting depreciation overstates 

the true level of economic depreciation. 

The US airline business is capital intensive and, prior to 1978, had been regulated 

for the previous 40 years. Within such a regulated environment the correct measurement 

of depreciation is more important than otherwise, since here the accounting numbers were 

used to regulate the financial performance of the industry. 

I will look at the behaviour of economic depreciation over time, where economic 

depreciation is defined as the cross-sectional age effect on asset prices at a particular 

date. A comparison is also made between economic depreciation and the depreciation 

schedules used for tax and accounting purposes. 

Within the airline business asset book values form an important benchmark - 

16 



airlines can report windfall accounting profits when selling aircraft for more than 

depreciated historic cost, and are reluctant to sell aircraft for less than book value. 

Published information from aviation industry sources does not separate economic 

depreciation from asset price inflation. Boeing has released illustrations of used resale 

prices as a percentage of new delivery prices for three of its aircraft types up to 1988, 

with no adjustment for inflation. McDonnell Douglas has plotted the original new cost 

against deflated future used prices for each of 1,171 aircraft covering the period from 

1963 to 1984. 

There have been only a limited number of empirical studies about economic 

depreciation, and most have used consumer durables and assets with short expected lives. 

This research is the first to use market prices from a data source covering almost the 

whole population rather than a limited sample. 

However the scale and indivisibility of individual aircraft gives rise to the major 

complication. There are relatively few transactions of a particular type of aircraft and, 

at one time, the market for a type will tend to be banded within a narrow age range. 

Thus the majority of possible age-date combinations will lack observations. This chapter 

will use the Box-Cox power transformation to model simultaneously the cross-sectional 

(economic depreciation) and time-series (asset price inflation) properties of the price data. 

The final section of this chapter will compare the three different concepts of 

depreciation and then show how my estimated economic depreciation patterns can be used 

in conjunction with an inflation forecast to generate expected depreciation schedules over 

time. 
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2.2 Economic Depreciation 

The main limitation on measuring economic depreciation has been a lack of good-quality 

real asset prices. 

There have been only a limited number of empirical studies regarding economic 

depreciation and the question of whether assets decay at a constant exponential rate is still 

unresolved. Wykoff (1970) finds that, after the first year, used car prices do appear to 

decline exponentially. Hall (1971) rejects the null hypothesis of an exponential 

depreciation function for used pick-up trucks, though he added that it is a reasonable 

approximation for many purposes. Lee (1978) rejects an exponential depreciation pattern 

for four out of six classes of fishing boats though, for two of the rejected classes, an 

exponential form would have been accepted if the data for the oldest boats were to have 

been excluded. Hulten & Wykoff (1981) examined a sample of used building prices and 

found that the depreciation pattern is approximately geometric. 

Most studies have used consumer durables and assets with short expected lives, 

with the exception of Lee, and Hulten & Wykoff. A more serious concern is that (apart 

from Hulten & Wykoff) traded prices were not used, and instead most incorporated 

average prices collated from trade sources. Wykoff collected an average price each year 

for each of eight different vintages of the same car model. Lee used annual totals for the 

number of insured fishing boats and the values insured against total loss by age for each 

class. He then converted the average insured values per boat into average market 

valuations for insurance purposes, and used the latter as proxies for the observed prices. 

The exception is Hulten & Wykoff s data from the U. S. Treasury Office of industrial 

. -, onomics survey of 8,000 observations on 22 types of used buildings. The owner of a 
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building was asked when it was constructed, the date of acquisition, and the price paid. 

However, this is only a limited and not necessarily representative sample of all buildings. 
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2.3 Economic Depreciation and Hall's Model 

The notion of economic depreciation is ascribed to Hotelling (1925) and, in finance 

terms, can be viewed as the reduction in present value of an asset over time. The change 

in present value can be broken down into two distinct components: (1) an age effect and 

(2) a calendar time effect. For the purposes of this chapter, economic depreciation will 

be considered only as the cross-sectional age effect at a particular date, and separated 

from the rate of asset price inflation i. e. I will focus on the differences at a single 

, -. nl . endiar date of assets that vary in terms of their age. 

Theoret I ca I Asset Va I ues 
30 year ITfe, 9% Tnteresat rate 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 1 1 ' 1 1 1 011 21 14 11 611 812 0 
1357 9 Ill 13 15 17 is 

Aae CYn years) 
(3 detQrToratTon fn + cW%procitation fn 

F0 igure 2-1 Link between deterioration and depreciation 

At this stage it is important to distinguish between the different concepts of 

economic depreciation ("the loss in monetary value with age of an asset at a point in 

time") and physical depreciation or deterioration ("the decline in efficiency as capital ages 

over time"). The two concepts are linked though, since it is possible to start with a given 
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deterioration pattern and then derive an associated depreciation pattern. Figure 2-1 shows 

an asset with a 30 year life that deteriorates linearly by 2% each year, and thus a 20 year 

old asset is only 60 % as efficient as a new asset. Deterioration reduces the present value 

of the asset's future services, here using a discount rate of 8% per year. The depreciation 

function for an asset of age r is simply the ratio of the present value of future services 

(from time r to end of life) and the present value of the future services over the asset's 

whole life. The illustrated depreciation pattern declines faster than the deterioration 

function due to the discounting of the future services. ' 

Despite the conceptual differences, estimates of depreciation will include 

deterioration. Hall (1968) shows that the three independent effects of age, date and 

vintage (year of aircraft manufacture) cannot be separately estimated econometrically. For 

instance at time t, you need only select one of age or vintage and the variable not chosen 

will be uniquely identified - for instance, in 1978 aircraft of vintage 1964 will all have 

age 14 years. Hence my use of the age-date price matrix will yield an age effect which 

incorporates deterioration (loss of efficiency) and obsolescence (possible retirement), and 

a time effect which incorporates asset price inflation and quality change. The time effect 

will be the subject of the next chapter. 

Hall (1971) applied his model to measure quality change and thus to generate a 

quality corrected price index (as well as estimating quality and depreciation indexes). 

Lee's application aimed to generate a depreciation index (as well as estimating 

hypothetical new prices and an index of embodied technical change - "increasing 

efficiency for later vintages of capital"). The emphasis of both these studies was on 

I For an asset with a geometric deterioration function and an infinite life, the 
deterioration and depreciation functions will however be the same. 
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estimating a time-series index. 

The asset values used generated a complete matrix of price observations by asset 

age and time, and thus facilitated estimation using regression with dummy variables. The 

model is described in section 2.13. 
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2.4 Factors Affecting Aircraft Retirement 

The two main influences on the age effect can be separated into: (1) deterioration of 

current aircraft ("rust") and (2) possible introduction of new technology aircraft 

("obsolescence"). 

Unlike the introduction of jets in the late 1950s that led to the rapid exit of piston 

. rcraft, obsolescence has only been a minor factor in subsequent times. The lack of all- 

new types (apart from the B757 and B767) has meant that existing fleets have not been 

made economically obsolete by step changes in technology. Instead economic 

obsolescence has been progressive and only on a limited scale. In my sample of 1,890 

used trades, there were only 130 aircraft scrapped (excluding accidents). These consisted 

of 65 B707s (scrapped in 1980-83, aged from 22-24 years), 27 DC8s (scrapped in 1976- 

80, aged from 17-20 years), 17 B720s (scrapped between 1976-77, aged from 15-16 

years) and 21 other aircraft. 

In the 1970s most people expected that higher fuel prices, noise restrictions and 

newer engine technology would overtake types such as the B727, B737 and DC9 (all first 

produced in the 1960s) during the 1980s. But this has not happened. The subsequent 

decline in real fuel costs makes the older aircraft more competitive than efficient but 

more expensive new aircraft. Thus aircraft deterioration has become the more important 

influence on depreciation than obsolescence. 

Sobotka & Schnabel (1961) assumed that the introduction of turbine-engined 

aircraft would lead to the retirement of all piston aircraft from airline use after 1967. 

Spencer (1979) concludes that, prior to 1958 (and the introduction of the first turbojet 

aircraft), aircraft retirements were the result of progressive development of technically 
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and economically more efficient aircraft models. Age, he said, was not then and had not 

previously -been a factor in aircraft retirement decisions. 

Spencer went on to list several new factors in the 1970s encouraging aircraft 

retirement, including noise regulations and fuel efficiency. I will describe the background 

to each of these factors separately though, in practice, aircraft were mainly retired due 

to a combination of both noise regulations and fuel efficiency. 

The first stage in noise regulation began in November 1969 when the Federal 

Aviation Authority introduced FAR 36, but these regulations did not apply to aircraft 

already in service and it was not until October 1973 that the FAA applied the FAR 36 

regulations to most older-design aircraft to be manufactured from December 1973. In 

December 1976 the Department of Transportation stepped in, following increasing public 

concern, to order that all aircraft used by US airlines in domestic service would have to 

meet the FAR 36 standards by the beginning of January 1985. According to North (1977) 

in the mid 1970s only about 20% of the US airline fleet met these FAR 36 standards. In 

February 1977 the FAA established three noise level categories for aircraft : (1) Stage 

1, with noise levels exceeding those allowed by FAR 36 - already set for elimination or 

modifiýcation prior to 1985; (2) Stage 11, equivalent to FAR 36 standard; and (3) Stage 

111, with noise levels below those allowed by FAR 36, required only for new aircraft 

models certified after November 1977. By 1988 Avmark estimated that about 70% of the 

US fleet complied with Stage 11, with nearly all the remainder meeting the tougher Stage 

III standard. 

Retirement on fuel grounds was more likely to be caused by the two oil price 

shocks than by technological advances in fuel efficiency. There were indeed 

improvements in fuel consumption as aircraft engines progressed from turbojets (the 
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JT3C had a specific fuel consumption at maximum power of 0.82) through first 

generation turbofans (such as the JT8D with a consumption of 0.60) to second generation 

turbofans (such as the JT9D with a consumption of 0.36). But the progressive 

improvement in fuel consumption over the period was overshadowed by the magnitude 

of the two oil price shocks in the 1970s. Prior to 1973, according to Spencer, fuel costs 

accounted for 12 % of total aircraft operating costs, but by 1979 fuel costs were climbing 

towards 25 % of total operating costs. 

It is very difficult to disentangle the impacts of fuel cost and noise regulation on 

aircraft retirement since 1970, because those aircraft unable to meet the FAR 36 noise 

standard by 1985 were also the aircraft that were the most fuel inefficient in the US fleet. 

Chronologically the first oil price shock took place in 1973, leading to the phasing-out 

of the earliest turbojets by some of the trunk airlines from 1975 onwards. The FAR 36 

deadline (of 1985) was imposed in 1977, followed by the second oil price shock in 1979. 

The impact of the noise regulations on aircraft retirement was, apart from the fitting of 

hushkits to a couple of aircraft types, more absolute than that of fuel costs - since in the 

latter case inefficient aircraft might survive by transfer from a trunk airline to an owner 

with a different flying mission. A small number of older aircraft remained in service with 

a change in engines - between 1982 and 1985 Cammacorp re-engined over 100 DC8s 

with the latest generation of fuel efficient engines (complying also with Stage IR noise 

standards). 

Age, per se, has never been an important factor in aircraft retirement as the 

following example given by Spencer illustrates. He describes the Boeing 707 type 

2 Though one might argue that it was also possible for aircraft failing the noise 
regulations to be sold outside the US. 
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introduced in 1958 with an expected life of 17 years (based on 50,000 flying hours and 

20,000 flights). After 30,000 flying hours a relatively substantial re-work programme on 

the airframe increased the expected flying hours to 60,000, equivalent to a 20 year 

expected life. In 1975 additional airframe maintenance further increased the expected 

flying hours to 82,000, implying an expected life of at least 28 years. Escalating fuel 

costs led to the retirement from trunk airlines of the very earliest non-fan B707s in the 

late 1970s, but turbofan. B707s have remained well into the 1980s (albeit fitted with 

hushldts to comply with the Stage II noise regulations). The effects of deterioration due 

to advancing age can be overcome by repairs and modifications to the airframe - for 

instance, over time the engines of a aircraft undergo almost a complete replacement of 

component parts. 

In February 1987 Boeing published figures showing that the average age of the 

world airline fleet had risen from under 5 years in 1970 to 11.1 years in December 1986. 

Over the same time period the age of aircraft at the time of their retirement had increased 

-C-- - from 5 to 20 years, with Boeing forecasting a continued increase in the retirement age 

to 27 years by the year 2000. 

In May 1989 Boeing revealed that, in all, nearly 600 Boeing jets were still flying 

despite having reached the 20-year life for which they were originally designed. These 

included 435 B727s and 123 B707s. 
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2.5 Data 

The main source of the traded prices is the Civil Aeronautics Board 3 (hereafter CAB) 

Form 41, for the period from January 1970 to December 1986, required to be submitted 

quarterly by United States certified airlines and detailing the acquisition and disposal of 

aircraft. The available data covers almost the whole population of U. S. airline aircraft 

trades (both new and used) rather than a limited sample. The use of this data does 

nonetheless impose restrictions on the methodology that can be used. 

The U. S. airlines, taken as a whole, owned or operated 44% (3,449 aircraft) of 

all world jets in December 1986, compared to 60 % (2,080 aircraft) in January 1970. The 

median age of their aircraft was 12 years, and nine per cent of the fleet was over 20 

years old. 

The CAB Form 41 provides, among other things, details on price, buyer, seller, 

aircraft model and quarter in which the transaction took place. Two additional reference 

sources (Avmark's Commercial Aircraft Fleet -A Complete History, and Aviation Data 

Centre's Airliner Production List) were used to confirm the initial data and also to 

provide additional information on aircraft age, aircraft serial number, transaction month 

and any unusual aspects of the trade. 

The available prices cover a large proportion of the aircraft trades during the 17 

year period of my study. There are 1,890 prices for used aircraft (estimated to represent 

about 85 % of all used U. S. transactions) and 1,514 prices for new aircraft (representing 

71 % of all new U. S. deliveries). 

3Following the sunset of the CAB at the end of 1984, responsibility for collecting 
the data was transferred to the US Department of Transportation, Research and Special 
programs Administration. 
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Expensive capital assets tend to have long holding periods and aircraft are no 

exception. The following description refers to my chosen universe of large U. S. airlines 

and their jet fleets. A typical new aircraft delivered to a major airline is retained for 10- 

15 years, and then sold to a smaller, non-U. S. airline. 

All but a small percentage of major-airline aircraft belong to one of 14 types (such 

as B747) and one of 30 different models (such as B727-200). Within a single qW, a new 

model represents a derivative development, and normally this will mean a stretched body 

(greater passenger/freight capacity) or a different engine (improved fuel 

consumption/performance). 

Table 2-1 Sample prices by type and number 

Rank Type New Used All 

I B727 532 485 1017 
2 DC9 96 303 399 
3 B737 238 155 393 
4 B707 317 317 
5 DC8 235 235 
6 DCIO 133 65 198 
7 B747 100 91 191 
8 MD80 142 19 161 

9 L1011 95 36 131 
10 B720 128 128 
11 B757 67 67 

12 B767 62 62 

13 BACIII 56 56 

14 A300 49 49 

Total 1514 1890 3404 

The composition of the sample prices by type and number is given in Table 2-1, 

showing the B727 with the most observations (1,017) and with nine other types having 

more than 100 observations. There are four older types with no new prices and three 

newer types with no used prices. 
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Table 2-2 Sample shares by type and value 

Rank Type New Used All 

I B727 14.3% 5.5% 19.8% 
2 B747 8.4% 5.6% 14.0% 
3 B737 10.2% 2.4% 12.6% 
4 DCIO 7.8% 3.4% 11.2% 
5 MD80 7.8% 0.9% 8.7% 
6 LIOI 1 6.1% 1.8% 7.9% 
7 B767 6.2% 0.0% 6.2% 
8 B757 5.7% 0.0% 5.7% 
9 DC9 2.2% 3.3% 5.5% 
10 A300 4.0% 0.0% 4.0% 
11 B707 0.0% 2.1% 2.1% 
12 DC8 0.0% 1.7% 1.7% 
13 B720 0.0% 0.3% 0.3% 
14 BACM 0.0% 0.2% 0.2% 

Total 72.8% 27.2% 100.0% 
($28.5bn) ($10.6bn) ($39. lbn) 

The composition by value, Table 2-2, emphasises new aircraft observations and 

the longer-range aircraft types introduced in the early 1970s - the B747, DC 10 and L 10 11 

together account for 33.1 % by value compared to only 15.2 % by number. Conversely 

the relative importance of four of the earliest types (B707 and B720, BAC 1- 11 and DC 8) 

falls from 21.6 % by number to only 4.3 % by value. New aircraft transactions account 

for over 70% of the observations by value. 

The period chosen is from January 1970 to December 1986, allowing adequate 

comparison either side of the Airline Deregulation Act of 1978. Another reason for 

collecting data over such a long period is the relatively long interval between new aircraft 

transactions and the subsequent used trades. The selected period allows me to bridge this 

holding period for five of the six most important aircraft types by value. It is unusual for 

nearly-new aircraft to be traded, apart from the recent number of sale-and-leaseback 

transactions, and over 90% of the used trades involve aircraft aged between 5 and 20 
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Table 2-3 Sample used prices by age and vintage 

Age (years) Aircraft Share Vintage Number Share 

0.01 -4.99 141 7.5% Before 60 69 3.7% 
5.00-9.99 490 25.9% 1960-64 322 17.0% 
10.00 - 14.99 759 40.2% 1965-69 1,085 57.4% 
15.00 - 19.99 476 25.2% 1970-74 239 12.6% 
20 or Over 24 1.3% 1975-79 115 6.1% 

1980-84 60 3.2% 

Total 1,890 1,890 

years. Furthermore, nearly 80% of the used trades involve aircraft manufactured prior 

to 1970. Table 2-3 gives more details about the age and vintage composition of the used 

aircraft sample. 

Further information regarding the mean values of key variables for the aircraft 

price observations is given in Table 2-4. The mean age for all aircraft is 6.5 years, with 

individual type means ranging from 0.4 years (MD80) to 8.6 years (DC9). For used 

aircraft the mean age is 11.8 years, with type means from 3.6 years (MD80) to 13.5 

years (DC8). The mean new trade took place in mid 1979, with type means from late 

1974 (B747) to early 1985 (B757). 

The data contains no indication of the state of an individual aircraft when traded, 

such as flying hours or time to next major overhaul. Usage of aircraft of the same type 

will tend to be uniform though for example the daily utilisation of long-haul aircraft 

generally exceeds that of short-haul aircraft. 

Trade sources consider that condition can account for differences of up to 30% 

from the price expected for an average aircraft. However, used aircraft and their 

maintenance records are generally examined by the other party involved, and the agreed 

price will reflect the condition. Perry & Glyer (1990) incorporated a condition variable 

in their analysis of a sample of auction tractor prices, citing Krenz's (1985) survey 
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Table 2-4 Sample variable mean values : aircraft types 

Sample Age Price Birth Deal 
(Years) ($ W (Year) (Year) 

All 6.5 11.5 73.1 79.6 

All - MD80 0.4 21.2 84.5 84.9 
All - L1011 2.0 23.7 76.7 78.7 
All - DCIO 3.4 22.1 74.7 78.1 
All - B747 4.0 28.8 73.7 77.7 
All - B737 4.1 12.6 78.8 82.9 
All - B727 6.1 7.6 73.4 79.5 
All - DC9 8.6 5.3 70.8 79.4 

Now 0.0 18.8 79.5 79.5 

New -B747 0.0 33.0 74.7 74.7 
New - DCIO 0.0 23.1 75.1 75.1 
New - LIOI 1 0.0 25.3 76.8 76.8 
New -B727 0.0 10.6 77.5 77.5 
New - DC9 0.0 8.9 77.5 77.5 
New - A300 0.0 32.2 82.3 82.3 
New - B767 0.0 38.9 83.6 83.6 
New - B737 0.0 16.7 83.7 83.7 
New - MD80 0.0 21.5 84.8 84.8 
New - B757 0.0 33.4 85.2 85.2 

Used 11.8 5.6 67.9 79.7 

Used - MD80 3.6 18.5 82.3 85.9 
Used - L101 1 7.3 19.6 76.5 83.8 
Used - B747 8.4 24.1 72.5 80.9 
Used - BACI I1 10.2 1.3 66.1 76.2 

Used - B737 10.4 6.2 71.2 81.6 
Used - DCIO 10.5 20.2 73.9 84.4 

Used - DC9 11.4 4.2 68.6 80.0 

Used - B720 12.2 1.0 62.2 74.4 

Used - B707 12.6 2.6 65.0 77.6 

Used - B727 12.7 4.4 69.0 81.7 

Used - DC8 13.5 2.8 64.5 77.9 

showing that his auction-tractor subsample was significantly different. This potential 

difficulty should be lessened by the completeness of my sample prices. 
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2.6 Previous Approaches to Data Sparseness 

The sparseness of the data imposes a severe limitation on the method one can use to build 

a suitable model. Most of the familiar techniques require either more or better-structured 

data. 

The general assumption is that any missing observations will be missing in a 

systematic way. With time-series data, for instance, if an economic series is available 

quarterly and a related series is available annually then one can use the former series to 

interpolate between the annual data. Friedman (1962) shows the conditions under which 

the related series can be used to obtain a better fit than straight-line linear interpolation 

of the sparse series. 

With cross-sectional data, such as surveys, respondents may not answer all the 

questions. Conniffe (1985) derives maximum likelihood estimates where the completed 

data from the groups of respondents overlaps in a consistent way. He ends, however, by 

saying that matters are much less tractable if the patterns of missing values depart from 

hierarchical ones (i. e. each group can be ranked such that each group contains at least 

the same structure of observations as the sparser group below). His expectation is that 

non-hierarchical patterns should be relatively infrequent. 

Specialised time-series approaches to fit ARMA models also tend to require that 

the number of missing observations is small in relation to the total. For instance, 

Dunsmuir & Robinson (1981) illustrate their method with a series that has only 135 

missing observations from a possible 798 observations. Harvey & Pierse (1982) use a 

Kalman filter approach, which requires a sufficiently long run of observations (of the 

order of 50) at the end of the series to enable an ARMA model to be identified. 
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My prices are sufficiently sparse that none of the above approaches can be used. 

Another possible solution would be to adjust for thin trading, as done for share price data 

by Dimson & Marsh (1983). However, there is no readily available index (or even type 

of aircraft series that is dense enough) to allow such an adjustment. 

Therefore, given the unsuitability of the approaches described above, I have 

chosen the Box-Cox transformation to model simultaneously the age (economic 

depreciation) and time (asset price inflation) patterns from my data. This method can both 

aggregate information from related series and cope with the large number of missing 

observations. 
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2.7 Box-Cox Model 

Hulten & Wykoff (1981) were the first to use the Box-Cox power transformation to 

estimate economic depreciation. The motivation was that the geometric and straight line 

patterns of depreciation were both special cases of the Box-Cox model, and could 

therefore be discriminated between using standard hypothesis tests. 

Ignoring any dummy and other specific variables, the Box-Cox model can be 

written : 

Price(time, age)(10) = Po + Pl*ageo*') + P2*time 
(12) 

+e (2-1) 

and y(x) = (y' - 1) /X if X ý6 0 and y() = In y if X=0 represents the Box-Cox 

transformation. The original Box-Cox model generally referred to transformations of the 

dependent variable alone, and Savin & White (1978) coined the term "Box-Cox extended 

model" to include transformations of the independent variable(s), with the same X applied 

to both the dependent and independent variables. Therefore the model I have chosen is 

a Box-Cox extended model with different individual transformation parameters. 

My estimation process regresses transformed price on two major independent 

variables (transformed age and time), a dummy variable covering aircraft type or model, 

as well as additional dummy variables to capture bulk trades and other special 

transactions. The difference between model values for different aircraft types is derived 

from the differing estimates of flo in equation 2-1 ( that for a 400-seat Boeing 747 will 

be greater than that for a 90-seat DC9 ). The impact on aircraft value of this scalar 

difference in estimated flo depends on the estimated value of X0 - with X0 = 0, the value 

difference will be the scalar raised to the power e; with X0 = 1, the value will differ by 
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the scalar; with intermediate values, the impact will tend to be multiplicative! 

The unknown parameters X= (XOY XI 
ý 

X2) determine the functional form within 

the Box-Cox power family, whereas the unknown parameters 0= (flo, fll, fl) determine 

the intercept and slope(s) of the transformed model. 

The ability to distinguish between linear (XO = X, = 1) and geometric (XO = 0, X, = 1) 

patterns is of particular importance in the theory of physical depreciation and capital 

stock estimation. The geometric pattern corresponds to Jorgensen's geometric decay 

assumption while the linear pattern is more frequently used for accounting and tax 

purposes. 

4 This is what I typically found, and accords with industry graphs that seek to 

compare the prices of new aircraft of different sizes in terms of $000s per seat. 
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2.8 Methodology 

With the Box-Cox transformation, the functional form is dictated by the parameters, 

which are themselves estimated. Thus the estimation procedure itself chooses the 

transformations which best fit the data. In addition, likelihood ratio tests can be made on 

the estimated X values to determine if alternative functional forms are also consistent with 

the data. 

The estimation method is described in Spitzer (1982). 1 chose to use an OLS grid- 

search to obtain estimates of Box-Cox parameters, which were then used as starting 

values for the NILLS. Spitzer demonstrates that this approach gives the same parameter 

estimates and the same covariance matrix estimates as the full ML method. 

The first stage in handling the data was to dis-aggregate the significant proportion 

of bulk transactions that involved more than one aircraft of the same model, but which 

differed slightly by age. For this procedure I assumed that the depreciation function was 

locally linear. Next, transactions with special features (such as aircraft sold for scrap) 

were identified as a prelude to establishing a number of dummy variables. The final 

adjustment was to add 0.08 (equivalent to one month)' to both the transaction date and 

the aircraft age, since variables have to be strictly positive for the Box-Cox 

transformation to be well defined. 

The OLS grid search was carried out in three dimensions, where each of the X 

parameters was allowed initially to range between 0 and 1 in increments of 0.1, involving 

I Where necessary dates are transformed into numeric form. For instance I have 
taken aircraft trade prices to occur at the middle of each month, with Jan 70 = 70.00) 
Feb 70 = 70.08 ý.... Dec 70 = 70.92 and so on. Airline balance sheets are at quarter 
ends, thus Mar 70 = 70.21, Jun 70 = 70.46, Sep 70 = 70.71, Dec 70 = 70.96 and so 
on. 
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113 (= 1,331) regressions. Prior to the grid search, the aircraft prices were divided by 

the geometric mean of the data sample, a scaling trick originally suggested by Zarembka 

(1974). The grid search then minimises the residual sum of squares for the transformed 

regression. 

If the minimum residual sum of squares was found at an interior point of the X 

cube (e. g., XO=0.2, XI=0.9 andX2=0.8)9 I then halved the step size and repeated the 

grid search in the vicinity of the previous local optimum. 

Where, at any stage, the RSS local optimum was a point on one of the faces of 

the lambda cube (e. g., X2 : __ 1.0), 1 then performed a one-dimensional search with X2now 

allowed to vary above 1.0. This procedure was followed until an interior local optimum 

was found, when the step size was again halved - 

The grid search ended when the step size fell below 0.001. The final estimates of 

the Box-Cox parameters were then used as starting values for the NILLS on the 

transformed data. The NLLS stage is necessary because, as Spitzer shows, the OLS 

standard errors can be biased by a large order of magnitude. 
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2.9 Form of Economic Depreciation 

This section will focus on the empirical economic depreciation patterns estimated, using 

three different approaches, from the sample of aircraft prices. The first approach pools 

prices from different aircraft types and different years into one (e. g. all) or two (e. g. 

regulation and de-regulation) regressions. The second approach divides the prices into 17 

annual regressions in order to see how the depreciation pattern has changed over the 

period. The third approach divides the prices into 14 aircraft type regressions in order 

to see how the depreciation pattern differs between aircraft types. For each of the three 

approaches I will use a likelihood ratio test to ascertain whether the depreciation pattern 

is linear or geometric, and then go on to estimate representative depreciation patterns. 

The section concludes by comparing the depreciation patterns estimated under each of the 

three approaches. 

Comparisons of common theoretical depreciation patterns are shown in Figure 2-2, 

based on a 20 year asset life and a residual value of 10 %- Geometric and convex patterns 

are both accelerated compared to linear depreciation, whereas the concave pattern is 

decelerated. The backward-S pattern is rather a hybrid, being a combination of 

decelerated followed by accelerated. 

Table 2-5 Box-Cox parameters for theoretical depreciation patterns 

Convex Concave Geometric Linear Backward S 

a, -0.091 -0.036 -0.115 -0.045 -0.054 
X0 0.400 1.300 0.001 1.000 0.100 

X, 0.900 1.010 1.000 1.000 1.300 

The associated Table 2-5 gives the Box-Cox parameter ranges used to generate 
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the given theoretical depreciation patterns. 

When looking at depreciation patterns derived from the Box-Cox model there are 

two important affects that should be considered. While the shape of the depreciation 

pattern (dictated by the X0 and X, parameter estimates) remains fixed, the slope behaviour 

may depend on the year or aircraft type chosen as the illustration. For example, the 

pooling of data from different years (as in the all and type regressions) and resultant 

choice of year will normally result in the time series of depreciation patterns appearing 

to rise over time (induced in the normal case with X0 > 0, fl, <0 andfl2 > 0)1. As an 

illustration I have calculated depreciation patterns for the B727 for a number of different 

years, based on the pooled all prices regression. The relative value of an 11 year old 

aircraft increases from 19 % of the new value in 1971 to 42 % by 1986. This large 

6 Conversely the time series pattern will appear to fall over time if X0 <0 or 01 > 
0 (older aircraft are worth more than new aircraft) or02 <0 (aircraft price deflation). 
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difference is driven by the fact that 0,, the age coefficient, is large relative to 00, the 

intercept. However the difference in magnitude of the relative values over time is not 

usually that large. For a B747 from a type regression, the imputed 11 year old relative 

value ranged from 45-57 % over the whole period. This complication does not arise when 

using annual regressions. 

In an analogous fashion the pooling of prices from different aircraft types (as in 

the all and annual regressions) results in the depreciation pattern varying due to aircraft 

type chosen as the illustration (induced by the different estimated intercepts for each 

aircraft type). Using the all prices regression and mid-1978 values, the comparative 

relative values are 31 % for the B727 and 52 % for the B747. This complication is of 

diminished importance when using type regressions in that the aircraft price differences 

between aircraft models are relatively small in scale, and thus the estimated intercepts for 

each of the different aircraft models within the same type will be of the same order of 

magnitude. 

The all regression approach suffers from both of these numeraire affects : namely 

which year to choose for the illustrative depreciation pattern, and also which aircraft type 

to choose. I chose to use as my base case the depreciation pattern in June 1978 (the 

middle of the period covered) for a B727 (the most popular aircraft type). However I also 

give depreciation patterns in other years and also for the B747 (the largest aircraft type, 

with a used value typically 3-4 times that of a B727). For convenience of comparison I 

have chosen to scale the depreciation patterns based on new values (for newer models) 

and 11 year-old values (for older models). 
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2.9.1 AH Regressions Approach 

For my sample of aircraft prices I found that the economic depreciation pattern 

is accelerated compared to straight-line depreciation, though depreciating less quickly 

than geometric depreciation. This also applies to the subsets of prices, with the exception 

of the 1970-78 period that has a backward-S shaped depreciation pattern. 

Table 2-6 Box-Cox optimal parameter estimates all and subsets 

Sample NO 02 Shape 

All 0.42 0.93 1.02 -5.02 3.97 convex 
(0.01) (0.02) (0.04) (0.43) (0.45) 

Used 0.42 0.98 1.25 -4.01 1.97 convex 
(0.02) (0.09) (0.10) (0.93) (0.48) 

Current Type 0.33 0.86 0.92 -2.32 2.29 convex 
(0.01) (0.03) (0.03) (0.24) (0.27) 

Non Current Type 0.44 0.25 1.62 -28.76 0.61 convex 
(0.03) (0.13) (0.32) (9.39) (0.46) 

Current Model 0.02 0.76 1.04 -0.13 0.09 convex 
(0.02) (0.04) (0.03) (0.02) (0.02) 

Non Current Model 0.41 0.96 1.32 -3.71 1.54 convex 
(0.02) (0.11) (0.12) (1.05) (0.45) 

Regulation 0.52 1.27 1.85 -6.96 2.67 back-S 

(0.02) (0.03) (0.11) (0.84) (0.59) 

Deregulation 0.39 0.72 3.32 -4.86 0.01 convex 
(0.01) (0.03) (0.64) (0.61) (0.61) 

note : standard errors in brackets 

The Box-Cox optimal X estimates are displayed in Table 2-6. 

The hypotheses of linear or geometric depreciation were both rejected at the 95 % 

significance level for the all aircraft regression and each of the seven subsets, as Table 

2-7 confirms. 
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Table 2-7 LR test for depreciation pattern : all and subsets 

Sample Likelihood LA Test 

BC opt Linear Geom Linear Geom 

All 0.42 30,514 32,638 32,010 4248.6 2991.6 

Used 0.42 16,392 17,400 16,877 2016.5 971.0 

All - Current Type 0.33 21,823 23,534 22,486 3422.0 1326.2 
All - Non CT 0.44 8,178 8,683 8,434 1011.0 512.7 

All - Current Model 0.02 16,403 17,783 16,423 2759.4 39.9 
All - Non CM 0.41 13,393 14,209 13,755 1632.4 722.9 

All - Regulation 0.52 12,639 13,309 13,625 1339.2 1971.4 
All - Deregulation 0.39 17,264 18,425 17,911 2323.3 1294.4 

ý2(2,0.95) = 5.99 

The selection of a small number of relatively crude subsets was the first stage in 

trying to understand more about economic depreciation patterns. 

Removing the new aircraft prices and estimating the model with only used prices 

appeared to have only a slight impact on the depreciation pattern, with the relative value 

percentages differing by less than three per cent. For instance the removal of new prices 

changes the relative value of an 11 year old aircraft compared to that of a2 year old 

aircraft from 38% to 40%. 

Another step was to divide the sample into two by transaction date, with the 

break-point being the change from regulation (1970-78) to de-regulation (1979-86). In the 

earlier period an 11 year old aircraft would have been valued at only 33 % of a new 

aircraft, compared to 32 % in the later period. However it is probably wise to treat such 

estimates with some caution as the composition of the earlier and later period 

observations across aircraft types differs. A number of the earliest aircraft types 

(especially the BAC 1-11, B7079 B720 and DC8) were traded predominantly during 
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regulation, giving the earlier period a mean vintage of 1969. By comparison the 

observations after deregulation (containing nearly all the B737 observations) had a mean 

vintage of 1975. A number of the other aircraft types (B727, B747, L101 1, DC9 and 

DC10) were evenly split between the two periods. 

Another possible hypothesis is that the depreciation pattern is flatter after the type 

or model has ceased production as the particular aircraft approaches obsolescence. This 
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F0 igure 2-3 impact of deterioration on depreciation function 

phenomenon is illustrated in Figure 2-3, where a step reduction in deterioration at year 

15 causes the implied depreciation function to flatten. An associated possibility is Oi's 

(1983) suggestion that older capital tends to be sold to smaller firms, where it is used less 

intensively and thus appears to depreciate more slowly than otherwise. To examine this 

hypothesis, the all aircraft sample was sub-divided on two alternative bases : (1) the 

aircraft type was still in production at the date of the trade (Current Type - CT) or not 
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(NCT), and (2) the aircraft model was still in production (Current Model - CM) or not 

(NCM). 

The economic depreciation pattern based on mid- 1978 B727 model values is 

Based on mTd-1978 B727 values 
All rQgremoTono and saubiaQtg, 1970-96 
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F0 igure 2-4 Estimated depreciation pattern : all and subsets 

shown as Figure 2-4. The two most noticeable effects are that the depreciation pattern 

is flatter when the current model remains in production (CM), and that the pattern 

declines more steeply when the aircraft type is no longer being produced (N-CT). 

Using the coefficients from separate regressions, where the depreciation pattern 

was constrained to be geometric, results in implied annual depreciation rates for the 

subsets ranging from 7.7% (CM) to 10.6% (ALL) and 13.8% (N-CT). 

Here again, though, the composition of the subsets across aircraft types is likely 

to be an important contributory factor. The current model subset contains 99 % of the new 

prices and only 18 % of the used prices (mainly DC9 ý B707 and B747 with an average 
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Table 2-8 Sample vafiable mearls : all and subsets 

Sample Age Price Birth Deal 
(Years) ($ M) (Year) (Year) 

All 6.5 11.5 73.1 79.6 

Used 11.8 5.6 67.9 79.7 

Current Type 3.9 14.0 75.2 79.1 
Non Current Type 13.2 5.2 67.7 80.9 

Current Model 1.4 16.9 77.8 79.3 
Non Current Model 12.6 5.1 67.5 80.0 

Regulation 5.6 7.9 69.5 75.2 

Deregulation 7.3 14.3 75.9 83.1 

age of 7.6 years), with an overall average age of only 1.4 years and oldest aircraft 15.1 

years. On the other hand, the non-current type subset contains only one per cent of the 

new prices (some Airbus aircraft were not sold until a couple of years after production 

ended) and 50% of the used prices (mainly DC8, B727 and B707 with an average age of 

13.5 years), with an overall average age of 13.2 years and oldest aircraft 24.8 years. 

Mean values for subsets are given in Table 2-8. 
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2.9.2 Annual Regressions Approach 

For the second approach I split the complete sample into 17 separate annual regressions, 

with dummies for different aircraft types. 

Table 2-9 Box-Cox optimal parameter estimates : annual 

Sample X0 X, #I Shape 

1970 0.50 -8.85 -9.9e-08 convex 
(0-10) (0.35) (6.7e + 09) 

1971 0.79 1.08 -106.72 back-S 

(0.11) (0-09) (90.82) 

1972 0.49 1.24 -6.37 back-S 

(0.09) (0.09) (4.43) 

1973 0.76 1.25 -62.10 back-S 

(0.06) (0-09) (29.31) 

1974 0.71 1.30 -31.81 back-S 

(0.07) (0-09) (19.03) 

1975 0.43 1.28 -3.63 back-S 

(0.05) (0.07) (1.22) 

1976 0.52 0.94 -10.38 convex 
(0.06) (0.13) (3.49) 

1977 0.31 1.55 -0.64 back-S 

(o. o5) (0.11) (0.22) 

1978 0.58 1.35 -8.63 back-S 

(0.06) (0.09) (3.53) 

1979 0.43 1.36 -2.22 back-S 

(0.07) (0-10) (1.35) 

1980 0.28 1.36 -0.58 back-S 

(0.05) (0.11) (0.22) 

1981 0.32 1.18 -1.27 back-S 

(0.05) (0.14) (0.49) 

1982 0.42 0.62 -8.15 convex 

(0.06) (0.09) (3.62) 

1983 0.55 0.66 -22.30 convex 

(0.04) (0.09) (6.61) 

1984 0.36 0.64 -4.60 convex 

(0.04) (0.09) (1.53) 

1985 0.31 0.74 -2.26 convex 
(0.06) (0.08) (1.32) 

1986 0.09 0.73 -0.31 convex 
(o. o5) (0.06) (0.15) 

note standard errors in brackets 

46 



Each regression includes the prices for both new and used trades, as well as 

grouping the different aircraft types together. Table 2-9 shows the optimal parameter 

estimates for X0 and X, for each of the regressions. The main conclusion is that from 

1971 to 1981 (with the exception of 1976) the depreciation pattern was shaped like a 

backward-S, but since 1982 the pattern has been convex. 

Table 2-10 LR test for depreciation pattern - annual 

Sample XO Likelihood LR Test 

BC opt Linear Geom Linear Georn 

1970 0.50 538.0 596.3 574.6 116.6 73.2 

1971 0.79 736.2 789.0 740.4 105.7 8.5 

1972 0.49 1084.0 1134.9 1117.2 101.7 66.3 

1973 0.76 1685.6 1885.6 1705.3 399.9 39.5 

1974 0.71 1449.2 1584.8 1467.9 271.2 37.5 

1975 0.43 1595.6 1716.0 1700.9 240.8 210.4 

1976 0.52 1281.5 1386.0 1371.5 209.0 179.9 

1977 0.31 1602.1 1689.8 1723.3 175.3 242.3 

1978 0.58 2112.7 2285.0 2164.6 344.7 103.9 

1979 0.43 1633.8 1700.4 1694.2 133.1 120.8 

1980 0.28 2103.9 2190.1 2249.1 172.3 290.4 

1981 0.32 2138.9 2184.3 2330.6 91.0 383.4 

1982 0.42 1746.0 1813.0 1867.4 134.1 242.8 

1983 0.55 2316.9 2525.1 2445.2 416.4 256.7 

1984 0.36 2182.7 2241.2 2378.7 117.0 392.0 

1985 0.31 2120.4 2151.5 2188.9 62.3 137.2 

1986 0.09 2354.6 2363.9 2554.7 18.7 400.3 

X2 (2, o. 95) = 5.99 

Likelihood ratio tests rejected at the 95 % significance level the hypotheses of 

linear or geometric depreciation for all of the individual years, as Table 2-10 confirms. 

There are however a number of practical difficulties in interpreting the results of 

the annual regressions. One concern, especially important when considering depreciation 

patterns, is that in a single year there may not be both new and used trades for an 

individual aircraft type. For instance, in 1971 only two out of eight types had both new 
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Table 2-11 Sample variable means annual 

Sample Age Price Birth Deal 
(Years) ($ M) (Year) (Year) 

1970 2.0 11.6 68.4 70.5 
1971 5.9 7.9 65.6 71.5 
1972 4.4 7.4 68.0 72.4 
1973 4.5 7.3 69.0 73.5 
1974 5.1 8.3 69.3 74.4 
1975 5.5 8.1 70.1 75.5 
1976 7.0 6.7 69.4 76.4 
1977 6.9 7.6 70.6 77.5 
1978 6.8 8.3 71.6 78.5 

1979 4.3 12.5 75.2 79.5 
1980 4.9 14.8 75.6 80.5 
1981 8.0 11.4 73.5 81.5 
1982 9.3 11.4 73.2 82.5 
1983 8.1 15.1 75.4 83.5 
1984 9.6 12.8 75.0 84.5 

1985 6.4 17.2 79.0 85.4 

1986 7.2 18.4 79.3 86.5 

and used prices; in 1986 only three out of ten types met this condition. A related point 

is that the age range of used aircraft trades will tend to be clustered. For instance, in 

1971, there were 37 new observations and 39 of the 59 used prices were in the 10-13 

years age range; in 1986, as well as 128 new prices, 85 of the 132 used prices were for 

aircraft between 15 and 20 years old. There are also years in which the age of the oldest 

used trade is small when compared with the oldest aircraft in airline fleets. Mean values 

for the annual datasets are given in Table 2-11. 

The potential problem regarding the choice of representative aircraft type, 

mentioned at the beginning of this section, is illustrated in Figure 2-5. That is, which is 

the most appropriate aircraft type to choose. Based on the annual regression for 1974 the 

implied depreciation pattern for the largest aircraft type, the B747, has the same shape 

but the slope differs from that derived from the much smaller and more typical B727 due 

to the large difference in estimated intercept values in the model. 
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This is not necessarily the case for all the annual regressions as Figure 2-6 shows. 
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Here, using observations for 1986, the slope of the depreciation pattern is relatively 

similar, whichever aircraft type is chosen. 

This consideration should be remembered when looking at the following time 

pattern of depreciation patterns. Figure 2-7 plots the depreciation pattern estimated from 

annual regressions starting in 1971 and continuing at intervals of three years until 1986, 

using the B727 as representative aircraft type (the graph has been rebased with the new 
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Figure 2-7 Estimated B727 depreciation pattern - various years 

aircraft value now equal to 1). The 1971 and 1974 patterns depreciate the most in the 

short term, in contrast to the patterns for 1977 and 1980. The convexity of the 1983 and 

1986 patterns means that they only dominate the 1977 and 1980 patterns for aircraft older 

than 16 years old. 

However the replacement of the B727 with the B747 seems to change the picture 

somewhat (Figure 2-8), with the 1971 and 1974 patterns now depreciating less, while the 
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F0 igure 2-8 Estimated B747 depreciation patterns - various years 

1986 pattern depreciates more. The choice of numeraire type also has an impact on any 

attempts to order the depreciation patterns for different years based on the relative value 

percentages. 

One additional consideration is to see how the rate of depreciation' has changed 

over the period. Figure 2-9 highlights the distinction between those years where the 

depreciation pattern is backward-S shaped (1971,1974,1977 and 1980) and those with 

a convex pattern (1983 and 1986). With a backward-S shaped pattern the rate of 

depreciation rises steadily with aircraft age, though the rate of increase tails off during 

the period as aircraft expected life increases. With a convex pattern there is instead a 

high rate of depreciation in the very early years of aircraft life followed by relative 

7 The -r year rate of depreciation at time t is calculated as { P(t,, r-1) - P(t, -r) }/{0.5 
P(t,, r-1) + 0.5 * P(t, -r) }, giving a positive rate of depreciation when an older aircraft 

is less valuable than a newer aircraft. 
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stability. The depreciation rate of a 19 year old aircraft has fallen from 21 % in 1980 to 

12% in 1983 and to 7% by 1986. 

52 



2.9.3 Type Regressions Approach 

The final point is whether the depreciation pattern differs between aircraft t)Ws. One 

would expect this to be the case for a number of reasons, one of the foremost being that 

different types will have a different profile of aircraft vintages. Given the change in 

expected life over the period it is reasonable to suppose that an aircraft type of the 1970s 

would depreciate at a slower rate than an aircraft type of the 1950s. Another reason, 

mentioned previously, is the impact on the depreciation pattern following the ending of 

new production of an aircraft type. 

For each type, the observations over the whole period are used to estimate the 

'D- 
Box-Cox parameters, and thus to fit a value for a representative model. So the B747 type 

estimation uses all 191 observations, and the fitted value is for the B747-100 model (the 

most popular of the six B747 models). Of the 14 different aircraft types covered by my 

model, the four older types have only used prices, three types have only new prices 

(A300, B757 and B767) and the remaining seven types have both new and used prices'. 

The optimal parameter estimates for X0 and X, for each of the eleven types with 

used prices are given in Table 2-12. 

All bar one of the seven aircraft types with both new and used prices have convex 

depreciation patterns and therefore are accelerated compared to straight line depreciation, 

with linear and geometric depreciation rejected (see Table 2-13). 

8 For each of the type regressions with both new and used transaction prices I 

examined the Box-Cox residuals when ordered by size. The larger residuals, both 

negative and positive, come from a wide variety of different ages and transaction dates 

and there did not appear to be an undue preponderance of oldest aircraft or transaction 
dates towards the end of the period. 
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Table 2-12 Box-Cox optimal parameter estimates - type 

Sample X0 X, X2 0, 02 

All - B727 0.47 0.86 0.66 -8.54 12.14 convex 
(0.04) (0.02) (0.05) (3.02) (4.64) 

All - B737 0.25 0.75 0.85 -0.86 1.39 convex 
(0.07) (0.06) (0-09) (0.59) (1.03) 

All - B747 0.03 0.55 0.93 -0.20 0.12 convex 
(0.16) (0.07) (0-09) (0.32) (0.18) 

All - 1,1011 -0.01 0.72 1.18 -0.14 0.05 convex 
(0.15) (0.05) (0.12) (0.20) (0.07) 

All - DC9 0.40 0.91 1.09 -2.58 2.66 convex 
(0.06) (0.05) (0.06) (1.33) (1.36) 

All - MD80 -0.76 7.34 3.26 4.9e-09 4.1 e-08 back-S 
(0.86) (6.42) (2.85) (5.8e-08) (4.9e-07) 

All - DCIO -0.14 0.72 1.10 -0.03 0.02 convex 
(0.17) (0.06) (0-09) (0,05) (0.03) 

Used - BAC 0.01 0.60 1.27 -0.44 0.10 convex 
(0.93) (1.04) (0.67) (3.36) (0.72) 

Used - B707 0.44 0.68 7.22 -5.77 -2.0e-06 convex 
(0.06) (0.27) (1.10) (4.09) -5.0e-06 

Used - B720 0.59 -5.60 0.05 -3.8e+07 -19.21 convex 
(0-10) (2.66) (0.13) (2.3e+08) (11.87) 

Used - DC8 0.24 1.90 3.01 -0.02 -0.01 back-S 
(0.05) (1.36) (0.73) (0.08) (0.01) 

note standard erro rs in brackets 

Depreciation patterns for six of the aircraft types with both new and used prices, 

based on estimated mid 1978 values for selected aircraft models, are given in Figure 2- 

10. The implied annual depreciation rates, from the constrained geometric regressions, 

range from 5.0% (B737) to 10.4% (LlOll)9. 

The accelerated depreciation pattern also holds for three of the four aircraft types 

9 For comparison, Griliches (1970) reports implied depreciation rates of 11-12% for 
tractors and Hall reports a 17% rate for trucks. 
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Table 2-13 LR test for depreciation pattem - type 

Sample X. Likelihood LR Test 

BC opt Linear Geom Linear Geom 

All - MD80 -0.76 1,404 1,416 1,410 24.4 12.6 

All - DCIO -0.14 1,736 1,788 1,748 104.1 25.4 

All - LIOI 1 -0.01 1,136 1,195 1,152 119.5 33.4 

Used - BAC 0.01 368 370 368 4.3 0.2 

All - B747 0.03 1,826 1,886 1,848 119.7 44.3 

Used - DC8 0.24 1,732 1,941 1,755 417.9 46.4 

All - B737 0.25 3,284 3,364 3,314 160.9 60.8 

All - DC9 0.40 3,086 3,154 3,129 136.4 86.7 

Used - B707 0.44 2,470 2,554 2,541 167.7 142.4 

All - B727 0.47 8,532 8,696 8,657 327.6 251.0 

Used - B720 0.59 866 906 910 79.9 87.8 

ý2 
(2,0.93) = 5*99 
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igure 2-10 Estimated newer model depreciation pattern 

with only used prices (apart from the BAC 1-11 where neither geometric nor linear 

depreciation could be rejected due to the relative flatness of the likelihood function over 

the range of X0 values). 
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The two exceptions, the DC8 and MD80, have a backward-S depreciation pattern. 
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Figure 2-11 Estimated older model depreciation pattern 

Figure 2-11 illustrates the depreciation patterns for the four older aircraft types, 

those where production started in the late 1950s/early 1960s. The high implied rates of 

depreciation should come as no surprise, as the first half of my chosen period saw the 

removal of types such as the B720 and the pre-1968 B727 from the fleets of the major 

US airlines. 

Nevertheless a certain amount of caution should be used when examining the 

depreciation patterns and rates for the newer models in isolation, as the results obtained 

can vary according to whether used prices alone or both new and used prices are 

considered. For two of the newer aircraft types (B737 and B747) the results were similar 

whether used prices or all prices were considered. For the remaining three types (B727, 

L101 1 and DC9) this was not the case. The addition of new prices led to an increase in 

the estimated values for younger aircraft and a decrease for older aircraft, accompanied 
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by a steeper depreciation pattern slope. This disparity may be specific to the three aircraft 

types however, as in the overall regression the implied depreciation patterns and rates are 

very similar whether the estimation is based on used prices or all prices. 

Based on mid-year B727 values 
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Figure 2-12 Comparison of estimated depreciation patterns - 1974 

The last step is to compare the depreciation patterns given by each of the three 

approaches. Looking first at the results for the most typical aircraft type, the B727, the 

depreciation patterns from the all and type regressions are both convex in shape and very 

similar. Figure 2-12 shows the comparison for 1974, when the annual depreciation has 

a backward-S shape. In those later years, for which the annual regression is convex, the 

depreciation patterns are even closer. 

The comparison for the largest aircraft type, the B747, suffers from the scale 

problem inherent in the all and annual regression approaches. Figure 2-13 shows the 

divergence between the steeper depreciation pattern estimated from only B747 

observations and the shallower patterns biased upwards by the scaling problem, discussed 
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Based on mid-year B747 values 
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Figure 2-13 Comparison of estimated depreciation patterns - 1983 

in section 2.9. 
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2.10 Previous Literature on Depreciation Patterns 

This section will mainly look at the theoretical literature covering what I am going to call 

present value depreciation (more commonly known as economic depreciation) - denoting 

the year-to-year changes over time in the present value of an asset's future cash flows. 

In the presence of inflation, it is important to make a clear distinction between the cross- 

sectional definition (which I am calling economic depreciation for the purposes of this 

chapter) and the time-series definition (here called present value depreciation). 

Solomon & Laya (1967) were the first to reveal systematic biases between the 

economic rate of return for a firm and the accounting rate of return as normally 

calculated, due to the differing approaches to depreciation. Stauffer (1971) then showed 

that for every arbitrary depreciation pattern there exists a unique cash flow profile that 

would yield an equivalence of accounting and economic returns. This result stems from 

the two-way equivalence between a present-value or economic depreciation pattern and 

a unique cash flow profile, linked by the choice of an appropriate discount rate. Stauffer 

also gave a general proof that, in a world without inflation but where cash flow 

expectations are always realised, the accounting rate of return converges to the real rate 

as the growth rate approaches the accounting rate of return. 

Kraus & Huefher (1972) built on the above by working from certain given 

depreciation patterns to determine the shape of expected cash flow streams, consistent 

with present-value depreciation. The patterns chosen were constant-absolute-change 

depreciation (including straight-line and sum-of-the-years'-digits as special cases) and 

constant-proportional-change depreciation (allowing the simulation of the double- 

declining-balance method). 
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These early contributions tended to turn a blind eye to inflation, derived from 

seeking theoretical simplicity in a certain world without price changes combined with an 

accountant's emphasis on depreciation as merely an allocation of asset historic cost over 

expected life. Van Breda (1981) remedied this omission with a model that allowed for 

both inflation and real growth in asset investment over time. He showed that when the 

real growth rate in asset investment equalled the real rate of interest, the accounting rate 

of return would then equal the nominal rate of interest. This result holds for any choice 

of depreciation pattern. He also illustrated that the divergence of the accounting rate of 

return from the nominal rate of interest increases with (1) the divergence of the real 

growth rate from the real interest rate and (2) the life of the assets. 

The other half of Stauffer's equivalence relationship concerns cash flow profiles. 

Luckett (1984) stated that "cash flow profiles are essentially an empirical issue". Salamon 

(1985) commented however that "very little empirical work has been conducted on the 

cash flow profiles because of econometric difficulties associated with distributed lag 

regressions". He also noted that "prior work has sidestepped the problem of estimating 

cash flow profiles by assuming that all firms have projects with the same cash flow 

pattern parameter which is assigned a numerical value". 

Salamon (1982) had argued that typical after-tax cash flow patterns would be 

declining. Bodie's (1982) support for "compound interest depreciation" and Anthony's 

(1986) suggestion of "annuity depreciation" both assumed a level stream of cash flows. 

Conversely an initially increasing cash flow stream was used by Fisher & McGowan 

(1983) and Gordon & Hamer (1988). But these cash flow patterns are only ideas as, in 

general, it is not explicitly stated whether the suggested cash flow profiles include 

inflation or not. For example a given level stream of nominal cash flows will be declining 
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in real terms, leading to two different present-value depreciation patterns (real and 

nominal). Awerbuch (1988) suggests that cash flow profiles will vary between industry. 

He gives as examples an oil field with declining cash flows, mature technology with a 

level cash flow profile and new technologies matching Fisher & McGowan's "Q-profile". 

Others have considered the conditions under which the ARR provides a reliable 

approximation to the IRR. From a sequence of ex-post ARRs Kay (1976) shows in 

continuous time how they might be converted into the IRR, assuming that the initial and 

terminal accounting values are good approximations of their economic values. Peasnell 

(1982) demonstrates a similar result in a discrete time framework. He also goes on to 

state that there are an infinite number of income measures, using various depreciation 

methods, that can be discounted (after simple adjustment) to provide an economic value 

equal to that obtained by discounting cash flows. 
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2.11 Accounting, Tax and Economic Depreciation 

The important distinction between the three types of depreciation is illustrated by the 

following example. In 1970 United Airlines bought four new B747s for $21.8m each. By 

the end of 1986 the aircraft had been fully depreciated for tax purposes, using say the 

typical 
am, 12 year Asset Depreciation Range (ADR) lifetime. In the company's accounts they 

were at residual value of $0.2m each, having used straight-line depreciation with an 

expected life of 16 years. Despite this, the used aircraft could be sold for upwards of 

$20m each. 

The two important features of the US tax environment that encourage firms to 

invest in capital equipment (such as aircraft) are tax depreciation allowances and 

investment tax credits (ITCs). 

Depreciation allowances reduce a firm's taxable profits in subsequent years (where 

the period for the asset depreciation allowed for tax purposes will be shorter than the 

period used for accounting purposes) and the expected present value of the reduction in 

corporate tax payments can be estimated using an appropriate discount rate. To the extent 

that such tax depreciation exceeds book depreciation there will be a deferred tax liability 

on the firm's balance sheet. 

For nearly the whole of my period" the US government provided a subsidy for 

business purchases of capital goods in the form of the ITC. The purchaser could deduct 

-r-- - from its tax payment a certain proportion (increased from 7% to 10% in 1975) of 

qualifying asset expenditure in that year. Like depreciation allowances, unused ITCs 

11 The Investment Tax Credit was created in 1962, suspended in 1969, reinstated in 
1971 and abolished in 1986. 
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could be carried forward for a number of years. There are however restrictions on the 

length of time that an asset must be held - prior to 1981 the full ITC was allowed only 

if the asset was held for at least 7 years, with no ITC allowed if the asset was held for 

under 3 years; subsequently the credit was earned at an annual rate of 2% per year and 

thus an asset would have to be held for at least 5 years to earn the whole ITC. Although 

one can view the ITC as lowering the effective price of capital goods, for accounting 

purposes most firms add the credit to reported earnings in the year it arises rather than 

reducing the book value of the asset. A handful of airlines spread the ITC benefit as it 

is earned, giving rise to a deferred credit ITC liability on the balance sheet rather than 

taldng the initial ITC directly to earnings. 

The choice of depreciation pattern is especially important in a regulated industry, 

such as U. S. airlines prior to 1978. Here the accounting numbers do more than measure 

financial performance, they actually dictate financial performance. In 1960 the CAB set 

fares to achieve an average 10.5 % rate of return on assets for the industry. This rate was 

raised to 12 % in 1974. 

The CAB, through the General Passenger Fare Investigation (GPFI) in 1960, 

established service lives for ratemaking purposes at 7 years for piston aircraft and 10 

years for jet aircraft, with a 15 % residual value. In April 1971 the CAB confirmed the 

increased lives for jet aircraft that it had been using in practice for a number of years. 

The service lives were then 10 years (turbojets), 14 years (turbofans and 4-engine 

widebodies) and 16 years (3-engine widebodies). For published accounts most airlines 

initially used the same lives although some such as Delta and Northwest used shorter 

depreciation periods. Subsequently when it became evident that the useful life of narrow- 

body aircraft would exceed the book life, some airlines increased the depreciation 
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periods. Spencer (1979) writes that a recent CAB study had found that airlines were 

depreciating their equipment over a longer period than its regulatory rules, and the CAB 

then added an additional 3 years to the above lives. 

Hillison, Hopwood & Lorek (1983) say that all 24 airlines (in their sample of 

trunk and regional airlines) use the straight-line depreciation method for external 

reporting purposes. The expected life range used has risen from 10 to 14 years in 1972 

to up to 20 years by 1984. Pan Am's 1985 annual report quotes a useful life of between 

18 and 20 years for B727s and between 21 and 25 years for B747s, with a residual value 

of 15 

The depreciation schedules used for accounting and tax purposes are time-series 

measures. In order to compare these measures with my estimated cross-sectional 

measures, I will have to incorporate inflation. This transformation involves three stages. 

Initially my cross-sectional age effect is converted into a series of real cash flows, 

assuming present value depreciation together with a suitably chosen discount rate (here 

10%). An inflation forecast is then used to transfer the real cash flows into a stream of 

expected nominal cash flows. Finally the nominal cash flow profile is converted into a 

present-value depreciation schedule, using an increased discount rate that incorporates the 

inflation forecast. 

This transformation is explained using representative values for a Boeing 727 

aircraft in mid 1970, displayed in Table 2-14. The second column shows the cross- 

sectional age effect with the derived cross-sectional cash flows in the next column. For 

instance the cash flow in year 1 is (1 - 10 * 6,087) - 5,321 = 1,375. The year 2 cash flow 

is derived from the cross-sectional values for 1 and 2 year old aircraft and so on. The 

cross-sectional figures in columns 2 and 3 can be thought of as expressed in real terms. 
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Figure 2-14 Depreciation patterns and implied cash flows 

An annual inflation rate of 8% (roughly the ex-post average for 1970-86) then transforms 

the real cash flows in column 3 into nominal cash flows in column 4. Finally the nominal 

cash flows give rise to a depreciation schedule, in the same fashion that linked the cross- 

sectional age effect and cash flows. The nominal figures in columns 4 and 5 can also be 

considered as a time series of future cash flows and expected aircraft values. 

The contrast between the cross-sectional and time series depreciation patterns is 

highlighted in Figure 2-14, showing the B727 with an accelerated cross-sectional 

depreciation pattern and an expected life of just over 20 years. The sequence of real cash 

flows implied by the depreciation pattern is also shown, using a real discount rate of 

10%. Without inflation, the cross-sectional and time-series depreciation patterns are 

identical. With inflation, the time-series schedule flexes out and with expected inflation 

of 8% the schedule is now concave. The IRR of the new aircraft value and stream of 

implied nominal cash flows is 18.8%. Although this simple illustration is constrained to 
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Table 2-14 B727 economic depreciation and implied cash flows ($000) 

Age ED (XS) CFP (XS) CFP (TS) ED (TS) 

0 6,087 6,087 
1 5,321 1,375 1,485 5,746 
2 4,667 1,186 1,383 5,443 
3 4,081 1,053 1,326 5,140 
4 3,552 937 1,275 4,832 
5 3,073 834 1,226 4,514 
6 2,639 741 1,176 4,187 
7 2,247 656 1,124 3,850 
8 1,894 578 1,069 3,504 
9 1,577 506 1,012 3,151 

10 1,296 439 947 2,796 
11 1,047 379 883 2,439 
12 830 322 810 2,087 
13 642 271 737 1,742 
14 482 224 659 1,411 
15 349 181 575 1,102 
16 240 144 493 816 
17 154 110 407 562 

18 89 80 321 347 
19 44 54 233 179 

20 16 32 151 62 

keep the aircraft life the same, increases in asset expected life over time will also add to 

the flexing of the depreciation schedule. 

This pattern of falling real cash flows (Table 2-14, column 3) probably arises 

because for aircraft the cost of maintenance rises as the aircraft ages, as well as possibly 

passengers being prepared to pay more for travelling in newer aircraft. " This gives rise 

to accelerated (compared to straight-line) economic depreciation. However the impact of 

inflation will increase the expected cash flows in nominal terms and, if inflation is high 

enough, the stream of cash flows may even rise in nominal terms. This simply means that 

11 Figures from Airline Quarterly in Sept 1988 suggested that maintenance costs for 

a 15 year old aircraft might be 50- 100 % greater than those for a 10 year old aircraft. For 
the B727 example this might amount to between $200,0004400,000 per year, compared 
to the difference in real cash flows of around $260,000 suggesting that increased 

maintenance is the major factor for value differences in older aircraft. For younger 
aircraft the implied cash flows differ by sums greater than the difference in maintenance 
costs and this points to the greater revenue attractiveness of new aircraft. 
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the rate of economic depreciation on assets with relatively long lives tends to be 

dominated by the rate of inflation. When the two effects offset each other, the stream of 

level nominal cash flows will result in a decelerated depreciation pattern, as advocated 

by Bodie and Anthony. 

Kim & Moore (1988) divide the possible subsidy arising from differing 

depreciation methods into two : (1) that due to tax depreciation differing from economic 

depreciation, thus influencing tax payments and hence after-tax cash flows; (2) that due 

to book depreciation differing from economic depreciation, thus influencing regulators 

and hence pre-tax cash flows. 
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This latter problem is illustrated in Figure 2-15, which develops the previous 

example using the estimated B727 pattern of economic depreciation and implied cash 

flows. The graph compares the constant economic return of 10 % with the accounting rate 

of return, where the asset is depreciated with the typical straight-line depreciation method 
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used by US airlines. It shows that the accounting return exceeds the economic return in 

the early years of an asset's life. This discrepancy is heightened by inflation - with 

inflation of 8% per year, the accounting return remains close to 20 % for the first twelve 

years and does not reach the economic return until year seventeen. This scenario, where 

the accounting return exaggerates the true economic return of an asset, would encourage 

uneconomic asset acquisition. 
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2.12 Conclusion 

The most important finding from this chapter is that, for most aircraft, the economic 

depreciation pattern is accelerated compared to straight-line depreciation. This occurs 

because the net expected cash flow of an aircraft decreases with age, and the reduction 

in cash flow for a typical used aircraft is broadly equivalent to the increased level of 

maintenance costs. 

Over the period studied the expected life of a typical aircraft has doubled, from 

around 15 years in 1972 to nearer 30 years by 1986. While technological change has 

driven out some older aircraft types in the 1970s, obsolescence has been only a minor 

factor in aircraft retirement. Now deterioration, which can be countered by additional 

maintenance, is the dominant influence on the economic depreciation pattern. 

Nearly all the aircraft types (nine of the eleven with new and used prices) have 

convex economic depreciation patterns, with implied annual depreciation rates for 

surviving aircraft types varying from 5% to 10.4%. An example where the use of 

straight-line depreciation by the airlines and regulators when considering asset investment 

can exaggerate returns is given. This scenario, together with the higher levels of price 

inflation seen during the 1970s and 1980s, matches the position of the airline industry 

during the period studied. 

go on to derive implied cash flow profiles for a typical aircraft in contrast to the 

hypothetical examples that have been the focus of previous discussions regarding 

corporate and asset cash flows. 
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2.13 Hall's Model 

L. ee uses the model first derived by Hall, given by the following equation : 

P(tg*T) 

where 

P(tqT) 

PH(t, O) 

PH(t, O) * B(t-, r) * D, (2-2) 

the observed price of a capital asset of age r at time t, 

the hypothetical price for a new asset at time t, corrected for 

quality change, 

B(t--r) an index of quality change for an asset of vintage (t--r), which 

reflects increasing efficiency for a later vintage asset, 

D7 an index of depreciated value for an asset of age r. 

Equation 2-2 shows that the observed price of a capital asset of a certain age in 

a particular year is the product of the quality-corrected price for a new asset in that year, 

a quality change factor for the vintage in question, and a depreciation factor for an asset 

of that age. 

Lee had 210 observations and regressed In P(t, -r) on 57 dummy independent 

variables (14 for year, 15 for age and 28 for vintage). The formal null hypotheses (such 

as that the depreciation pattern was exponential) used F-tests to compare the restricted 

regression (with In D, =- dr ) with the unrestricted regression. 
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2.14 Box-Cox Likelihood Functions 

The Box-Cox extended model has already been defined in Equation 2-1. Using matrix 

notation, my model can be expressed as : 

x 
(Is, 12) 

*P (2-3) 

where Y(") is TxI vector of transformed aircraft price observations, V", 1) is the Tx 

3 matrix of aircraft type/model dummy, transformed aircraft age and transformed date 

of trade, and e is aTx1 vector of error terms. 

Assume that X is non-stochastic and that c is a vector of independent and normally 

distributed error terms with zero means and constant variance oý. The log likelihood 

function for the sample of observations is 

Lo (2-4) 
"qp"62; 

X9 1) (T/2) pn(2, n) + JnU2] 

- (l/2 CF2) (EtE) 

+ (10 - 1) Z In Yt 9 

where the first two terms in the equation comprise the log likelihood function for the 

ordinary least squares regression of Y(110) on X("', "2) and the last term is the Jacobian of 

the Box-Cox transformation. 
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Concentrating out o' and 0 in Equation 2-4, we have the concentrated log 

likelihood function : 

L(Ä; X, 1) =- (T/2) [In (2-n) + In 2+ l] (2-5) 

(10 - 1) Tj InY, 

where i? =V* E'E. 
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CHAPTER 3 

Estimating Aircraft Values 

3.1 Introduction 

While economics has focused on the pricing of financial assets, little is known about the 

behaviour of real asset prices. This chapter will estimate variability and betas for aircraft 

types and compare them with estimates for financial assets that have claims on the aircraft 

such as airline equity and debt. Whereas capital budgeting uses asset betas derived as a 

weighted average of corporate liability betas, I will use betas derived from my valuation 

model for real assets. 

The empirical approach adopted will, in the absence of suitable methodological 

precedents, be guided by the aircraft prices themselves and will consider in detail the best 

level of aggregation for my valuation model. 

The valuation model for new and used commercial jet aircraft since 1970 will then 

provide the cornerstone for the valuation of airline fleets. The relative infrequency of 

aircraft trades (in a typical year only 5% of the total fleet will be sold) is the main 

hurdle, causing the difference between the age profiles of the aircraft prices and the 

adrline fleets. 
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My wish is to discover what the historic prices reveal by themselves, rather than 

adding independent variables (such as aircraft capacity or fuel consumption) in order to 

build a forecasting model. Therefore I have tried to include as few explanatory variables 

as possible (mainly covering dummy variables for aircraft type and special features such 

as leasing transactions). 

There is also a desire not to replicate existing approaches. The main focus of the 

publicly available data for U. S. airlines is on input costs (broken down by aircraft type) 

and revenues (broken down by individual city-pair routes). A number of commercial 

consultancies have developed models based on such information to impute values for 

particular aircraft. 

I will go on to look at some of the characteristics of the aircraft valuations derived 

from my model, such as the annual capital returns and estimated variabilities for 

representative aircraft models within different aircraft types. 

It is important to remember that my ultimate interest is in the aircraft that don't 

trade (airline fleets) rather than the aircraft that do trade (aircraft prices). The analysis 

will be a blend of subjective and objective, with the objective measures (such as within- 

sample forecasting accuracy) used to learn more about the aircraft price data and also to 

anticipate some of the difficulties in valuing airline fleets. 
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3.2 The Aircraft Manufacturers 

There are three major commercial jet aircraft manufacturers, Boeing, McDonnell Douglas 

and Airbus, each of whom are also involved (directly or indirectly) in military aircraft 

production. Other smaller manufacturers include British Aerospace, Fokker and 

Lockheed. 

The manufacture of aircraft is a labour-intensive process using technologically 

advanced components. In the past 30 years there have been two major technological step 

changes - namely the introduction of jet engines in the late 1950s and the introduction of 

wide-bodied aircraft in the early 1970s. There are some scale economies (increasing 

production volume of a type by 30% might reduce unit costs by, say, 10%), but 

flexibility to alter the scale of production exists mainly in the medium-term (1-2 years). 

The number of aircraft of each type manufactured each month would generally range 

. V-- - 

from 2-15. 

Demand for new aircraft is highly cyclical, as Table 3-1 confirms, with the annual 

number of deliveries to US customers varying between 67 and 184 aircraft. The column 

headed new prices includes some from airlines outside my valuation universe of 25 

carriers. The difference between my valuation universe and all US customers is accounted 

for by aircraft bought by the US Armed Forces and non-passenger operators such as 

Federal Express and Flying Tiger. The cyclicality is compounded by the lag between 

order and aircraft delivery (normally from 1-3 years during the period), in that new 

aircraft tend to be ordered when passenger traffic is growing but received after the 

economic cycle has peaked. For instance the first peak of new aircraft deliveries in 1973 

was followed by two flat years in domestic passenger traffic, and the next delivery peak 
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Table 3-1 New aircraft deliveries by year 

Year New Universe US Customers 
Prices Deliveries Deliveries 

1970 58 120 124 
1971 37 62 67 
1972 53 84 93 
1973 99 125 151 
1974 75 85 104 
1975 82 83 99 
1976 61 57 69 
1977 76 78 83 
1978 118 123 132 
1979 127 152 184 
1980 138 137 157 
1981 94 102 137 
1982 81 108 125 
1983 117 128 145 
1984 68 101 121 
1985 102 126 157 
1986 128 158 184 

Total 1,514 1,829 2,132 

in 1979 was followed by declining passenger traffic in the next two years. 

New aircraft are sold worldwide to a large number of airlines and also, 

increasingly, to intermediaries such as specialised leasing companies. There has always 

been some element of a custom-built product (with airlines choosing different interior 

configurations), but in practice aircraft of the same model tend to have very similar 

seating configurations. 

The advent of U. S. deregulation and competition from Airbus brought with it an 

increased level of price competition and, for most aircraft, a 5-10% discount from the 

list price is not unusual, especially for larger orders. Selling terms are normally one-third 

in advance, with the remainder upon delivery. 

The used aircraft market has grown to rival the new market in terms of number 

of aircraft traded, but is still dwarfed by the new market in money terms. The used 
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market is categorised by the presence of middle-men such as aircraft brokers. New 

aircraft manufacturers have traditionally played only a limited role, but this is changing 

to a small extent as new makers are now prepared to accept used aircraft in part-exchange 

when making a sale. Insiders believe that the used market is efficient, with a sufficient 

volume of aircraft being traded to ensure a consistency running through pricing in the 

market. 
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3.3 Empirical Considerations 

My main reason for choosing the Box-Cox methodology was to facilitate handling the 

sparse aircraft prices, and a side-effect of this relative data scarcity is the need to pay 

particular attention to aggregating data in the modelling process. In attempting to collect 

as comprehensive a set of aircraft prices as possible I have included all transactions but 

added special markers for unusual transactions. Including these markers as dummies in 

my regression model then allows me to isolate the expected impact on traded prices for 

transactions such as new aircraft that are leased rather than bought. The various dummy 

variables are in addition to the necessary independent variables for transformed age and 

time inherent in my original Box-Cox model introduced in chapter 2. The final topic is 

to consider how to approach the bias induced through my use of transformed prices as 

the dependent variable and, like the question of aggregation, I will attempt to match my 

approach to the aircraft price data. 
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3.4 Data Aggregation 

Choosing the level of aggregation for the data is a trade off between sample size and 

aircraft homogeneity, where the heterogeneity comes from three main sources - aircraft 

age, calendar time and finally different aircraft types and models. 

In chapter 21 showed that different aircraft types had varying rates of 

depreciation, especially between early generation and later jet aircraft. Conversely the 

sample size for individual regressions is an important constraint and there is no correct 

approach to take in trying to balance the needs of sample size and homogeneity. I will 

therefore try to compare three different approaches to partitioning the data with one eye 

on the within-sample performance and the other eye on considerations associated with the 

valuation of actual airline fleets. 
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3.5 Aggregation by Aircraft Type or Model 

Since the Box-Cox transform attempts to adjust two of the sources of heterogeneity in age 

and time (through the X, and X2 parameters respectively), I will start instead by 

considering aggregation starting from the bottom level, that of individual aircraft. A 

particular aircraft type, such as a Boeing 747, will contain a number of derivative models 

(for instance 747-100,747-200,747SP). 

Aggregation by model is hampered by small sample sizes as only 8 of the 69 

individual aircraft models have more than 100 observations. Combining different aircraft 

models into groups of the same type improves the sample size, with 10 of the 14 

individual aircraft types now having more than 100 observations. Dummy variables are 

used in the type regression to capture some of the heterogeneity of different models, 

merely by shiffing the intercept from 00 to go+ 03 (see equation 3-8 in section 3.17). 

The type sample sizes range from 49 (for the A300) to 1,017 (for the B727). Aggregating 

aircraft of different types into one regression, with a dummy for each aircraft type (but 

no separate dummies for individual aircraft models), would be the final step. 

Conversely, one can start at the top level with all the observations and 

disaggregate into partitions such as new and used aircraft prices (or trades during 

regulation and trades during deregulation). 

Partitions at the lowest level of the hierarchy (models) emphasise, aircraft 

homogeneity. Partitions at the highest level (all) emphasise sample size. 

In order to distinguish between the relative merits of the different partitions, I 

have used my model estimated from a particular partition to value all the aircraft in the 

partitioned sample and compared the model values with the actual observed values. The 
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Table 3-2 Within-sample forecasting performance : all and subsets 

Sample U1*100 PMAE (%) % New Mean age 

New 10.3 8.0 100 0.0 

Current Model 11.8 8.9 81 1.4 
Regulation 12.6 10.9 44 5.6 

Current Type 14.4 11.1 61 3.9 
Deregulation 16.0 13.6 45 7.3 

All 16.6 13.9 44 6.5 
Non Current Type 18.8 21.3 2 13.2 
Non Current Model 22.9 23.7 1 12.6 
Used 24.4 23.7 0 11.8 

within-sample forecasting performance of nine high level partitions is given in Table 3-2, 

where they are ranked by Theil's (1966) U, inequality coefficient. In the case of perfect 

forecasts U, would be zero. The ranking of the partitions is hardly surprising with new 

aircraft and current models and types doing well, compared to poor performances from 

used aircraft and non-current models and types. However, the underlying reasons for 

good performance are shown to be a high proportion of new aircraft and a low average 

aircraft age. Thus new aircraft are, on the whole, more homogeneous, and older aircraft 

are rather less homogeneous. For instance, the percentage mean absolute error for used 

aircraft is nearly three times that for new aircraft. 

A comparative table for medium level partitions is shown as Table 3-3. Whereas 

the mean absolute error varies from 3-20%, given that the used datasets are of relatively 

minor importance in fleet valuation, a more typical range of mean absolute error for the 

popular aircraft types is between 5-10%. 
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Table 3-3 Within-sample forecasting performance : types 

Sample uj*loo PMAE (%) % New Mean age 

New - A300 3.7 3.0 100 0.0 
New - B767 4.1 3.4 100 0.0 
All - L101 1 5.7 4.3 73 2.0 
New - B757 6.5 5.6 100 0.0 
All - MD80 7.1 5.1 88 0.4 
All - DCIO 7.8 5.5 67 3.4 
All - DC9 9.2 7.6 24 8.6 
All - B737 9.3 7.2 61 4.1 
All - B747 11.8 8.8 52 4.0 
All - B727 13.0 10.3 52 6.1 
Used - BACI 11 14.3 8.7 0 10.2 
Used - B707 21.5 20.0 0 12.6 
Used - B720 21.8 19.6 0 12.2 
Used - DC8 21.8 17.5 0 12.2 

All 16.6 13.9 44 6.5 
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3.6 Aggregation by Calendar Thne 

When one is reluctant to aggregate aircraft prices over time (such as when wanting to 

carry out an event study on the influence of de-regulation on aircraft values) the 

alternative subdivision of the complete data sample by calendar time, with dummy 

variables for individual types, is an approach that comes to mind. The size of the annual 

datasets ranges from a minimum of 76 observations in 1970 to a maximum of 272 

observations in 1983. 

Table 3-4 Within-sample forecasting performance : annual 

Year U, *100 PMAE (%) % New Mean age 

1970 2.6 2.2 76 2.0 

1971 4.6 4.5 39 5.9 

1972 5.8 4.8 37 4.4 

1983 7.5 6.1 43 8.1 

1973 7.7 7.6 47 4.5 

1974 8.1 7.7 42 5.1 

1982 8.5 7.9 39 9.3 

1978 9.3 8.0 46 6.8 

1979 9.4 7.5 66 4.3 

1976 10.5 9.0 38 7.0 

1985 10.9 9.0 43 6.4 

1975 11.6 9.2 42 5.5 

1981 13.8 10.9 38 8.0 

1980 14.5 10.9 58 4.9 

1986 14.7 9.2 49 7.2 

1984 16.5 12.7 28 9.6 

1977 17.6 12.0 40 6.9 

All 16.6 13.9 44 6.5 

The results of the partition of the data into 17 annual datasets, ranked in order of 

increasing U, values, are shown in Table 3-4. Interpretation of the relative forecasting 

performance is likely to be confusing, given the wide differences in average age and new 

proportions between the annual datasets as noted above (these two factors are themselves 
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the most important determinants of forecasting performance). 

Although, at first glance, annual partition might seem to promise forecasting 

benefits as the U, values are lower than for all aircraft in all years except 1977, the 

influence of aircraft heterogeneity stemming from small sample sizes should not be 

forgotten. For example, there were 192 aircraft prices for 1979, of which only four were 

DC-8 trades. The sales involved two DC8-50 aircraft (a 1959 vintage sold for $1.2m, and 

a 1963 vintage cargo freighter for $4.3m) and two DC8-63 aircraft (1969 vintage cargo 

freighters sold for $12.8m and $14.0m). The first difficulty is that, lacking model 

dummies, the annual regression will value the DC8 type about halfway between the DC8- 

50 and DC8-63 model prices, and this will worsen the within-sample forecast 

performance. The second prospective difficulty is due to small sample sizes. Suppose that 

in 1979 only the two DC8-50 trades took place. Forecasting performance within-sample 

would improve, but using the DC8-50 derived value to value airline fleets (where the 

DC8-60 models accounted for more than half of all DC8s) would be less satisfactory. 

Table 3-5 B727 regression coefficients and imputed model values 

B727 Sample Coef. Std. error 

B727-100 [0,1 61.64 (30.2) 
B727-IOOC 3.92 (3.3) 

B727-IOOQC 3.21 (2.6) 

B727-200 18.11 (13.0) 

B727-200A 21.17 (14.7) 

0, [age] -4.17 (3.7) 
02 [time] 9.06 (7.5) 

AI [bulk] -3.24 (2.4) 

X0 0.40 (0-1) 

X, 0.52 (0.3) 
ý12 -0.08 (0.3) 

Model 

values ($m) 

3.8 
4.4 
4.3 
7.0 
7.6 

This heterogeneity of different models within the same aircraft type is reinforced 
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in the following example. Table 3-5 displays both the regression coefficients for the 

sample of used Boeing 727 observations, together with imputed values for a6 year old 

aircraft in mid- 1978. While none of the model dummy coefficients, apart from the 

constant, are significantly different from zero at the 95 % level there are nevertheless 

large differences in imputed values between the Boeing 727-100 (typically $4m) and the 

Boeing 727-200 (around $7m). These stem from the -200 model carrying more 

passengers (145 compared to only 94 for the -100), having more powerful engines and 

a greater gross weight capability. 

Judged both on physical characteristics and imputed values, aircraft models are 

not homogeneous and this suggests that, in the absence of any special considerations, any 

valuation approach should be at the type level, with dummies for individual aircraft 

models. 
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3.7 Selection of Independent Variables 

The next question was to select the independent variables for the model. The model 

already includes transformed independent variables for age and time and the additional 

independent variables would take the form of dummies to allow the price impact of 

unusual transactions to be stripped out. Most of the factors in unusual transactions were 

predictable. Dummy variables for scrap trades (ds), bulk deals (db 1) and sales to 

operating lessees (dol) were expected to reduce prices. Conversely, industry sources had 

suggested that sale and leaseback transactions (dsl) and new aircraft leasing (dnl) might 

incorporate higher than normal prices. Little was known, a priori, about the impact of 

lease buyouts (dlb). 
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3.8 Possible Biases 

Hulten & Wykoff (1981) find that survivorship, bias in their sample of buildings is an 

important potential bias, saying that individual assets in a given cohort will typically be 

retired from service at different points in time. They therefore assume that the average 

price of the initial cohort at any date is the weighted average of the value of survivors 

and the value of non-survivors (taking a net scrap value of zero). The survivorship curve 

is modelled by the Winfrey LO distribution, allowing for gradual asset retirement with the 

probability that only a few assets survive to very old ages (45 % survive beyond the mean 

asset life, and only eight per cent survive beyond twice the mean asset life). 

There are three main reasons why I have not incorporated such a survivor 

adjustment. First, aircraft retirement has affected under 10% of jets (by the end of 1986 

only 857 out of 9,202 jets manufactured had been retired). The effect is concentrated 

among only a handful of the aircraft types covered by my model. The types with a 

retirement proportion above one per cent are the Boeing 720 (70 %, i. e. 108/154), Boeing 

707 (32%, i. e. 262/818) and Douglas DC8 (28%, i. e. 153/556). Second, aircraft 

retirements involving the same type tend to be clustered together. The two oil price 

shocks in the early and late 1970s were a fatal blow on economic grounds to most of the 

earliest jet aircraft. Third, my ultimate focus is not concerned with valuing the whole 

population but instead with a large subset, that of US airline fleets. My model 

incorporates traded prices that include scrap transactions, and these will also signal the 

exit of a aircraft type frOM My particular universe of fleets. 

Another possible consideration is the lemons problem presented by Ackerlof 

(1970), where an individual item offered for resale is more likely to be of poorer than 
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average quality. I have described previously that aircraft trades for particular types tend 

to be clustered in time. Typically, for instance, there will be a spate of new deliveries 

then a gap, say 10 years, before used aircraft are traded for the first time. However my 

sample of observations also includes some used aircraft that are sold outside the cluster 

when the majority of similar vintage aircraft are sold. This is probably because an airline 

has found the aircraft type unsuitable for operation on its routes, and the carrier's 

anxiousness to sell the aircraft may result in a poorer price than otherwise. ' Sample 

prices from aircraft traded within clusters should provide fair prices and these dominate 

the observations in my sample. Sample prices outside clusters are relatively few in 

number and their influence on my model values is limited. 

There is an additional source of bias inherent in the Box-Cox transform (when X. 

differs from 1) that produces a relative bias when used to estimate fitted values. 

Goldberger (1968) points out that the estimate produced is the conditional median 

function rather than the conditional mean function, and calculates an adjustment factor 

for the logarithmic transform (X. = 0). Huang & Kelingos (1979) show that the 

conditional mean exceeds the conditional median when X,, <I (and vice versa when X,, 

1) and calculate the relative bias for a range of X. values. 

The equivalent simple adjustment would be to multiply the Box-Cox fitted values 

by a non-biasing factor (the ratio of sample actual prices to sample fitted values) for each 

regression. This factor would be greater than 1 when X. <I (and less than I when k 

> 1). For each of the fourteen type regressions the adjustment factors would be very 

close to one, with a maximum of 1.024 (B707) and a minimum of 0.996 (B767). 

I On the other hand, one might argue that such prices could also reflect an element 

of scarcity value. 
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Table 3-6 Comparison of adjustment methods 

Sample U, Ul-B U, -C 
(*100) (*100) (*100) 

All - B727 13.0 13.0 11.4 
All - B737 9.3 9.3 8.2 
All - B747 11.8 11.7 10.3 
All - L1011 5.7 5.7 4.3 
All - DC9 9.2 9.2 8.6 
All - MD80 7.1 7.1 5.8 
All - DCIO 7.8 7.8 6.9 

New -A300 3.7 3.7 1.8 
New - B757 6.5 6.5 5.7 
New - B767 4.1 4.1 4.1 

Used - BACM 1 14.3 14.3 12.9 
Used - B707 21.5 21.4 18.6 
Used - B720 21.8 21.8 19.7 
Used - DC8 21.8 22.0 15.4 

Instead of choosing this global bias ad ustment, I have ad usted for the bias within ii 

each year. Table 3-6 compares U, (prior to adjustment) with U1-B (global adjustment) and 

U, -C (within-year adjustment). Adjusting for bias within each year gives a worthwhile 

reduction in Ul. The important feature satisfied by either adjustment is that the sum of 

fitted values equals the sum of actual prices. 

Nearly all the ad ustment factors, shown in Table 3-7, for the seven aircraft types i 

with both new and used prices are close to one. The spread of the factors for the four 

types with only used prices is greater, as Table 3-8 illustrates. However the minor 

importance of these types to overall fleet value should be borne in min&. 

I For example the value of all Boeing 707s was less than $5m at the end of 1983. 
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Table 3-7 Aircraft type adjustment factors : all prices 

Sample B727 B737 B747 L1011 DC9 MD80 DCIO 

1970 1.05 1.03 1.01 
1971 0.99 0.96 0.98 1.02 
1972 1.01 1.08 0.93 0.99 1.09 1.01 
1973 0.98 1.13 1.00 0.99 1.00 
1974 0.98 1.06 0.99 1.02 0.97 0.97 
1975 0.92 0.86 0.91 0.99 0.97 0.97 
1976 0.97 0.81 0.92 0.98 0.96 1.12 
1977 0.99 1.02 1.01 0.97 0.96 0.99 
1978 0.99 0.93 1.11 1.02 1.03 1.06 
1979 0.99 0.95 1.02 0.93 1.00 1.02 
1980 1.07 0.99 1.07 0.99 1.06 0.87 1.02 
1981 1.10 1.05 1.16 1.01 1.03 0.95 0.94 
1982 1.07 1.05 1.04 1.09 1.02 1.05 0.85 
1983 0.88 1.04 0.97 1.02 1.00 1.06 1.01 
1984 0.90 0.98 0.97 1.06 0.94 0.95 1.05 
1985 0.98 1.05 0.97 1.01 0.92 0.97 1.04 
1986 1.10 0.96 0.98 0.94 1.01 1.01 0.96 

Table 3-8 Aircraft type adjustment factors : new and used prices 

Sample A300 B757 B767 BAC B707 B720 DC8 

1970 1.42 1.08 0.88 
1971 0.99 0.94 0.93 1.24 
1972 1.00 0.89 0.96 0.95 
1973 1.03 0.99 1.03 0.98 
1974 1.22 1.12 1.04 0.99 
1975 0.96 1.05 1.33 0.90 
1976 0.94 0.83 0.86 

1977 0.98 0.85 1.09 0.91 0.99 

1978 1.05 1.13 0.98 1.20 

1979 1.04 1.28 1.41 1.44 

1980 0.96 0.93 0.89 1.17 1.44 

1981 0.95 1.25 0.80 1.03 

1982 1.03 0.94 1.00 1.25 0.80 

1983 1.02 0.99 0.99 1.06 0.94 0.76 

1984 1.03 1.08 0.99 1.08 3.49 1.11 

1985 1.01 0.99 1.00 0.95 1.26 

1986 0.95 1.00 1.00 
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3.9 Model Values for Representative Aircraft 

Table 3-9 Representative model values (in $m) : new aircraft 

Nfid B727 B737 B757 DC9 MD80 A300 B747 B767 LIOII 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

6.8 
7.2 
7.7 
8.2 
9.5 

10.3 
11.0 
11.9 
13.8 
15.5 

6.0 
6.7 
8.2 
8.1 
9.2 

10.5 
12.4 
13.9 
15.2 
15.4 
18.0 
17.4 

32.3 
35.3 
32.6 
34.7 

4.2 21.8 
4.5 22.6 
4.8 23.5 
4.9 
5.4 
6.0 
6.8 
7.5 
8.4 
8.7 

10.3 
11.1 

25.1 
24.4 
21.1 
20.4 
20.6 

35.0 
37.3 37.9 

38.9 
41.7 

17.0 
18.3 
19.8 
20.6 
22.3 
23.2 
25.2 
27.0 
31.4 
33.8 
39.6 

DCIO 

17.4 
18.9 
19.8 
21.5 
27.3 
26.8 
31.1 
32.7 
35.6 
40.7 

This section represents a diversion away from valuing airline fleets, by instead looking 

at the imputed values from the model for representative aircraft. These values chosen are 

for a new aircraft (estimated using new prices only) and for an "oldest" aircraft (the 

earliest vintage, growing older over time and estimated using used prices only). The 

complete model values are shown as Tables 3-9 and 3-10'. The representative values 

given are assumed to be for bulk transactions and to occur at the middle of the year. 

3Using combined new and used prices for model estimation has only a small effect 
on the values given here. 
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Table 3-10 Representative model values (in $m) : oldest aircraft 

Mid BAC B707 B720 DC8 B727 B737 DC9 B747 LIOII D-CIO 

1970 
1971 1.5 4.7 0.7 
1972 1.4 4.1 1.6 0.5 
1973 1.3 4.3 1.5 0.5 
1974 1.6 4.6 1.3 0.4 
1975 1.2 4.0 1.6 0.4 
1976 1.3 3.3 0.9 0.3 
1977 1.1 3.5 1.0 0.3 
1978 1.3 3.4 0.3 
1979 1.3 3.4 0.3 
1980 1.3 2.0 0.2 
1981 1.8 
1982 1.6 
1983 1.8 
1984 1.9 
1985 1.8 
1986 

1.8 
2.2 
2.2 2.8 
2.1 3.4 3.8 
2.9 3.5 3.6 17.4 
2.5 2.8 3.9 16.8 14.5 
2.4 3.1 3.8 18.0 13.5 
3.0 4.2 3.8 18.4 14.3 
3.1 4.9 4.3 20.1 17.3 
3.2 4.9 4.7 19.5 14.3 
3.0 5.2 5.1 25.8 12.8 
2.8 5.7 4.9 22.1 13.8 14.9 
2.3 6.0 4.4 19.0 13.5 13.2 
2.3 6.0 5.0 18.1 13.4 17.6 
2.2 6.5 5.1 17.6 18.3 

7.3 5.2 18.9 
5.7 18.8 
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3.10 Asset Price Inflation from Representative Aircraft Values 

On average, a typical new aircraft (based on imputed mid-year Boeing 737 prices, from 

1974-86) had an annual compound return of 8.4% per year, compared to minus 2.0% per 

year for an oldest aircraft (a 1968 vintage Boeing 737). The return here is purely the 

capital appreciation, excluding any operating cash flows from the aircraft. 

Table 3-11 Annual compound returns (in %) : new aircraft 

Sample Model Return CPl Period 
M M 

B737 B737-200 ADV 10.1 6.7 75-86 
DCIO DCIO-10 9.8 9.1 72-81 
B727 B727-200 ADV 9.6 9.1 72-81 
DC19 DC9-30 9.2 8.1 70-81 

LIOI I LIOI 1-1 8.9 8.9 72-82 

MD80 MD-82 -4.5 2.9 82-86 

When the same analysis is carried out at the type level, the different types behave 

in a relatively uniform fashion (as illustrated in Table 3-11). Five new aircraft types have 

annual compound returns between 8.9 % and 10.1 %, with the exception being the MD80 

return of minus 4.5 %. This occurred over the period 1982-86, when the MD80 price was 

lowered in order to gain orders from the B737. 

Oldest aircraft returns (see Table 3-12) for individual types cluster a few 

percentage points either side of zero. This in large part reflects the counter-balancing of 

two important influences on aircraft value - inflation will increase nominal value, whereas 

concurrently aircraft ageing will reduce value. The strength of the used B737 is shown 

by the highest return of 7.6 %, while the worst types (with negative return s between 8.9 % 

and 15.6%) were those ancient aircraft that suffered at the time of the second oil shock 
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Table 3-12 Annual compound returns (in %) : oldest aircraft 

Sample Model Return CPI Period 
M M 

B737 B737-200 7.6 7.6 72-85 
DCIO DCIO-10 4.9 3.6 81-86 
DC9 DC9-30 3.2 7.3 73-86 
B727 B727-100 1.6 7.3 70-84 
BAC BAC 111-200 1.6 7.3 71-85 

B747 B747-100 0.1 7.8 74-84 
LIOII LIOI 1-1 -0.9 8.0 75-83 

B707 B707-320C -8.9 8.3 71-80 
DC8 DC8-20 -12.0 8.3 71-80 

B720 B720B -15.6 6.6 70-77 

in 1979-80. The impact of the first oil shock (in 1973-4) can be seen in the representative 

model values for oldest aircraft, given earlier. All aircraft types (apart from the Douglas 

DC9) fell in value in 1975, and only two types (the Boeing 737 and 747) increased in 

value in 1976. There were big jumps in value for the short/medium range Boeing 727 and 

737 in 1977, and for the high-capacity Boeing 747 and Lockheed Tristar in the following 

year. The oldest Boeing 747 declined steadily in value after 1980, as industry passenger 

levels fell after the second oil shock. 

Comparisons of relative imputed prices between similar aircraft types bear out the 

good performance of the B737 in the small/medium category (against the DC9 and then 

the MD80), and the suffering of the L1011 (against both the B747 and the DC10). 
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3.11 Asset Value Inflation from Multiple Transactions 

An alternative approach to estimate price returns is instead to obtain a sample of prices 

over time for multiple transactions of the same or a very similar asset in an attempt to 

circumvent the measurement of quality characteristics. 

Bailey, Muth & Norse (1963) calculated a price index based on a sample of prices 

of the same properties at different times. 

Stein (1977) assumed that paintings offered at auction were randomly and 

independently sampled from an underlying fixed stock of auctionable paintings. 

Taylor (1983) assumed that the observed returns on stamps consisted of an 

underlying quality-adjusted random walk log-price signal together with a noise process 

attributed to the stochastic change in quality between auctions. 

However assets such as paintings and stamps are not subject to deterioration over 

time and do not produce income. Aircraft, even with maintenance, have a limited 

expected life and their capital value comes from a stream of expected operating cash 

flows that changes over time. Properties differ also from aircraft in that their underlying 

quality characteristics (for instance, location or attractiveness) change only slowly over 

time. 

From my collection of aircraft price observations, I have chosen all instances 

where the same aircraft has been traded at least twice during the period (378 different 

aircraft). After eliminating transactions involving leases, likely to have a significant 

impact on price, I was left with a sample of 216 aircraft. The 127 aircraft with new 

prices accounted for 88 % of initial prices by value. Before I continue it is wise to put the 

nature of the sample into perspective by describing the clustering and correlation of 
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transactions. For instance, in 1973 Braniff and Delta bought 25 new Boeing 727-200 

Advs with 11 being sold in 1980 and the remaining 14 in 1984. Hence the results that 

follow should probably be treated as illustrative rather than definitive. 

Same p I ane trades 
AII trades Cexcept I cmae des I r. ) 
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F0 igure 3-1 Range of aircraft returns by type 

The sample had a value-weighted annual compound return of minus 2.8 %, with 

new aircraft losing more (minus 3.2 %) than used aircraft (plus 0.6 %). Figure 3-1 divides 

the returns by aircraft type'. The highest negative returns come from the earliest jets, 

sold used in 1972/73 for up to $lm and resold for scrap only a few years later after the 

first oil price shock. The remainder of the returns are clustered generally in the range 

(minus 10%, plus 10%), with the B737 (type 6) and DC9 (type 12) having the best 

returns. Excluding the earliest jets, there is no distinct pattern between the returns and 

4 The aircraft types are ordered alphabetically by manufacturer and then type number. 
The Boeing types start with the B707 (type 3) and end with the B767 (type 9). The 
McDonnell Douglas types start with the DC 8 (type 11) and end with the DC 10 (type 14). 
The profiles at the end of this chapter are in type order. 
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aircraft initial age, aircraft vintage or aircraft holding period. 
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F0 igure 3-2 Range of aircraft returns by initial cost 

Figure 3-2 plots the returns against aircraft initial cost, showing the greater 

variation in returns for aircraft with the lowest initial costs. The predominantly negative 

returns for aircraft with an initial cost above $30m refer to widebody jets bought new 

between 1977-81 and resold during the period 1984-86. 
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3.12 Asset Price Variability from Representative Aircraft Values 

The final stage is to see how much we can learn about the variability of aircraft prices 

by looking at the annual returns for the values of representative new and oldest aircraft. 

This is another area where there is little previous work. Hoag's (1980) valuation function 

gives an annualised standard deviation of 17% for industrial property returns, while 

Stein's price indices of returns on paintings had a standard deviation of around 31 %. 

Representative model values 
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0 Figure 3-3 Impact of within-year adjustment 

The aggregation of data by time (and aircraft age) in my Box-Cox model results 

in a smoothed path for the value of a particular aircraft over time. I have attempted to 

break up the predictability of this pattern by adopting the within-year adjustment factor 

to capture some of the inherent aircraft price volatility. Without adjustment, the value 

given by my model will change in a smooth fashion over time. The adjustment allows 

there to be a value jump at the end of each year, where the magnitude of the value 
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change depends on the difference between the adjustment factors for the two years. The 

impact of this adjustment on model values for a representative oldest B727 (vintage 1972) 

is illustrated in Figure 3-3, where the continuous line represents the initial model value 

and the sequence of symbols represents the adjusted value. Prior to the within-year 

adjustment the representative values display positive serial correlation. 

Table 3-13 Reliability indexes for aircraft types 

Sample Reliability Indexes 

Mean Bias Global Bias Within Year 
Unadjusted Adjustment Adjustment 

All - B727 1.124 1.110 1.029 
All - B737 1.034 1.028 1.053 
All - B747 1.112 1.094 1.029 
All - L1011 1.060 1.055 1.052 
All - DC9 1.071 1.063 1.032 

AH - NM80 1.561 1.547 1.055 
All - DC10 1.033 1.027 0.995 

New -A300 1.037 1.036 1.014 
New - B757 4.769 4.740 2.740 
New - B767 2.243 2.356 1.931 

Used - BACI I1 1.132 1.115 1.026 

Used - B707 1.160 1.108 1.124 
Used - B720 1.051 1.019 1.012 

Used - DC8 1.021 0.985 0.973 

Even after the within-year adjustment the variance of values generated by my 

model is in nearly all cases less than the variance of the observed sample prices (indicated 

by reliability indexes greater than 1). This is true for all aircraft types, apart from the 

DC8 and DC10, and is confirmed by the reliability indexes given as Table 3-13. The 

reliability index is calculated as the variance of the true variable divided by the variance 

of the indicator (in this case, the model values). The table also shows that the bias 

adjustments serve to narrow the difference between the variances of the sample prices and 
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the model values. 

Some of the variability in observed prices may be due to quality differences rather 

than true variability in aircraft prices. As an extreme example, Taylor's portfolio of 

stamps had a standard deviation of 57.1 % on observed prices, but only 5.3 % on quality 

adjusted prices. The differences in aircraft quality are likely to be far smaller than this, 

given that the FAA enforces a high level of maintenance requirements to ensure air- 

worthiness and safety. However there will be some differences in used aircraft condition, 

depending for instance on the length of time remaining to the next major service. Another 

possible cause is where, as with my data, the observed prices contain a high proportion 

of bulk deals and thus the prices reflect the average quality of the bundle of aircraft, and 

here the observed prices will have a variability that underestimates the true variability of 

individual aircraft prices. 

The variability estimates have been calculated on mid-year prices because, after 

the within-year adjustment, the monthly model prices within each year display a trend and 

negligible variation. For instance, prior to the within-year adjustment, the sample 

annualised. variability of returns for representative new aircraft ranged only from 0.1 % 

(MD-82) to 2.9% (B737-200A). After adjustment, the range was between 3.7% (B727- 

200A) and 9.1 % (B757-200) - the complete figures are given in Table 3-14. 

The corresponding figures for representative oldest aircraft, before adjustment, 

were from 0.4 % (B737-200) to 11.4 % (B727- 100). Post adj ustment, the variability range 

had risen to between 7.2% (DC9-30) and 25.7% (B720 B) - the complete figures are 

given in Table 3-15. 

Broadly speaking the within-year adjustment increased standard deviations by a 

factor of more than three. The average of six new aircraft types went up from 1.7% to 
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5.5 %, while for ten oldest aircraft types the rise was from 4.3 % to 14.4 %. 

Working (1960) shows how the use of averages in a random chain dampens 

variance and induces spurious positive autocorrelation. He finds that the variance of first 

differences between averages over successive segments of a random chain approximates 

only two-thirds of the variance of first differences between correspondingly positioned 

terms in the chain. Although my model is deterministic one might argue that the 

underlying asset price should follow a random walk and therefore I quote also Working- 

adjusted variabilities. For these the original sample variabilities are multiplied by the 

square root of 1.495 (representing 3m' / 1+2M2, with m= 12, since I have taken annual 

values from a monthly price series). 

Table 3-14 Variability estimates for new aircraft (annualised) 

Sample Model Pre-Adj Post-Adj Working 

B727 
DC9 
LIOI I 
MD80 
DCIO 
B737 

B727-200 Adv 2.2% 3.7% 4.5% 
DC9-30 1.8% 4.0% 4.9% 
L1011-1 1.6% 4.0% 4.9% 
MD-82 0.1% 6.7% 8.2% 
DC10-10 1.5% 7.3% 9.0% 
B737-200 Adv 2.9% 7.5% 9.2% 

The variability estimates for representative new aircraft are, with one exception, 

lower than those for representative oldest aircraft but they are also somewhat impractical 

since they use values for an asset that is new each year. The estimates for oldest aircraft 

variability do consider the same asset over time and suggest that representative aircraft 

variability has a range from 10-20%, varying with aircraft type. Estimated value return 

variabilities for an aircraft type considered as a single portfolio are given in section 3.15. 
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Table 3-15 Variability estimates for oldest aircraft (annualised) 

Sample Model Pre-Adj Post-Adj Working 

D, C9 DC9-30 0.3% 7.2% 8.9% 
LIOI I LIOII-I 2.0% 11.9% 14.5% 
B737 B737-200 0.4% 12.1% 14.8% 
DC8 DC8-20 8.0% 12.2% 14.9% 
B747 B747-100 2.9% 12.6% 15.4% 
B727 B727-100 11.4% 13.5% 16.5% 
DCIO DCIO-10 1.1% 14.8% 18.1% 
BAC BAC 111-200 4.5% 15.6% 19.1% 

B707 B707-320 C 3.6% 18.8% 23.0% 
B720 B720 B 9.1% 25.7% 31.4% 
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3.13 Aggregation by Aircraft Age 

The last topic to consider regarding aggregation is whether each of the seven types that 

have both new and used trades (these types represent 73 % of aircraft price observations 

and 80% by value) should be sub-divided into separate new and used regressions. 

Since there is no clear preference based on within-sample forecasting performance 

and sample sizes are satisfactory under both methods, the deciding factor is fleet 

valuation. There are three distinct grounds for aggregating new and used trades. 

First, there is no discontinuity between the markets for new and used aircraft, 

although the major US airlines have played different roles in each market. The major 

airlines buy new aircraft both for expansion (the US airline fleet has grown from 2,080 

to 3,449 aircraft during the 1970-86 period) and for modernisation. In the latter case the 

major airlines sell, say, 15 year old aircraft, generally to international airlines (outside 

the US and Europe) and US charter operators. During the 1970s major airlines never 

considered buying used aircraft, mainly wishing to fly the newest aircraft but partly 

because the supply of relatively up-to-date used aircraft outside the US was limited. The 

first change occurred when, following de-regulation, start-up airlines such as People 

1Q, v Express and Midway prospered with used aircraft (7-12 year old B737s and DC9-30s, 

that were not technologically out-dated). By the mid 1980s even large airlines such as 

American and United had made substantial used aircraft purchases for the first time. 

Second, separating the used data leads to practical difficulties in fleet valuation. 

The paucity of nearly-new trades (only 21 observations under three years old and 141 

observations under five years old) is confirmed by Table 3-16. In addition, the first used 

trades will normally only start 4-7 years after the commencement of new aircraft 
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Table 3-16 Sample used prices by age 

Age Prices Cum. share (%) 

0 1 0.1 
1 4 0.3 
2 16 1.1 
3 44 3.4 
4 76 7.5 
5 72 11.3 
6 85 15.8 
7 126 22.4 
8 92 27.3 
9 115 33.4 
10 144 41.0 
11 189 51.0 
12 165 59.7 
13 107 65.4 
14 154 73.5 
15 148 81.4 
16 90 86.1 
17 106 91.7 
18 88 96.4 
19 44 98.7 
20 16 99.6 
21 7 99.9 
22 99.9 
23 99.9 
24 1 100.0 

Total 1,890 

production. Thus the use of only used prices to value nearly-new fleets will involve 

extrapolation both of aircraft age and calendar time. 

Last, the combination of new and used aircraft prices has an average age that is 

closer, to the average fleet age, than that of used trades separately. Table 3-17 compares 

the average ages, showing that the age for the combined new and used dataset is nearer 

to that of the fleet for 13 of the 17 years up to 1986. 

For the valuation of a typical aircraft, whose age will be between that of the new 

trade and the typical used trade, the advantage is gained from combining new and used 

aircraft prices. (Of the 14 types, seven have both new and used trades, four have only 

104 



Table 3-17 Average age of sample prices by year 

Year Fleet All prices Used prices 

1970 4.2 2.0 8.5 
1971 4.9 5.9 9.7 
1972 5.5 4.4 7.1 
1973 6.2 4.5 8.5 
1974 6.7 5.1 8.8 
1975 7.3 5.5 9.5 
1976 7.9 7.0 11.4 
1977 8.6 6.9 11.4 
1978 8.9 6.8 12.6 
1979 9.1 4.3 12.6 
1980 9.3 4.9 11.7 
1981 9.8 8.0 12.9 
1982 10.1 9.3 15.2 
1983 10.3 8.1 14.2 
1984 10.6 9.6 13.3 
1985 10.8 6.4 11.2 
1986 11.0 7.2 14.1 

used trades and the remaining three have only new trades). The Box-Cox framework has 

been chosen because it allows data to be aggregated both in a cross-section (aircraft of 

different types and ages) and in a time series (trades in different years). 
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3.14 Impact of Dummy Variables 

The most prevalent dummy variable is for bulk (defined as five aircraft or more) 

transactions, accounting for 78 % of all trades (89 % of new prices, and 69 % of used 

prices). Among the new trades 20 % were acquired under leases. For the used trades, 

12 % were scrap or stored, lease buyouts and sale-and-leasebacks each accounted for 10 % 

and sales to operating lessees represented only 4 %. Table 3-18 divides the number of 

dummy variable observations by aircraft type. 

Table 3-18 Dummy variable observations by aircraft type 

Sample bulk scrap slback lbuyout oplessee newlease 

All 2,638 217 180 194 84 301 

All - B727 883 15 25 82 17 89 

All - B737 317 63 3 4 82 

All - B747 124 4 8 9 2 11 

All - L101 1 104 2 3 2 

All - DC9 308 5 47 74 7 32 

All - MD80 145 17 47 

All - DCIO 156 2 15 7 8 

New -A300 48 22 

New - B757 63 8 

New - B767 57 

Used - BAC 38 1 2 18 

Used - B707 167 104 19 

Used - B720 82 33 1 

Used - DC8 146 53 3 17 13 

Given my use of the Box-Cox model, the impact of a dummy variable coefficient 

value by itself on aircraft value is difficult to generalise. The relative influence of a 

particular dummy variable will depend on (1) the value of b3compared to the rest of the 
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prd formula (as given in equation 3-8 of section 3.17)' and (2) the value of X0. 

For this reason, I have chosen to compute the dummy variable impacts for a 

typical aircraft type/model, with mean age and traded at the mid-point of the dataset, and 

these are given in Table 3-19. 

Table 3-19 Impact of dummy variables on aircraft value (base value = 100) 

Sample bulk scrap slback lbuyout oplessee newlease 

All 91 61 118 105 95 106 
New 98 103 
Used 86 53 127 107 94 

All - B727 94 73 108 96 97 96 
All - B737 100 89 92 91 104 
All - B747 96 69 133 88 76 107 
All - L1011 98 103 94 102 
All - DC9 99 110 99 81 97 96 
All - MD80 94 92 113 
All - DCIO 92 92 92 91 93 

New- A300 95 101 
New -B757 100 100 
New - B767 101 

Used - BAC 87 83 74 58 
Used - B707 107 91 80 
Used - B720 83 98 113 
Used - DC8 84 61 163 63 90 

When the data was considered at the highest levels (all, new or used), nearly all 

the dummy variable coefficients were significant at the 95 % level. The exceptions were 

sales to operating lessees (for all and used datasets) and bulk deals (for the new dataset). 

For used aircraft (using the Boeing 737 as a representative-type), as expected, the 

negative impacts of scrap trades (53% of ordinary price), bulk deals (86%) and sales to 

operating lessees (94 %) were confirmed. The positive influences on price were sale and 

5This will vary as both aircraft age and time change, and will also vary between 
different types/models. 
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leaseback transactions (127%) and lease buyouts (107%). 

New aircraft leasing had a small positive effect (103 %), but discounts for new 

bulk deals were not significant. 

Caution has to be used when examining the influence of dummy variables for 

individual aircraft types since, partly due to the relatively few unusual transactions in 

some cases, there are only a handful of significant coefficients. The Boeing 727 had 

significant coefficients for bulk deals (94 % of normal price) and scrap trades (73 

along with the Douglas DC8 for lease buyouts (63 %) and the Boeing 707 for sales to 

operating lessees (80%). There was broad agreement between the different aircraft types 

as to the signs of dummy variable coefficients, although one surprise was that while lease 

buyouts at the overall level had a positive influence on price, all the individual types had 

a negative influence. 
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3.15 Aircraft Types as Asset Portfolios 

So far, this chapter has concentrated on the estimated model values for individual aircraft 

with particular emphasis on new aircraft and representative oldest aircraft. The new 

aircraft doesn't age over time whereas the oldest ages uniformly over time. However my 

ultimate target is the valuation of aircraft fleets, and these will have an age profile that 

lies between new and oldest. The precise position of the age profile depends on the 

production history of each aircraft type. When an aircraft type has only been in 

production a short time, the fleet will be close to new. As the years go by the age profile 

of the fleet will change, varying with the number of existing aircraft and the rate of 

production of new aircraft. The cessation of new Production will mean that the age 

profile will reflect only the existing fleet and, in due course, will be further altered by 

aircraft being retired or scrapped. For example in 1970 the Boeing 747 was a new 

aircraft type, the Boeing 727 was well-established and still in production, while the 

Boeing 707 was out of production and soon to be phased out. 

What we would like to do is see how the value of a portfolio of aircraft, say 

Boeing 727s, changes over time. But as the previous paragraph has pointed out the 

constitution of a particular aircraft fleet will change over time as new aircraft are 

produced and old aircraft are retired. Therefore I have instead used my valuation model 

to value a particular fleet at the end of one year and then again, the same aircraft though 

now a year older, at the end of the following year and this produces a sequence of annual 

capital retums. 

6 The annual holding period is the shortest that I can use since my aircraft valuation 
model incorporates an annual adjustment factor. 
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I will focus on three measures that are commonly derived for financial assets and 

here use the sequence of annual capital returns to generate estimated measures for real 

assets. I will estimate : (1) implied variability; (2) correlations between different aircraft 

types and (3) simple aircraft betas. 

Table 3-20 Variability estimates for aircraft types (annual) 

Aircraft Type Sample Std Err Estimated Variability 

B707 24.0% 26.0% 
DC8 23.7% 21.3% 
B720 23.7% 16.5% 
BAC 1-11 13.6% 15.4% 
B737 9.2% 10.3% 
DCIO 7.3% 8.7% 
B757 5.8% 7.6% 
B747 11.4% 7.2% 
B727 12.9% 6.5% 
MD80 5.3% 6.1% 
DC9 9.8% 5.4% 
A300 1.9% 5.2% 
1,1011 4.5% 5.0% 
B767 4.1% 5.0% 

Variability estimates will increase in importance with the proliferation of option- 

like contracts involving aircraft assets. In recent years manufacturers have taken top-level 

risk when selling new aircraft by providing "free" asset value guarantees. 7 For instance, 

British Airways has a series of six possible return options during its 18-year B747 

operating leases. Intermediaries also provide guarantees, known as residual value 

insurance, for an appropriate premium. Such a guarantee might cover up to 40% of an 

71 have called such guarantees free in that they have been given as part of a package 
of sales incentives without, to my knowledge, having been explicitly valued. A typical 
guarantee would be noted as a contingent liability but not provided for since it would not 
expect to be invoked by the purchaser given the manufacturer's forecast of future asset 
values. 
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aircraft's current dollar value at a date ten years hence, with a premium of around 5% 

of the aircraft's guaranteed value. 

The estimated variabilities are given in Table 3-20 and range from 26% for the 

B707 to 5% for the B767. Apart from the first four types (which are also the four oldest 

types by fleet age, and include three types with negative mean returns) the variabilities 

are modest. The estimated annual variability for the fleet of all aircraft types is 3.4%, 

contrasted with 16.7% for the S&P 500 over the same years (1970-86). 

Table 3-21 Correlation matrix for aircraft type returns 

A300 -0.2 1.0 
BAC 0.2 -0.1 1.0 

B707 0.4 0.6 -0.4 1.0 
B720 0.4 0.7 -0.1 1.0 
B727 0.6 -0.4 0.0 0.5 0.3 1.0 
B737 0.2 -0.2 -0.2 0.2 0.1 0.2 1.0 
B747 0.4 -0.1 0.5 -0.1 0.6 0.3 0.3 1.0 
L111 0.4 0.4 0.1 -0.2 0.5 0.2 0.0 0.3 1.0 
DC8 0.5 0.3 -0.3 0.7 -0.1 0.0 0.1 -0.1 -0.1 1.0 
DC9 0.1 -0.2 0.1 -0.2 -0.1 0.4 -0.1 0.2 0.2 -0.4 1.0 

MD80 -0.1 0.2 0.0 0.0 0.4 -0.2 0.0 0.0 0.4 1.0 
DCIO 0.0 0.0 0.3 -0.6 0.4 -0.4 -0.4 0.0 0.0 0.2 0.0 -0.6 1.0 

ALL A300 BAC B707 B720 B727 B737 B747 L111 DC8 DC9 MD80 DCIO 

The correlations between annual returns on different aircraft types, Table 3-21, 

are rarely very high. A typical range is that for the Boeing 737 - from -0.4 (DCIO) to 

0.4 (MD80). The same is true for correlations between individual aircraft type returns 

and the fleet as a whole - with a range from -0.2 (A300) to 0.6 (B727). There are also 

specific examples where the signs of the correlations confirm prior expectations : the 

Boeing 707 has a correlation of 0.7 with the DC8 (its equivalent 1950s type) and a 

correlation of -0.6 with the DCIO (a 1970s competitor). 

In view of the low estimated variabilities, it should come as no surprise that the 
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estimated beta estimates I find for aircraft types are close to zero and, in nearly all cases, 

insignificant at the 95 % level. The total fleet has a beta of -0.04 , and betas for individual 

aircraft types range from 0.18 (DCIO) to -0.57 (B707). The betas were estimated from 

end December values with between 5 and 16 annual observations, and are unadjusted! 

An alternative approach to adjusting model values might instead combine the 

initial asset variability with some measure reflecting the variability of price errors 

(defined as the difference between the sample fitted and actual prices) in the samples used 

to derive model values. For instance the column labelled sample std eff gives the 

standard deviation of price errors as a percentage of sample mean price for each of the 

type regressions. One caveat to this approach would be that part of the difference 

between actual prices and fitted model values is due to aircraft quality differences, which 

I have not attempted to quantify. Any underestimate of true asset variability may 

attenuate the magnitude of my estimated asset betas. 

I one could argue that my choice of December is arbitrary given that my aircraft 
valuation model adjustment covers the whole year. Changing the estimation month to 
March, June or September did not alter the overall conclusions regarding the magnitude 
and significance of the aircraft beta estimates. 
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3.16 Conclusion 

This chapter has sought to determine how best to use the aircraft price data in order to 

value airline fleets. The data was subdivided into 14 sets, by aircraft type with dummy 

variables for individual aircraft models, each set combining new and used prices, where 

possible. This division gives good within-sample forecasting performance as well as 

providing the flexibility necessary to cope with aircraft model heterogeneity in airline 

fleets. 

Representative prices were generated from my pricing model both for new and 

"oldest" aircraft. The variabilities for individual aircraft types ranged from 26% for the 

B707 down to 5% for the B767. Most " surviving " aircraft types have variabilities of 10 % 

or under. The correlation between returns of different aircraft types are relatively low, 

and this results in beta estimates that are close to zero. 

The next step will be to use the aircraft prices derived in this paper to value the 

U. S. airlines, and hence to trace the development of airline economic rents since 1970. 
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3.17 Description of Summary Statistics 

The fitted values are compared to the actual prices using four summary statistics that are 

based on standard symmetric loss functions: the mean error (ME), the mean absolute 

error (MAE), the root mean square error (RMSE) and the U, statistic. In order to judge 

across data samples with different mean prices the ME, MAE and RMSE are expressed 

as percentages of mean actual prices. Their definitions are: 

1n 
PME = 1: (Ft -At) 

n t=l 

1 (3-2) PMAE =EI Ft -A, At 
nj 

n 
PRMSE (Ft-At)2 12 /At (3-3) 

n =, 

where A, denotes the actual price of aircraft t, F, the fitted value and there are n 

observations. 
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Theil's U, statistic is defined as: 

nI 

U, MSE /1E At 2P (3-4) 
n t=l 

where 

1n 
MSE =E (F 

t -A t 
)2 

n t=l 

My model takes the form 

(3-5) 

price E)`ý 
- bo + b, *age [x I] + b2*time 

1121 (3-6) 

with dummies for different models (in a type regression) and for special trades (such as 

bulk transactions). 

The Box-Cox transform is defined as follows: 

1 
-1 1: 00 

= In x, l=O 
(3-7) 

Model values are derived from the Box-Cox regression coefficients in the following two- 

stage process 

prd = bo + b, *age ['xl] + b2*time 
1121 

+ b3*dummy 
1 (3-8) 

price 1+ Xo*prd ] Ao 
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3.18 Introduction to Aircraft Type Profiles 

The sections that follow provide additional information, both descriptive and tabular, on 

each of the 14 major aircraft types specifically included in my valuation model. 

Each section starts with a condensed profile including the number of aircraft 

produced, their relative importance in US airline fleets, comments on the age profile over 

time and their share of overall fleet value. 

There then follow four tables that outline an annual history of the aircraft type. 

The first table breaks the aircraft type by ownership status (whether owned, 

capital or operating leased), together with the mean age and oldest aircraft in my universe 

of US airlines. 

The second table allows one to trace how long aircraft of a certain vintage have 

remained in US fleets, by following an individual row for a particular vintage from left 

to right. The leading diagonal shows the number of new deliveries each year. 

The third table ranks the airlines by the number of that particular aircraft type in 

their fleets. 

The fourth table gives the impact of using different valuation approaches in 

comparison to the chosen type valuation method, as well as indicating the premium for 

non-bulk transactions (dbO/dbl). 
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3.19 Aircraft Type 1 Profile - Airbus A300 

The widebody Airbus A300 entered airline service in May 1974 and, by the end of 
December 1986,268 aircraft had been delivered (of which only 18% were delivered to 
US customers). 

It was introduced to the US by Eastern (the first US customer for Airbus) and 
subsequently joined in 1984 by Pan Am, resulting in a total US fleet of 52 aircraft by the 

end of the period (2 % of the US fleet). At the end of the period capital leases accounted 
for 22 % of A300s, and operating leases for a further 24 % of the fleet. 

The initial A300-B2 model was designed to operate on short/medium-haul routes 
(maximum range of about 2,100 miles), was 176 ft long and had a high-density seating 
capacity of 345 passengers. The aircraft was powered by two General Electric CF6 

engines. The longer range -B4 model accounted for most of the deliveries, with 199 

aircraft. 
One of the newest fleets, with an average age of 4.8 years and a maximum age 

of 9.4 years at the end of 1986. 

In value terms the A300 has somewhat greater importance, accounting for nearly 
5% in 1986. The premium for non-bulk transactions ranged from 5-8 % over the period. 

Table 3-22 A300 fleet by status and age over time 

end aircraft ownod I-cap I-OP mean age owest 

1977 4 0 0 4 0.2 0.4 

1978 7 3 4 0 0.7 1.4 

1979 12 8 4 0 1.1 2.4 

1980 19 15 4 0 1.5 3.4 

1981 25 18 7 0 1.9 4.4 

1992 30 23 7 0 2.4 5.4 

1983 34 27 7 0 3.0 6.4 

1984 38 27 7 4 3.6 7.4 

1985 46 27 7 12 3.9 8.4 

1986 52 29 11 12 4.8 9.4 
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Table 3-23 A300 fleet vintage numbers over time 

o3d 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 as 86 

viniage 
1977 4444 4 4 4 4 4 4 
1978 333 3 3 3 3 3 3 
1979 55 5 5 5 5 5 5 
1980 7 7 7 7 7 7 8 
1981 6 6 6 6 6 8 
1982 5 5 5 5 5 
1983 4 4 4 4 
1984 4 4 4 
1985 8 8 
1986 3 

Table 3-24 A3W fleet numbers by airline 

end co tox pan 

1977 4 0 0 

1978 7 0 0 

1979 12 0 0 

1980 19 0 0 

1981 25 0 0 

1982 30 0 0 

1983 34 0 0 

1994 34 0 4 

1985 34 0 12 

1986 40 12 

Table 3-25 A300 fleet valuation comparisons over time 

mid t)W an all/qlr, am ann/tnx t-dbO dbO/db 1 

1978 89 100 (1.13) 97 (1-09) 96 (1.08) 

1979 164 179 (1-09) 181 (1.11) 176 (1.07) 

1980 361 432 (1.20) 401 (1.11) 385 (1.07) 

1981 464 551 (1.19) 512 (1.10) 493 (1.06) 

1982 697 712 (1.04) 672 (0-98) 728 (1.06) 

1983 849 861 (1.01) 896 (1.06) 895 (1.05) 

1984 1,001 939 (0.94) 1,099 (1.10) 1,052 (1.05) 

1985 1,438 1,365 (0.95) 1,303 (0.91) 1,508 (1.05) 

1986 1,504 1,563 (1.04) 1,259 (0.84) 1,574 (1-0-5) 
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3.20 Aircraft Type 2 Profile - BAC 1-11 

The BAC 1- 11 entered airline service in April 1965 with British United and, by the time 

production ended in July 1980,230 aircraft had been delivered (of which 29 % were 
delivered to US customers). Subsequently a handful of aircraft were manufactured in 

Romania by ROMBAC. Three US airlines acquired the type between 1965 and 1969 

(Mohawk, Braniff and American). In the mid 1970s American and Braniff sold their 

aircraft, leaving US Air (formerly Allegheny, the acquiror of Mohawk) as the sole US 

user at the end of December 1986 with 20 aircraft (under 1% of total). 

The initial BAC 111-200 model was designed to operate on short/medium-haul 

routes, was 94 ft long and had a high-density seating capacity of 89 passengers. The 

aircraft was powered by two Rolls Royce Spey engines. The -400 series had uprated 

engines and a range of 2,100-2,400 miles. 
With no new aircraft acquired since 1969, it is hardly surprising that the BAC 1- 

11 fleet has aged progressively, with the average age growing steadily to 17.6 years by 

December 1986, with the oldest aircraft exceeding 21 years of age. 
The BAC 1- 11 is almost insignificant in value terms, having fallen from 1.1 % in 

1970 to only 0.1 % in 1986. The premium for non-bulk transactions was 14 %. 
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Table 3-26 BAC I- 11 fleet by status and age over time 

cm aifcmft ownod I-P I-P mean age old"t 

1969 40 40 0 0 3.9 4.9 
1970 40 40 0 0 4.9 5.8 
1971 40 40 0 0 5.9 6.8 
1972 58 55 0 3 6.5 7.8 
1973 51 48 0 3 7.5 8.8 
1974 48 45 0 3 9.5 9.9 
1975 32 31 0 1 9.4 10.8 
1976 32 31 0 1 10.4 11.8 
1977 31 30 0 1 11.4 12.7 
1978 30 29 0 1 12.4 13.7 
1979 30 29 0 1 13.4 14.7 
1980 29 28 0 1 14.4 15.7 
1981 29 29 0 0 15.4 16.7 
1982 29 29 0 0 16.4 17.7 
1983 26 26 0 0 17.3 18.7 
1984 25 25 0 0 18.2 19.6 

1985 20 20 0 0 19.0 20.6 

1986 20 20 0 0 20.0 21.6 

Table 3-27 BAC 1- 11 fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vil"ge 
1965 14 14 14 18 18 18 17 17 16 15 15 15 15 15 12 11 6 6 

1966 26 26 26 30 23 20 5 5 5 5 5 5 5 5 5 5 5 5 

1967 0 0 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

1968 0 0 0 4 4 4 4 4 4 4 4 3 3 3 3 3 3 3 

1969 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
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Table 3-28 BAC 1- 11 fleet numbers by airline 

end MR &= bnf 

1969 0 27 13 

1970 0 27 13 

1971 0 27 13 

1972 31 26 1 

1973 31 19 1 

1974 31 16 1 

1975 31 0 1 

1976 31 0 1 

1977 31 0 0 

1978 30 0 0 

1979 30 0 0 

1980 29 0 0 

1981 29 0 0 

1982 29 0 

1993 26 0 

1994 25 0 

1995 20 0 

1986 20 0 

Table 3-29 BAC 1-11 fleet valuation comparisons over time 

n2id tyw all awqw am arm/m)e t-dbO dbO/dbl 

1970 74 53 (0.72) 74 (1.00) 84 (1.14) 

1971 65 52 (0-80) 90 (1.39) 74 (1.14) 

1972 95 81 (0.85) 96 (1.01) 109 (1.14) 

1973 88 79 (0-89) 90 (1.02) 101 (1.14) 

1974 88 69 (0.78) 29 (0.33) 101 (1.14) 

1975 62 59 (0.95) 30 (0.48) 71 (1.14) 

19r76 46 42 (0.91) 46 (1.00) 53 (1.14) 

1977 38 43 (1.12) 39 (1.02) 44 (1.14) 

1978 46 45 (0-98) 46 (1-00) 52 (1.14) 

1979 45 43 (0-95) 45 (1.00) 52 (1.14) 

1980 42 44 (1.05) 42 (1.01) 48 (1.14) 

1981 58 44 (0.75) 21 (0.36) 67 (1.14) 

1982 49 42 (0.84) 49 (1-00) 56 (1.14) 

1993 56 41 (0.74) 60 (1.08) 64 (1.14) 

1984 53 35 (0.65) 48 (0-90) 61 (1.14) 

1985 43 31 (0.71) 41 (0.94) 49 (1.14) 

1986 47 30 (0.64) 47 (1-00) 54 (1.14) 
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3.21 Aircraft Type 3 Profile - Boeing 707 

The Boeing 707, one of the first generation of jets, was launched in October 1955 with 
an initial order from Pan Am. The type entered airline service in October 1958 and, by 
the time production ended in October 1979,818 aircraft had been delivered (of which 
61 % were delivered to US customers). This included 55 AWACS. 

The US fleet contained 413 B707 aircraft in December 1969 (19% of total), 

compared to 219 of the contemporary DC8 type. 
The initial B707-120 was powered by four Pratt & Whitney JT3C turbojet 

engines. The development of a front fan version of the JT3C engine by P&W increased 

power and reduced fuel consumption. With these JT3D turbofan engines (the style of 

engine now known in popular terminology as jets) the B707-120B entered service with 
American in March 1961. 

The most important variant, encompassing -320B (all passenger) and -320C 
(convertible), was designed to operate on medium/long-haul routes (having a maximum 

range of 5,750 miles), was 152 ft long and had a high-density seating capacity of up to 
189 passengers. 

Fleet numbers fell steadily during the 1970s, due both to some replacement with 

newer B747s and the first oil price shock, with half the pre-1970 aircraft retired by the 

end of 1978. The advent of the second oil shock saw the exit of this type from major US 

airlines by 1984, with almost none surviving beyond 20 years. 
The type was used by a total of seven airlines, all majors, particularly those with 

international routes such as Pan Am and TWA. 

The 707 declined in terms of US fleet value from 24% in 1970 (behind only the 

B727) to 6% in 1978, with the three leading airlines (Pan Am, TWA and American) 

accounting for at least 75 % of the value. The premium for non-bulk transactions ranged 

from minus 7 to minus 17% over the period. 
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Table 3-30 B707 fleet by status and age over time 

end aircraft owned I-cap I-op nwan ago oldest 

1969 413 361 52 0 4.8 11.3 
1970 408 356 52 0 5.7 12.3 
l9r7l 371 320 51 0 6.3 13.3 
1972 352 305 47 0 7.2 14.3 
1973 332 285 47 0 8.2 15.3 
1974 309 263 46 0 9.1 16.3 
1975 279 235 44 0 9.9 17.2 
1976 265 223 42 0 10.9 18.2 
1977 237 195 42 0 11.8 19.2 
1978 209 167 42 0 12.5 20.2 
1979 189 130 39 0 13.2 20.8 
1980 174 136 38 0 14.0 18.8 
1981 141 103 38 0 15.1 19.8 
1962 81 49 32 0 15.6 20.6 
1983 26 15 11 0 16.7 21.0 

Table 3-31 B707 fleet vintage numbers over time 

aid 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vintage 
1958 6 6 6 6 6 6 2 2 1 1 0 0 0 0 0 
1959 55 53 33 29 29 26 21 19 15 7 5 0 0 0 0 
1960 21 20 13 11 11 10 7 8 7 7 1 0 0 0 0 
1961 6 4 3 3 3 1 1 1 1 0 0 0 0 0 0 
1962 25 25 25 25 25 24 24 24 19 19 19 19 19 4 1 
1963 17 16 13 11 11 11 9 6 6 4 4 4 3 3 1 
1964 24 24 24 23 21 17 14 12 11 11 9 8 8 5 3 
1965 31 30 29 29 23 21 21 21 20 15 11 11 7 7 2 

1966 51 51 49 46 37 32 28 27 26 25 24 22 19 10 2 

1967 79 79 77 74 72 68 63 61 53 47 46 46 29 7 4 

1968 60 60 59 56 55 55 51 48 42 38 35 30 26 21 6 

1969 38 38 38 37 37 36 36 34 34 33 33 32 28 22 7 

1970 2 2 2 2 2 2 2 2 2 2 2 2 2 0 
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Table 3-32 B707 fleet numbers by airline 

end twa amr pan nwa bnf wal Cal 

1969 120 100 122 36 17 5 13 

1970 119 100 118 36 17 5 13 

1971 105 99 107 33 10 5 12 

1972 104 98 103 30 8 5 4 

1973 104 96 100 23 4 5 0 

1974 102 93 96 13 0 5 0 

1975 99 90 75 10 0 5 0 

1976 99 88 65 8 0 5 0 

1977 99 84 47 2 0 5 0 

1979 94 74 36 0 0 5 0 

1979 86 72 26 0 0 5 0 

198D 82 67 24 0 0 1 0 

1981 81 43 17 0 0 0 

1982 46 23 12 0 0 

1983 19 1 6 0 0 

Table 3-33 B707 fleet valuation comparisons over time 

mid type an awtypc ann a-/type t-dbO dbO/dbl 

1970 1,612 1,206 (0.75) 743 (0.46) 1,515 (0.94) 

1971 1,974 1,165 (0.59) 2,091 (1.06) 1,852 (0.94) 

1972 1,644 1,096 (0.67) 1,592 (0.97) 1,539 (0.94) 

1973 1,597 1,051 (0.66) 1,680 (1.05) 1,492 (0.93) 

1974 1,556 977 (0.63) 1,632 (1.05) 1,450 (0.93) 

1975 1,230 857 (0.69) 1,468 (1.17) 1,162 (0.93) 

1976 973 800 (0.82) 9179 (1.01) 903 (0.93) 

1977 927 761 (0.82) 1,009 (1.09) 858 (0.92) 

1978 803 736 (0.92) 955 (1.19) 740 (0.92) 

1979 722 664 (0.92) 798 (1.11) 663 (0.92) 

1980 404 677 (1.67) 544 (1.35) 369 (0.91) 

1981 253 618 (2.45) 184 (0.73) 228 (0-90) 

1982 165 389 (2.36) 332 (2.01) 145 (0-88) 

1983 28 204 (7.32) 22 (0.79) 23 (0.83) 
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3.22 Aircraft Type 4 Profile - Boeing 720 

The Boeing 720, the junior brother of the B707, entered airline service with United in 

July 1960 and, by the time production ended in August 1967,154 aircraft had been 

delivered (of which 84 % were delivered to US customers). 
The B720 was of minor importance, declining from 127 aircraft (6 % of total US 

fleet) in December 1969, with all gone by 1980. 

Like the B707 the initial model was powered by four Pratt & Whitney JT3C 

turbojet engines. The B720B with JT3D turbofan engines was the more popular with 89 

delivered. The type was designed to operate on medium-haul routes (having a maximum 

range of 3,700 miles), was 137 ft long and had a high-density seating capacity of up to 

165 passengers. 
Fleet numbers declined rapidly with two-thirds of the pre-1970 aircraft retired by 

the end of 1974, and no aircraft survived beyond 16 years of age. 

The type was used by a total of eight airlines, all majors, with Western and 

United the most important. 

The B720 started in terms of US fleet value at 3.4 % in 1970 and fell below I% 

by 1973. The premium for non-bulk transactions ranged up to 7% over the period. 
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Table 3-34 B720 fleet by status and age over time 

end aircraft ownod I-P I-P mean age oldeat 

1969 127 127 0 0 7.7 10.0 
1970 its 115 0 0 9.6 11.0 
1971 106 106 0 0 9.5 12.0 

1972 89 89 0 0 10.4 13.0 
1973 65 65 0 0 11.1 13.9 

1974 42 42 0 0 12.0 14.9 

1975 44 44 0 0 13.0 15.9 

1976 20 20 0 0 12.4 15.9 

1977 15 15 0 0 13.2 16.5 

19n 8 8 0 0 12.6 16.4 

1979 1 1 0 0 12.6 12.6 

Table 3-35 B720 fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vintw 
1960 23 23 20 18 14 12 11 0 0 0 0 

1961 52 42 37 27 15 7 8 3 2 0 0 

1962 23 21 21 18 11 6 8 4 3 1 0 

1963 6 6 6 5 4 3 3 2 2 0 0 

1964 6 6 6 5 5 1 1 0 0 0 0 

1965 6 6 6 6 6 3 3 3 1 1 0 

1966 6 6 6 6 6 6 6 4 3 2 0 

1967 5 5 4 4 4 4 4 4 4 4 1 
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Table 3-36 B720 fleet numbers by airline 

ow wal Ual amf nwa MI pm bnf Cal 

1969 29 29 22 16 8 9 5 9 
1970 29 29 19 16 8 9 5 0 
1971 28 29 13 14 8 9 5 0 
1972 28 29 8 5 8 6 5 0 
1973 25 21 7 2 7 3 0 0 
1974 18 15 4 0 5 0 0 0 
1975 18 15 2 0 5 4 0 0 
1976 18 0 0 0 0 2 0 0 
1977 15 0 0 0 0 0 0 0 
1978 8 0 0 0 0 0 0 0 
1979 1 0 0 0 0 0 0 0 

Table 3-37 B720 fleet valuation comparisons over time 

mid M- all anltyw ann &-/t)W t-dbO dbO/dbl 

1970 226 135 (0-60) 221 (0-99) 235 (1.04) 

1971 148 125 (0.84) 314 (2.12) 154 (1.04) 

1972 90 108 (1.20) 166 (1.85) 95 (1-06) 

1973 65 95 (1.48) 93 (1.45) 69 (1-06) 

1974 60 69 (1.16) 54 (0-90) 61 (1.03) 

1 9r75 29 52 (1.79) 160 (5.50) 31 (1.07) 

1976 22 34 (1.57) 25 (1.16) 22 (1.02) 

1977 20 30 (1.47) 15 (0.71) 20 (1.00) 

1978 13 22 (1.68) 21 (1.58) 13 (1-00) 

1979 6 15 (2.57) 9 (1.52) 6 (1-00) 
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3.23 Aircraft Type 5 Prorile - Boeing 727 

The Boeing 727 was launched in December 1960 with initial orders from Eastern and 
United. The type entered airline service in February 1964 and, by the time production 

ended in September 1984,1,832 aircraft had been manufactured (of which 71% were 
delivered to US customers). The 727 formed the mainstay of US domestic fleets 

throughout the period, growing from 589 aircraft in December 1969 (28% of total US 

fleet) to 947 aircraft in December 1986 (34%). At the end of the period capital leases 

accounted for 14% of 727s, and operating leases for a further 10% of the fleet. Its main 

rival was the Douglas DC9. 

The initial 727-100 model was designed to operate on short/medium-haul routes 

(stage lengths of up to 1,700 miles), was 133 ft long and had a high-density capacity of 
125 passengers. The aircraft was powered by three Pratt & Whitney JT8D engines. The 

most important variant was the 727-200, introduced in December 1967 (and the 

subsequent 200 Advanced model from July 1972) with a longer fuselage and holding up 

to 189 people. 
As one of the newer types at the beginning of the period (with an average age of 

2.9 years) the 727 survived well during regulation (the 1978 fleet numbers within my 

airline universe were 95% of those for 1969, while the corresponding 1986 figure was 

61 %), but the fuel cost increases in the early 1980s then saw the exit of the majority of 

the 727- 100 models. The tailing-off of new aircraft deliveries to airlines at the same time 

has seen the average age of remaining 727s grow steadily to 13.6 years by December 

1986, with the oldest aircraft exceeding 23 years of age. 

The popularity of the 727 is confirmed by the fact that 12 of the 19 airlines in 

1969 flew the type, and 9 of the 13 airlines did so in 1986. The 727 was flown by all the 

major airlines with five airlines having more than 100 aircraft at one time. 

The 727 remains the dominant aircraft type in value terms, though less so than 

in volume terms. Over the whole period the 727 had an overall share of 29% by fleet 

value, with a low of 21 % in 1986 and a high of 39 % in 198 1. In 1970 the leading three 

airlines (United, American and Eastern) accounted for 45 % of 727 fleet value and in 

1986 the same three airlines accounted for 47 % of fleet value. The premium for non-bulk 

transactions ranged from 8-12% over the period. 
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Table 3-38 B727 fleet by status and age over time 

end aircraft owmd I-cap I-op nv4m age okkat 

1969 589 440 149 0 2.9 6.2 

1970 626 465 161 0 3.7 7.2 

1971 634 470 163 1 4.7 8.2 

1972 675 491 183 1 5.5 9.2 

1973 728 547 180 1 6.0 10.2 

1974 750 577 173 0 6.7 11.2 

1975 785 606 179 0 7.2 12.2 

1976 814 630 194 0 7.9 13.2 

1977 860 669 191 0 8.4 14.2 

1978 925 754 170 1 8.5 15.2 

19" 1,006 816 186 4 8.8 16.2 

1980 1,059 843 195 21 9.0 17.2 

1981 1,059 840 198 21 9.3 18.2 

1992 947 742 190 is 10.1 19.2 

1983 965 752 186 27 10.9 20.2 

1984 965 738 166 61 11.7 21.2 

1985 952 721 154 77 12.6 22.2 

1986 947 722 129 96 13.6 23.2 

Table 3-39 B727 fleet vintage numbers over time 

ond 69 70 71 72 73 74 75 76 77 78 79 so 81 82 83 84 95 86 

vintage 
1963 6 6 6 6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 

1964 82 82 83 83 83 82 82 83 84 84 84 84 83 72 74 71 68 68 

1965 84 84 83 85 85 85 82 81 81 77 79 79 72 68 64 48 46 46 

1966 103 103 102 107 107 98 89 87 82 81 81 70 52 40 38 34 31 31 

1967 96 96 96 100 98 98 99 96 96 83 82 76 51 26 22 20 18 18 

1968 127 127 129 135 135 135 134 134 133 131 127 125 122 112 108 108 104 104 

1969 91 91 92 96 96 95 95 95 95 95 95 94 94 90 92 92 92 89 

1970 37 37 37 37 36 35 35 35 35 35 35 35 33 35 35 34 34 

1971 6 6 6 6 6 6 6 6 6 6 6 6 6 9 9 9 

1972 20 20 20 20 20 20 20 20 17 19 19 21 24 25 24 

1973 55 55 55 55 55 55 55 46 55 52 54 55 56 58 

1974 34 34 34 34 34 34 34 34 29 37 34 34 38 

1975 48 48 48 48 48 48 48 41 48 48 48 45 

19176 34 34 34 34 37 37 29 34 41 44 44 

1977 51 51 51 52 51 45 45 45 46 46 

1978 85 85 86 86 76 76 79 77 77 

1979 84 88 88 79 79 83 78 75 

1980 76 75 68 72 73 75 75 

45 45 45 46 48 47 1981 

1982 12 12 12 11 11 

3 3 3 3 
1983 
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Table 3-40 B727 fleet numbers by airline 

aid U&I QMr Cal dal twa r1wa bnf pan tex Wal nal Cal 136a Pic p- Pic frt 

1969 150 98 86 0 59 56 29 24 0 6 38 15 24 0 0 0 4 
1970 150 98 lot 0 67 56 32 24 0 6 38 20 28 0 2 0 4 
1971 150 100 101 0 72 56 39 24 0 6 38 20 25 0 0 0 3 
1972 150 100 109 21 72 56 47 24 0 11 38 24 23 0 0 0 0 
1973 150 100 118 41 72 56 62 24 0 11 38 31 25 0 0 0 0 
1974 150 100 114 54 74 55 67 20 0 18 38 35 25 0 0 0 0 
1975 150 106 113 74 74 63 70 14 0 21 38 38 24 0 0 0 0 
1976 150 115 119 84 74 63 73 13 0 2t 38 40 24 0 0 0 0 
1977 152 127 120 92 74 65 77 13 0 28 38 42 29 3 0 0 0 
1978 153 136 124 106 74 63 85 13 0 33 40 52 31 6 9 0 0 
1979 174 145 134 114 81 62 94 15 0 39 43 52 34 6 13 0 0 
1980 175 158 145 124 90 66 79 57 0 44 53 34 6 13 15 0 
1981 158 179 142 129 90 61 70 55 60 47 26 10 16 0 16 0 
1982 154 177 123 122 92 61 54 60 47 16 19 17 0 15 0 
1983 154 169 126 115 82 65 53 60 47 13 27 16 19 15 4 
1994 154 164 126 102 82 65 41 59 45 10 34 14 46 16 7 
1995 154 164 125 102 82 65 38 64 39 3 34 14 50 is 
1986 154 164 138 79 80 46 239 34 13 0 

Table 3-41 B727 fleet valuation comparisons over time 

n2id type an all/type, am am/type t-dbO dbO/dbI 

1970 1,897 2,036 (1.07) 1,698 (0-90) 2,120 (1.12) 

1971 2,143 2,114 (0-99) 2,500 (1.17) 2,379 (1.11) 

1972 2,336 2,115 (0.91) 2,489 (1.07) 2,586 (1.11) 

1973 2,677 2,464 (0.92) 2,520 (0.94) 2,954 (1.10) 

1974 3,087 2,812 (0.91) 3,026 (0-99) 3,393 (1.10) 

1975 3,152 2,869 (0.91) 2,889 (0.92) 3,457 (1.10) 

1976 3,651 3,122 (0.86) 3,667 (1-00) 3,994 (1-09) 

1977 4,089 3,646 (0-89) 4,325 (1.06) 4,464 (1-09) 

1978 4,723 4,490 (0.95) 5,113 (1.08) 5,138 (1.09) 

1979 5,665 5,491 (0.97) 6,248 (1.10) 6,140 (1.08) 

1980 7,044 6,879 (0.98) 7,707 (1.09) 7,614 (1.08) 

1981 7,952 7,683 (0.97) 7,864 (0-99) 9,576 (1.08) 

1982 7,107 6,835 (0.96) 6,185 (0.87) 7,659 (1.08) 

1983 5,765 6,727 (1.17) 5,420 (0.94) 6,213 (1.08) 

1984 5,992 6,533 (1-09) 5,375 (0-90) 6,459 (1.08) 

1985 6,477 6,693 (1.03) 6,433 (0-99) 6,984 (1.08) 

1986 7,035 6,755 (0.96) 5,783 (0.82) 7,591 (1.08) 
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3.24 Aircraft Type 6 Profile - Boeing 737 

The Boeing 737, now the most popular short/medium range aircraft type, was launched 
in February 1965 and entered airline service in February 1968 with Lufthansa. At the end 

of 1986,1,323 aircraft had been delivered (of which 41 % were delivered to US 

customers). This total includes 19 ordered by the USAF and designated T43s. In addition 
there were outstanding orders for a further 423 aircraft. 

The 737 fleet has grown from 136 aircraft in December 1969 (6% of total US 

fleet) to 490 aircraft in December 1986 (18%), influenced by the change to hub-and- 

spoke networks with shorter stage lengths. At the end of the period capital leases 

accounted for 8% of 737s, and operating leases for a further 42% of the fleet. 

The initial 737-100 model was designed to operate on short/medium-haul routes, 

was 94 ft long and had a high-density seating capacity of 115 passengers. The aircraft 

was powered by two Pratt & Whitney JT8D engines. The most important variant was the 

737-200 Advanced, with 729 delivered, introduced in 1971 with a six foot increase in 

fuselage length and more powerful engines. The -300 variant, launched in March 1981 

with orders from US Air and Southwest, entered service in December 1984. This 

incorporated a further stretch to increase maximum passenger capacity to 149, 

accompanied by a new-generation CFM56 engine with greater fuel efficiency and lower 

noise levels. 

The age profile of the B737 over time is unusual in that while the first cohort have 

survived the period, there were almost no new US airline deliveries for almost a decade 

and then, after deregulation, the type saw a dramatic increase in sales more reminiscent 

of a new type. At the end of the period the average age is only 7.8 years (close to the 

1976 figure) with the oldest aircraft only 19 years of age. 

At the beginning of the period the B737 was used by only five US airlines, though 

two of the majors (United and Western) accounted for over 75 % of the fleet numbers. 

Following deregulation the growth in new deliveries was led by the smaller airlines 

(Southwest, Piedmont and People Express). Subsequently majors such United, Delta and 

Texas Air were in the vanguard of -300 orders. 

The growth in aircraft numbers has been reflected in the overall share by value 

rising from 5.2% in 1970 to 16.8% in 1986. 
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Table 3-42 B737 fleet by status and age over time 

end aircmft owned I-P I-op mean age oklest 

1969 136 128 8 0 1.0 2.0 
1970 135 127 8 0 2.0 3.0 
1971 140 132 8 0 2.9 4.0 
1972 139 130 9 0 3.9 5.0 
1973 137 128 9 0 4.9 6.0 
1974 134 125 9 0 5.8 7.0 
1975 132 123 9 0 6.7 8.0 
1976 130 121 9 0 7.7 9.0 
1977 133 124 9 0 8.4 10.0 
1978 149 139 9 1 8.4 11.0 
1979 168 153 15 0 8.4 12.0 
1900 166 148 18 0 8.3 13.0 
1981 199 166 21 2 9.0 14.0 
1982 238 198 22 Is 8.9 15.0 
1983 293 216 27 50 8.6 16.0 
1984 351 239 27 85 8.4 17.0 
1985 433 262 30 141 8.1 18.0 

1986 490 249 33 208 7.8 19.0 

Table 3-43 B737 fleet vintage numbers over time 

mid 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

Vit"90 
1967 11 1 1 1 1 1 1 1 1 1 1 1 1 1 3 3 1 

1968 66 65 65 63 63 62 61 61 61 61 61 52 61 68 71 72 74 71 

1969 69 69 69 69 67 63 60 57 56 56 55 48 50 55 56 56 60 60 

1970 0 0 0 0 0 0 0 0 0 1 1 1 3 3 4 4 4 

1971 5 6 6 7 7 7 7 5 5 5 5 5 5 5 5 5 

1972 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 

1973 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1974 1 1 1 1 1 1 1 1 1 3 3 3 3 

1975 2 2 2 2 2 2 2 2 6 6 3 3 

1976 1 1 1 1 1 1 1 1 1 1 1 

1977 4 4 4 4 4 4 6 6 6 6 

1978 18 18 18 18 18 18 18 21 22 

1979 19 19 19 19 23 23 31 24 

1980 14 14 14 16 19 24 21 

1981 12 12 15 16 21 23 

1982 33 33 35 37 40 

1983 34 34 34 34 

1994 48 49 49 

1985 55 56 

1986 65 
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Table 3-44 B737 fleet numbers by airline 

end URI Pk frt wal sow dal pox us& anyw tex pan pea mid 

1969 75 12 10 30 0 0 0 0 9 
19,70 74 12 10 30 0 0 0 0 9 
1971 74 12 10 30 4 0 0 0 0 10 
1972 69 15 13 30 3 0 0 0 0 9 
1973 67 16 14 29 3 0 0 0 0 8 
1974 67 19 15 26 4 0 0 0 0 3 
1975 64 19 17 25 5 0 0 0 0 2 
1976 59 2D 21 24 6 0 0 0 0 0 
1977 59 20 21 23 10 0 0 0 0 0 
1978 59 23 32 22 13 0 0 0 0 0 
1979 59 31 39 21 18 0 0 0 0 0 0 
1980 49 36 43 15 23 0 0 0 0 0 0 
1981 49 43 45 12 26 0 14 0 0 0 0 0 
1992 49 54 49 14 36 0 2D 6 0 10 0 0 
1983 49 63 51 16 41 6 22 18 11 0 16 0 0 
1984 49 63 51 21 48 33 22 27 21 0 16 0 0 
1985 74 73 34 56 33 66 38 27 17 12 0 3 
1986 77 81 63 78 46 44 86 12 0 3 

Table 3-45 B737 fleet valuation comparisons over time 

mid typr- all all/VA3r, am a-IVA- t-db0 db0/dbl 

1970 347 556 (1-60) 347 (1.00) 347 (1-00) 

1971 393 562 (1.43) 393 (1-00) 393 (1-00) 

1M 460 554 (1.20) 427 (0.93) 460 (1-00) 

1973 520 561 (1.08) 424 (0.81) 520 (1-00) 

1974 509 538 (1-06) 422 (OM) 509 (1.00) 

1975 442 506 (1.14) 340 (0.77) 442 (1-00) 

1976 434 485 (1.12) 406 (0.94) 434 (1.00) 

1977 602 531 (0-88) 503 (0.84) 602 (1-00) 

1978 660 652 (0-99) 5.50 (0.83) 659 (1-00) 

1979 862 847 (0-98) im (0.85) 862 (1-00) 

1980 1,073 1,085 (1.01) 1,148 (1.07) 1,073 (1-00) 

1981 1,341 1,274 (0-95) 1,317 (0-98) 1,341 (1-00) 

1982 1 IM 1,585 (0-89) 1,396 (0.79) 1,777 (1-00) 

1983 2,465 2,199 (0-99) 2,101 (0.85) 2,465 (1.00) 

1984 3,097 2,773 (0-90) 2,798 (0-90) 3,097 0-00) 

1985 4,437 3,675 (0.83) 4, M (0-97) 4,436 (1-00) 

1986 5,664 5,063 (0.89) 4,912 (0.87) 5,664 (1-00) 
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3.25 Aircraft Type 7 Profile - Boeing 747 

The Boeing 747, a much larger replacement for the Boeing 707, was launched in July 
1966 with initial orders from Pan American, Lufthansa and JAL. The aircraft entered 
transatlantic airline service with Pan Am in January 1970 and, by the end of 1986,663 

aircraft had been delivered (of which only 26% were delivered to US customers). At the 

end of the period there were outstanding orders for 102 aircraft. 
The Boeing 747 was attractive to only a small number of US airlines, those with 

international or domestic coast-to-coast routes. Nearly all the 747s acquired by US 

airlines went to one of five majors (Pan Am, TWA, American, Northwest and United) 

during 1970 and 1971. In December 1971 these airlines held all but 12 of the 104 747s - 
by the end of 1986 they held all but eight of the 124 747s. In its class, the 747s main 

rivals were the McDonnell Douglas DC10 (from August 1971) and the Lockheed 1011 

Tri-Star (from April 1972). 

About 35 % of the initial 747s were acquired on capital leases, generally with 15 

year terms - when some of t hese capital leases expired in the mid 1980s, many were 

extended as operating leases. At the end of the period capital leases accounted for 15 % 

of 747s, and operating leases for a further 19% of the 747 fleet. 

The initial 747-100 model was designed to operate on long-haul routes, had a 

range of up to 5,000 miles, was 232 ft long and had a dual-class wide-body seating 

capacity of 450 passengers. The aircraft was powered at first by four Pratt & Whitney 

JT9D engines. With uprated engines, and greater fuel capacity and gross weight the 747- 

200B model entered service in early 1971. There were also associated cargo and 

convertible variants such as the -200C and -200F, together with a longer-range, shorter 

fuselage version denoted as the -SP. 
The stability of the US fleet has meant a steady increase of the average age of the 

747s, to 12.9 years at the end of 1986. 

The 747 rises to the second most important aircraft type in value terms, with an 

overall share of 13% over the whole period, with Pan Am and Northwest the most 

important of the airlines. The premium for non-bulk transactions was 4% over the period. 
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Table 3-46 B747 fleet by status and age over time 

end aircraft owmd I-P I-P mean age oldest 

1969 4 4 0 0 0.0 0.0 
1970 75 46 29 0 0.5 1.0 
1971 104 69 35 0 1.2 2.0 
1972 106 71 35 0 2.2 3.0 
1973 111 71 40 0 3.1 4.0 
1974 106 66 40 0 4.1 5.0 
1975 94 54 40 0 4.9 6.0 
1976 100 54 46 0 5.6 7.0 
1977 100 55 45 0 6.5 9.0 
1978 105 56 47 2 7.4 9.0 
1979 118 67 47 4 7.6 10.0 
198D 125 77 45 3 8.2 11.0 
1981 129 73 47 9 9.2 12.0 
1992 123 69 46 8 10.4 13.0 
1983 122 69 45 8 11.3 14.0 
1984 124 74 39 11 11.5 15.0 
1995 117 79 21 17 12.9 16.0 
1986 124 82 18 24 12.9 17.0 

Table 3-47 B747 fleet vintage numbers over time 

ond 69 70 71 72 73 74 75 76 77 78 79 810 81 82 83 84 85 86 

vinlW 
1969 444 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2 

1970 71 71 71 71 67 58 58 56 59 59 59 61 61 59 54 53 46 

1971 29 29 29 28 24 24 24 24 24 24 25 24 22 18 22 119 

1972 2 2 2 2 2 2 2 3 3 5 4 4 5 5 6 

1973 5 5 5 5 5 5 5 5 5 5 7 7 8 9 

1974 0 0 0 0 0 1 1 0 0 1 1 1 1 

1975 3 3 3 3 3 3 3 3 3 4 4 4 

1976 6 6 6 6 6 6 6 5 6 1 6 

1977 2 2 2 2 2 2 2 3 3 4 

1978 2 2 2 2 2 2 2 0 2 

1979 11 11 11 8 7 9 7 9 

1980 7 7 6 7 6 4 6 

1981 0 0 0 0 0 0 

1982 0 0 0 0 0 

1983 1 1 1 1 

1984 6 6 6 

1985 0 0 

1986 3 
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Table 3-48 B747 fleet numbers by airline 

end pan nwa Ual twa 2m baf dal Cal Dal PCX tex 

1969 2 0 0 2 0 0 0 0 0 0 
1970 24 10 9 14 10 0 3 3 2 0 
1971 30 15 12 19 16 1 5 4 2 0 
1972 30 15 14 19 16 1 5 4 2 0 
1973 31 15 18 19 16 1 5 4 2 0 
1974 31 15 18 19 13 1 4 3 2 0 
1975 31 18 18 10 11 1 3 0 2 0 
1976 37 20 18 11 10 1 3 0 0 0 
1977 38 21 18 11 11 1 0 0 0 0 
1978 41 21 18 11 11 3 0 0 0 0 
1979 45 26 18 11 11 7 0 0 0 0 
1980 45 29 18 15 11 7 0 0 0 
1981 45 29 18 18 14 5 0 0 0 
1982 44 29 18 18 14 0 0 0 
1983 43 30 18 18 13 0 0 0 
1984 48 35 18 19 1 0 3 0 
1985 42 35 13 21 0 0 6 0 
1986 35 38 24 17 2 0 8 

Table 3-49 B747 fleet valuation comparisons over time 

Mid type all all/type, am a-/typ- t-dbo dbO/dbI 

1970 711 781 (1.10) 516 (0.73) 739 (1.04) 
1971 1,770 2,142 (1.21) 2,128 (1.20) 1,841 (1.04) 
1972 1,802 2,331 (1.29) 2,187 (1.21) 1,874 (1.04) 
1973 1,985 2,474 (1.25) 1,985 (1-00) 2,064 (1.04) 
1974 1,932 2,445 (1.27) 2,088 (1.08) 2,009 (1.04) 
1975 1,651 2,129 (1-29) 1,813 (1.10) 1,718 (1.04) 
1976 1,708 2,097 (1.23) 2,155 (1.26) 1,776 (1.04) 
1977 1,969 2,272 (1.15) 2,272 (1.15) 2, (47 (1.04) 
1978 2,248 2,459 (1-09) 2,948 (1.31) 2,337 (1.04) 
1979 2,478 2,812 (1.13) 3,997 (1.61) 2,576 (1.04) 
1980 3,102 3,498 (1.13) 4,512 (1.45) 3,225 (1.04) 
1981 3,412 3,535 (1.04) 4,242 (1.24) 3,547 (1.04) 
1992 2,905 3,186 (1.10) 3,833 (1.32) 3,020 (1.04) 
1993 2,690 3,075 (1.14) 3,057 (1.14) 2,797 (1.04) 
1984 3,160 3,239 (1.02) 3,559 (1.13) 3,285 (1.04) 
1985 3,181 3,229 (1.01) 2,864 (0-90) 3,307 (1. (M) 
1986 3,403 3,412 (1-00) 3,057 (0-90) 3,537 (1.04) 
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3.26 Aircraft Type 8 Profile - Boeing 757 

The Boeing 757, a bigger brother to the B727 and with much in common with the B767, 

was launched in August 1978 with initial orders from British Airways and Eastern. The 

type entered airline service in January 1983 and, by the end of December 1986,116 

aircraft had been delivered (of which 63 % were delivered to US customers). At the end 

of the period there were outstanding orders for 79 aircraft. 
The 757 was of relatively minor importance with only 73 aircraft in December 

1986 (under 3% of US fleet). At the end of the period capital leases accounted for 29 % 

of 757s, and operating leases for a further 18% of the fleet. 

The initial 757-200 model was designed to operate on short/medium-haul routes 
(with a maximum range of 2,800 miles), was 155 ft long and had a high-density seating 

capacity of 239 passengers. The aircraft was powered by two Rolls Royce RB211-535 

engines. 
The fleet is still very young with the oldest aircraft only four years old at the end 

of the period. 
There are only three current users (Northwest, Texas Air - through the acquisition 

of Eastern - and Delta). The 757 represents 5.5 % by value of the US fleet in December 

1986. 
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Table 3-50 B757 fleet by status and age over time 

end aircraft ownod I-Cap I-op mean ap oldest 

1982 2 2 0 0 0.0 0.0 
1983 15 15 0 0 0.5 1.0 
1984 23 19 4 0 1.1 2.0 

1995 48 33 12 3 L2 3.0 
1986 73 39 21 13 1.6 4.0 

Table 3-51 B757 fleet vintage numbers over time 

end 69 M 71 72 n 74 75 76 77 78 79 so 81 82 83 84 85 96 

vintaw 
1982 22222 
1983 13 13 13 13 
1984 888 

1985 25 25 

1986 25 

Table 3-52 B757 fleet numbers by airline 

end Cal dal nwa tex rep 

1982 2 0 0 0 0 

1983 15 0 0 0 0 

1984 19 4 0 0 0 

1985 22 12 11 0 3 

1986 22 26 25 

Table 3-53 B757 fleet valuation comparisons over time 

mid tyw an all/qw am arin/tyw t-dbO dbO/dbl 

1983 249 245 (0-98) 249 0-00) 249 (1-00) 

1984 475 435 (0.92) 462 (0.97) 476 (1.00) 

1985 1,021 1,077 (1.06) 997 (0.98) 1,024 (1-00) 

1986 1,844 1,991 (1.08) 1,756 (0.95) 1,850 (1.00) 
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3.27 Aircraft Type 9 Profile - Boeing 767 

The Boeing 767, smaller than the B747 and with much in common with the B757, was 
launched in July 1978 with an initial order from United. The type entered airline service 
in September 1982 and, by the end of December 1986,156 aircraft had been delivered 
(of which 47% were delivered to US customers). At the end of the period there were 
outstanding orders for 55 aircraft. 

Like the B757 the 767 has not been as successful as Boeing hoped with US 

airlines haNing only 71 aircraft in December 1986 (under 3% of US fleet). At the end of 
the period capital leases accounted for 10% of 767s, and operating leases for a further 

7% of the fleet. 

The initial 767-200 model was designed to operate on medium-haul routes (with 

a maximum range of 4,600 miles), was 159 ft long and had a high-density seating 

capacity of 255 passengers. The aircraft was powered by two Pratt & Whitney JT9D 

engines. Subsequently there were an extended range -200 ER model (5,750 miles) and 

a stretched -300 variant (seating capacity 290 passengers). 
The fleet is still very young with the oldest aircraft under five years old at the end 

of the period. 

There are only four current users (American, United, Delta and TWA), and the 

aircraft is used mainly for international flights. The 767 was the first twin jet allowed to 

fly transatlantic routes. The 767 represents 6.2 % by value of the US fleet in December 

1986. 
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Table 3-54 B767 fleet by status and age over time 

end aircmft owned I-Cap I-op mcan age oldest 

1982 17 17 0 0 0.2 0.4 
1983 50 50 0 0 0.8 1.4 
1994 54 54 0 0 1.7 2.4 
1995 59 57 2 0 2.5 3.4 
1986 71 59 7 5 3.0 4.4 

Table 3-55 B767 fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

Vb"90 
1982 17 17 17 17 17 
1983 33 33 33 33 
1984 44 4 
1985 5 5 
1986 12 

Table 3-56 B767 fleet numbers by airline 

end URI did amr twa 

1982 7 4 3 3 

1983 19 13 8 10 

1984 19 15 10 10 

1985 19 15 15 10 

1986 19 20 22 10 

Table 3-57 B767 fleet valuation comparisons over time 

mid ryp- au all/qw ann ann/tyw t-cm dbO/dbl 

1983 1,482 1,585 (1.07) 1,494 (1.01) 1,471 (0-99) 

1984 1,846 1,977 (1.07) 1,821 (0-99) 1,834 (0-99) 

1985 1,898 2,102 (1.11) 1,931 (1.02) 1,889 (1-00) 

1986 2,083 2,318 (1.11) 1,918 (0.92) 2,078 (1.00) 
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3.28 Aircraft Type 10 Profile - Lockheed 1011 (Tri-Star) 

The Lockheed 10 11, a widebody competitor to the Boeing 747 and contemporary of the 
McDonnell Douglas DC10, was launched in March 1968 with initial orders from TWA 

and Eastern. The aircraft entered airline service in April 1972. The introduction was 
delayed by problems associated with the development of the new Rolls Royce RB211 

engine and, at the end of 1981, Lockheed decided to cease production when current 

orders had been fulfilled. In all 249 aircraft were delivered by August 1984 (of which 
54% were delivered to US customers). 

At the end of the period there were only 99 aircraft in US fleets (under 4% of the 

total US fleet) with capital leases accounting for 23 % of the fleet. 

The initial -1 model was designed to operate on medium-haul routes, had a 

maximum range of 3,400 miles, was 178 ft long and had a high-density seating capacity 

of up to 400 passengers. In 1980 Pan Am acquired an extended range version -500, with 

a range of 6,000 miles but a reduced capacity of 330 passengers. 
The initial cohort of aircraft has grown older and, with very few additions during 

the period, the average age of the 1011s was 10.2 years at the end of 1986 with the 

oldest aircraft over 14 years of age. 

There are only a handful of US customers (TWA, Delta, Eastern and United - 
from the acquisition of Pan Am's Pacific assets). 

In value terms the 10 11 becomes more important with a high of 11.7 % of US fleet 

value in 1982 and an end-of-period value of 5.2%. The premium for non-bulk 

transactions was 2% during the period. 
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Table 3-58 L 10 11 fleet by status and age over time 

aid aircraft owned I-cap I-P mean age oldest 

1972 15 11 4 0 0.4 0.7 
1973 43 30 13 0 0.7 1.7 
1974 70 50 20 0 1.2 2.7 
1975 78 57 21 0 2.0 3.7 
1976 82 61 21 0 2.8 4.7 
1977 85 64 21 0 3.7 5.7 
1978 88 67 21 0 4.5 6.7 
1979 94 73 21 0 5.2 7.7 
1980 104 83 21 0 5.7 8.7 
1981 114 91 23 0 6.1 9.7 
1982 122 97 25 0 6.7 10.7 
1983 120 95 25 0 7.5 11.7 
1984 103 78 25 0 8.2 12.5 
1995 93 70 23 0 9.5 13.5 
1986 99 76 23 0 10.2 14.5 

Table 3-59 L 10 11 fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 95 86 

VWW 
1972 15 15 15 14 14 14 14 14 15 15 15 14 9 9 9 
1973 28 27 27 26 25 24 24 25 25 25 22 19 19 19 
1974 28 28 28 28 28 28 28 28 28 28 21 19 19 
1975 9 9 9 9 9 9 9 9 9 9 9 9 
1976 5 5 5 5 5 5 5 5 5 5 5 
1977 4 4 4 4 4 4 4 4 4 4 
1978 4 4 2 1 1 1 1 1 1 
1979 6 6 6 6 6 6 5 5 
1980 10 10 10 10 8 7 7 
1981 11 11 11 11 5 11 
1982 8 8 8 8 8 
1983 2 2 2 2 
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Table 3-60 L 10 11 fleet numbers by airline 

end twa dal eal pan tox pea URI 

1972 6 0 9 0 0 0 0 

1973 14 4 25 0 0 0 0 

1974 24 18 26 0 0 2 0 

1975 30 Is 28 0 0 2 0 

1976 30 21 29 0 0 2 0 
1977 30 23 30 0 0 2 0 

1978 30 24 32 0 0 2 0 

1979 30 30 32 0 0 2 0 

1980 30 34 32 6 0 2 0 

1981 32 37 31 12 0 2 0 

1982 35 42 31 12 0 2 0 

1983 35 43 28 12 0 2 0 

1984 33 34 25 9 0 2 0 

1985 33 35 25 0 0 0 0 

1996 33 3S 0 2s 0 6 

Table 3-61 L1011 fleet valuation comparisons over time 

mid qw au awrype ann ann/wpe t-dbO dbO/dbl 

1972 66 68 (1.03) 68 (1.03) 67 (1.02) 

1973 408 444 (1-09) 456 (1.12) 417 (1.02) 

1974 938 1,033 (1.10) 1,093 (1.17) 959 (I. M) 

1975 1,156 1,289 (1.11) 1,370 (1.18) 1,182 (1.02) 

1976 1,270 1,448 (1.14) 1,529 (1.20) 1,299 (1.02) 

1977 1,228 1,544 (1.26) 1,710 (1.39) 1,256 (1.02) 

1978 1,329 1,697 (1.27) 1,855 (1.40) 1,359 (1.02) 

1979 1,343 1,837 (1.37) 2,097 (1.56) 1,373 (1.02) 

1960 1,605 2,172 (1.35) 2,362 (1.47) 1,641 (1.02) 

1981 1,883 2,410 (1.28) 2,971 (1.58) 1,926 (1.02) 

1982 2,441 2,679 (1.10) 3,102 (1.27) 2,497 (1.02) 

1993 2,375 2,757 (1.16) 2,651 (1.12) 2,429 (1.02) 

1994 2,248 2,389 (1.06) 2,181 (0.97) 2,299 (1.02) 

1985 1,921 2,164 (1.13) 1,977 (1.03) 1,964 (1.02) 

1986 1,742 2,190 (1.26) 2,089 (1-20) 1,781 (1.02) 
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3.29 Aircraft Type 11 Profile - Douglas DC8 

The Douglas DC8, a first generation jet and contemporary of the Boeing 707, was 
launched in October 1955 with an initial order from Pan Am. The type entered airline 
service with Delta and United in September 1959 and, by the time production ended in 

May 1972,556 aircraft had been delivered (of which 56% were delivered to US 

customers). 
There was a steady decline in DC8 numbers over the period falling from 219 

aircraft in December 1969 (10% of total US fleet) to only 42 aircraft in December 1986 

(under 2 %). At the end of the period operating leases (resulting from sale-and-leaseback 

transactions) accounted for 31% of the fleet. 

The development of the DC8 can best be sub-divided into three phases. The first 

phase started with the initial -10 series and ended with the -50 series. Like the B707 the 

DC8 was a four-engined, long-range aircraft (having a maximum range of over 7,000 

miles), it was 151 ft long and had a high-density seating capacity of up to 189 

passengers. The aircraft was powered at first by four Pratt & Whitney JT3C turbojets, 

but the -50 series incorporated JT3D turbofans. In 1967 the stretched -60 series entered 

service with a maximum capacity of up to 259 passengers. 

The final phase was the conversion by Cammacorp from 1981 onwards to retrofit 

the CFM56 engines (a variant of those used in the B737-300) giving the -70 series 

designation. Cammacorp had converted 110 of the 263 -60 series aircraft produced by 

the end of 1986. 

The steady ageing of the fleet, to an average age of 18.5 years at the end of 1986, 

is no great surprise. However, unlike the B707 and aided by the new generation engines, 

the DC8 has survived in service. At the end of the period only United and Delta still 

operated the aircraft (though there are purely cargo operators such as UPS). 

The fall in numbers has also been reflected in the decline in fleet value terms from 

10% in 1970 to under I% in 1986. The premium for non-bulk transactions ranged from 

10- 11 % over the period - 
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Table 3-62 DC8 fleet by status and age over time 

end AircMft owned I-P I-P mran am oldest 

1969 219 189 30 0 5.3 10.6 
1970 219 189 30 0 6.3 11.6 
1971 216 185 31 0 7.2 12.6 
1972 204 173 31 0 8.2 13.6 
1973 180 149 31 0 9.0 14.6 
1974 169 139 30 0 9.9 15.6 
1975 155 126 29 0 10.8 16.6 
1976 147 124 23 0 11.7 17.6 
1977 137 112 23 2 12.3 18.6 
1978 114 94 18 2 12.2 19.4 
1979 111 91 18 2 13.0 20.4 
1990 99 81 18 0 13.5 21.3 
1991 92 76 16 0 14.4 22.3 
1982 80 64 16 0 15.4 23.3 
1983 69 54 15 0 15.9 24.3 
1994 55 54 1 0 16.9 21.0 
1985 42 42 0 0 17.5 19.0 
1986 42 29 0 13 18.5 20.0 

Table 3-63 DC8 fleet vintage numbers over time 

ond 69 '70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

Vhtw 
t959 19 19 19 19 19 19 19 19 15 9 7 3 3 3 1 0 0 0 

1960 50 50 47 44 34 28 22 17 14 1 1 0 0 0 0 0 0 0 

1961 16 16 14 12 8 6 6 6 6 2 2 1 1 1 0 0 0 0 

1962 12 12 12 11 9 9 9 8 7 6 5 3 2 0 0 0 0 0 

1963 2 2 4 4 4 4 2 1 1 1 1 0 0 0 0 0 0 0 

1964 6 6 6 6 6 6 6 6 5 5 5 5 3 3 3 3 0 0 

1965 12 12 13 12 12 12 12 11 9 9 9 7 6 6 3 2 0 0 

1966 9 9 9 9 9 9 9 9 8 8 8 7 7 7 4 2 0 0 

1967 22 22 21 21 17 17 14 14 15 16 16 16 16 9 8 8 8 9 

1968 41 41 41 38 37 36 33 33 34 33 33 33 33 33 32 27 23 23 

1969 30 30 30 28 25 23 23 23 23 24 24 24 21 18 Is 13 11 11 
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Table 3-64 DC8 fleet numbers by airline 

end Ufa dal Cal bnf nal amr pan 

1969 114 41 39 7 15 2 1 

1970 114 41 39 7 15 2 1 
1971 112 41 35 7 15 6 0 

1972 112 41 26 7 13 5 0 
1973 111 41 9 11 3 5 0 
1974 111 34 7 11 2 4 0 

1975 105 34 5 11 0 0 0 

1976 100 31 5 11 0 0 0 
1977 94 24 5 14 0 0 0 

1978 70 23 5 16 0 0 0 

1979 69 21 5 16 0 0 0 

1980 65 17 5 12 0 0 

1981 64 13 5 10 0 0 

1982 63 12 5 0 0 

1983 51 13 5 0 0 

1994 41 13 1 0 0 

1985 29 13 0 0 0 

1986 29 13 0 0 

Table 3-65 DC8 fleet valuation comparisons over time 

mid type all an/type ann arm/type WbO dbO/dbl 

1970 667 540 (0.81) 967 (1.45) 735 (1.10) 

1971 939 529 (0.56) 1,057 (1.13) 1,034 (1.10) 

19M 689 510 (0.74) 863 (1.25) 759 (1.10) 

1973 647 479 (0.74) 664 (1.03) 713 (1.10) 

1974 575 431 (0.75) 715 (1.24) 634 (1.10) 

I 9r75 482 390 (0.81) 613 (1.27) 531 (1.10) 

1976 409 361 (0.88) 281 (0.69) 451 (1.10) 

im 444 372 (0.84) 409 (0.92) 490 (1.10) 

1978 479 363 (0.76) 565 (1.18) 530 (1.11) 

1979 523 355 (0.68) 884 (1.69) 579 (1.11) 

1980 448 363 (0.81) 353 (0.79) 497 (1.11) 

1981 267 342 (1.28) 170 (0.64) 297 (1.11) 

1982 166 277 (1.67) 338 (2.03) 185 (1.11) 

1983 205 259 (1.26) 81 (0.39) 226 (1.10) 

1984 301 220 (0.73) 153 (0.51) 331 (1.10) 

1985 254 185 (0.73) 85 (0.33) 281 (1.10) 

1986 144 154 (1.07) 144 (1-00) 160 (1.11) 
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3.30 Aircraft Type 12 Profile - Douglas DC9 

The Douglas DC9, similar in mission to the BAC 1- 11, was launched in April 1963 with 
an initial order from Delta. The type entered airline service in December 1965 and, by 

the time production ended in September 1982,976 aircraft had been delivered (of which 
51 % were delivered to US customers). This total includes 41 ordered by the USAF and 
designated C9s. 

The DC9 was a significant type growing from 275 aircraft in December 1969 

(13 % of total US fleet) to 429 aircraft in December 1986 (15 %). At the end of the period 

capital leases accounted for 10% of DC9s, and operating leases for a further 18% of the 
fleet. 

The initial DC9-10 model was designed to operate on short/medium-haul routes 
(with a maximum range of 2,000 miles), was 104 ft long and had a high-density seating 

capacity of 90 passengers. The aircraft was powered by two Pratt & Whitney JT8D 

engines. The most important variant, with 662 deliveries, was the -30 which entered 

service early in 1967 and incorporated a stretch of 15 ft to increase capacity to 115 

passengers. 
In addition to the initial cohort (acquired new between 1966 and 1969) there was 

a steady trickle of new additions in the 1970s as well as second-hand acquisitions by new 

airlines following deregulation (such as Midway). The average age has risen steadily over 

the period to 16.1 years by December 1986, with the oldest aircraft over 21 years of age. 

The DC9 was mainly used by a couple of the smaller majors (Delta and Eastern) 

as well as a representative sample of local airlines. 

In value terms the DC9 has retained a fairly steady share of the overall US fleet 

with a high of 12.9% in 1970 and a low of 8.9% in 1974. The premium for non-bulk 

transactions was under 1% during the period. 
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Table 3-66 DC9 fleet by status and age over time 

end aim-raft owned I-P I-Op mean alp oklest 

1969 275 189 82 4 2.0 4.3 
19M 281 196 79 6 2.9 5.3 
1971 292 201 85 6 3.8 6.3 
1972 296 195 94 7 4.8 7.3 
1973 298 188 103 7 5.6 9.1 
1974 291 188 96 7 6.5 9.1 
1975 301 210 84 7 7.3 10.1 
1976 310 217 82 11 8.1 11.1 
1977 317 222 84 11 8.7 12.1 
1978 317 229 77 11 9.5 13.1 
1979 329 235 80 14 9.9 14.1 
1990 378 284 77 17 10.7 15.1 
1981 406 309 79 19 11.5 16.1 
1992 420 321 77 22 12.3 17.1 
1983 427 344 57 26 13.2 18.1 
1984 421 339 51 31 14.1 19.1 
1985 429 341 47 41 15.1 20.1 
1986 429 308 43 78 16.1 21.1 

Table 3-67 DC9 fleet vintage numbers over time 

end 69 70 71 72 73 '74 75 76 77 78 79 80 81 82 83 84 85 86 

-i-hw 
1965 4 4 4 3 2 2 2 2 2 2 2 1 1 1 1 1 1 1 

1966 43 40 42 44 41 40 41 42 42 43 40 39 38 38 36 33 34 34 

1967 75 74 74 78 74 69 70 67 67 65 62 71 81 80 83 80 81 81 

1968 105 105 105 103 101 99 99 99 94 89 98 108 112 113 114 111 112 112 

1969 48 47 47 48 48 47 47 47 47 47 46 57 57 57 57 57 57 57 

1970 11 11 11 13 13 13 14 14 14 14 14 15 17 17 17 18 18 

1971 9 9 9 9 11 11 10 10 10 11 16 18 19 19 19 19 

1972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1973 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

t974 2 2 2 2 2 2 2 2 2 3 3 3 3 

1975 6 6 6 6 6 6 6 8 9 9 11 11 

1976 10 10 10 10 10 10 10 12 14 15 15 

1977 13 13 13 13 13 13 13 14 14 14 

1978 6 6 6 6 6 6 6 7 7 

1979 20 20 20 20 20 2D 20 20 

1980 10 10 10 to 10 10 10 

1981 9 9 9 9 9 9 

1982 8 8 8 8 8 
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Table 3-68 DC9 fleet numbers by airline 

OW eal dal usa rep tox am wa ath nea nwiL mid Cal psa saw n" 

1969 97 72 24 14 16 19 9 13 0 19 2 0 
1970 82 77 27 14 17 19 10 15 0 19 1 0 
1971 82 81 29 14 17 19 15 15 0 19 1 0 
1972 80 90 29 15 20 19 15 14 0 13 1 0 
1973 82 75 35 15 21 19 24 19 0 7 1 0 
1974 81 66 41 17 23 19 24 19 0 0 1 0 
1975 91 62 45 19 27 19 26 21 0 0 1 0 
1976 81 58 49 20 27 19 28 27 0 0 1 0 
1977 85 53 49 26 32 14 28 29 0 0 1 0 
1978 79 49 49 27 33 14 30 35 0 0 1 0 
1979 73 43 53 77 34 39 7 0 3 0 0 0 
1980 71 39 59 124 36 41 0 0 8 0 0 0 
1981 71 36 67 126 51 42 0 0 13 0 0 
1982 71 36 75 126 51 44 0 0 17 0 00 
1983 71 36 75 126 51 45 0 0 17 4 02 
1984 71 36 75 121 47 45 0 0 17 4 05 
1985 71 36 75 125 47 46 0 0 17 4 8 
1986 36 74 118 46 126 17 4 8 

Table 3-69 DC9 fleet valuation comparisons over time 

mid týw all all/qw ann am/qw t-dbO dbO/dbl 

1970 861 943 (1-09) 404 (0.47) 867 (1.01) 
1971 897 979 (1.09) 777 (0.87) 903 (1.01) 
1972 1,005 955 (0.95) '734 (0.73) 1,012 (1.01) 
1973 1,021 1,037 (1.02) $67 (0.85) 1,028 (1.01) 
1974 1,024 1,019 (1-00) 844 (0.82) 1,031 (1.01) 
1975 1,066 962 (0-90) 864 (0.81) 1,074 (1.01) 
1976 1,179 1,036 (0.88) 1,156 (0-98) 1,187 (1.01) 
1977 1,265 1,135 (0-90) 1,215 (0.96) 1,273 (1.01) 
1978 1,492 1,275 (0-85) 1,505 (1.01) 1,502 (1.01) 
1979 1,582 1,356 (0.86) 1,487 (0.94) 1,591 (1.01) 
1990 1,959 1,712 (0. " 1,853 (0.95) 1,971 (1.01) 
1981 2,222 1,886 (0-85) 1,948 (0-88) 2,236 (1.01) 
1982 2,568 2,105 (0.82) 1,812 (0.71) 2,583 (1.01) 
1983 2,661 2,104 (0.79) 2,583 (0.97) 2,676 (1.01) 
1984 2,622 2,002 (0.76) 1,986 (0.76) 2,637 (1.01) 
1985 2,709 2,042 (0.75) 2,249 (0.83) 2,723 (1.01) 
1986 3,080 2,102 (0.68) 2,350 (0.76) 3,096 (1.01) 
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3.31 Aircraft Type 13 Prorile - McDonnell Douglas MD80 

The McDonnell Douglas MD80, a stretched DC9 with more powerful engines, was 
launched in October 1977. The type entered airline service in October 1980 with Swissair 

and, by the end of December 1986,351 aircraft had been delivered (of which 62% were 
delivered to US customers). At the end of the period there were outstanding orders for 

231 aircraft. 
Initial sales were to minor operators such as Pacific Southwest and Republic. 

However early in 1982 McDonnell Douglas was able to attract two US trunks (American 

and Delta) seeking to replace ageing B727s with "fly now, pay later" deals on the MD80. 

During 1983 American took 20 aircraft on short-term operating leases, and then in 

February 1984 placed an order for 67 additional aircraft, with options covering 100 

more. By the end of the period there were 198 aircraft (7 % of US fleet) with capital 
leases accounting for 6% of MD80s, and operating leases for a further 54% of the fleet. 

The most important variant, MD82, was designed to operate on short/medium- 

haul routes (with a maximum range of 2,300 miles), was 148 ft long and had a high- 

density seating capacity of 172 passengers. The aircraft was powered by two Pratt & 

Whitney JT8D-217 engines. 

The MD80 has grown in importance to now account for 9% of the US fleet by 

value, with American accounting for nearly half of this and there are seven other 

operators. The premium for non-bulk transactions has been 6% during the period. 
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Table 3-70 MD80 fleet by status and age over time 

end aircraft owned I-P I-P mean age oldest 

1980 1 1 0 0 0.1 0.1 
1981 16 13 1 2 0.5 1.1 
1982 38 34 1 3 0.9 2.1 
1993 79 39 2 38 1.2 3.1 
1984 107 42 2 63 1.7 4.1 
1995 146 64 5 77 2.2 5.1 
1986 198 80 11 107 2.5 6.1 

Table 3-71 MD80 fleet vintage numbers over time 

ew 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 94 85 86 

vintar 
1990 1111 1 1 1 
1991 15 15 17 17 17 23 
1982 22 22 22 27 22 
1983 39 38 39 38 
1984 29 29 29 
1985 33 33 
1986 52 

Table 3-72 MD80 fleet numbers by airline 

end Almr psa tex twa rep mug frt saw nwa oza Ual pox mid 

1980 0 1 0 0 0 0 0 0 0 0 0 

1981 0 13 0 0 3 0 0 0 0 0 0 0 

1982 0 21 0 0 66 5 0 0 0 0 0 0 

1983 20 25 2 11 86 5 0 0 0 0 0 2 

1984 33 26 10 15 86 5 0 0 2 0 0 2 

1985 56 26 17 19 8 6 0 4 5 5 0 

1986 88 29 43 23 8 8 0 0 0 

Table 3-73 MD80 fleet valuation comparisons over time 

Mid týw au afl/qw am ann/qw t-dbO dbO/dbl 

1981 90 90 (1-00) 100 (1.11) 95 (1.06) 

1982 583 503 (0,86) 592 (1.02) 619 (1.06) 

1983 1,147 991 (0.86) 1,255 (1.09) 1,22D (1.06) 

1984 1,635 1,566 (0,96) 1,650 (1.01) 1,735 (1.06) 

1985 2,244 2, ý (1.02) 2,067 (0.92) 2,376 (1.06) 

1986 3,053 3,272 (1,07) 2,525 (0.83) 3,222 (1.06) 
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3.32 Aircraft Type 14 Profile - McDonnell Douglas DCIO 

The McDonnell Douglas DC10, a widebody competitor to the Boeing 747 and 

contemporary of the Lockheed 10 11, was launched in April 1968 with initial orders from 

American and United. The aircraft entered airline service with American in August 1971. 

Although there was a resurgence of new orders in 1976-1978 production of passenger 

aircraft was finished by 1982. The final blow had been the DCIO accident in May 1979 

after which DC10 fleets were temporarily grounded for six weeks by the FAA. In all 425 

aircraft were delivered (of which 53 % were to US customers). This total includes 51 

transport aircraft delivered to the USAF and designated KC10s. 

Use was confined to major airlines with transcontinental and international routes, 

particularly American, United and Delta. At the end of the period there were 154 aircraft 

in US fleets (under 6% of the total US fleet) with capital leases accounting for 22% of 

the fleet, and operating leases for a further 10%. 

The initial -10 model was designed to operate on medium/long-haul routes, had 

a maximum range of 4,100 miles, was 182 ft long and had a high-density seating capacity 

of up to 380 passengers. The aircraft was powered by three General Electric CF6-6D 

engines. The most important variant was the -30 with a range extended to 6,300 miles. 

The initial cohort of aircraft has grown older and, with very few additions during 

the period, the average age of the DC10s was 12.1 years at the end of 1986 with the 

oldest aircraft over 15 years of age. 

In value terms the DC10 becomes more important with a high of 18.6% of US 

fleet value in 1977 and an end-of-period share of 9.9%. The premium for non-bulk 

transactions was between 8-9% during the period. 

152 



Table 3-74 DCIO fleet by status and age over time 

end aircraft owned I-cap I-Op nican age oldest 

1971 13 6 7 0 0.2 0.5 
1972 59 47 12 0 0.6 1.5 
1973 86 70 16 0 1.3 2.5 

1974 106 89 17 0 2.0 3.5 

1975 121 104 17 0 2.7 4.5 
1976 122 104 18 0 3.7 5.5 

1977 122 104 18 0 4.7 6.5 

1978 126 109 18 0 5.5 7.5 

1979 131 113 18 0 6.1 9.5 

1980 141 117 21 3 6.6 9.5 

1981 142 115 21 6 7.4 10.5 

1982 146 118 22 6 9.4 11.5 

1983 129 99 24 6 9.2 12.5 

1964 147 104 34 9 10.2 13.5 

1985 150 106 36 8 11.2 14.5 

1986 154 105 34 15 12.1 15.5 

Table 3-75 DC10 fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

Vi-UW 
1971 13 13 13 13 13 13 13 13 13 13 13 13 10 13 13 8 

1972 46 46 46 46 46 46 45 44 44 44 44 38 42 42 44 

1973 27 27 27 27 27 27 26 26 26 28 26 30 29 32 

1974 20 20 20 20 20 20 19 17 17 16 16 18 18 

1975 15 15 15 15 15 13 13 14 9 13 15 14 

1976 1 1 1 1 1 1 1 1 1 1 1 

1977 0 0 0 0 0 0 0 0 0 1 

1978 5 5 5 5 5 5 5 5 8 

1979 7 7 7 7 7 8 8 8 

1990 13 12 12 12 14 14 15 

1981 4 4 4 4 4 4 

1982 1 1 1 1 1 
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Table 3-76 DC10 fleet numbers by airlines 

end U61 amr nwa Cal wal r9d tax pan dal Cal 

1971 5 5 0 0 0 3 0 0 0 0 
1972 is 25 2 5 0 9 0 0 0 0 
1973 23 25 15 8 4 11 0 0 0 0 
1974 30 25 22 12 6 11 0 0 0 0 
1975 37 25 22 16 6 15 0 0 0 0 
1976 37 25 22 16 7 15 0 0 0 0 
1977 37 25 22 16 7 15 0 0 0 0 

1978 37 28 22 15 9 15 0 0 0 0 
1979 38 31 22 15 10 15 0 0 0 0 
1980 42 34 22 14 12 1 16 0 0 
1981 46 34 22 11 13 16 0 0 

1982 47 37 22 11 13 16 0 0 
1983 47 37 22 11 11 1 0 0 

1984 50 53 19 11 13 1 0 0 
1985 51 56 19 9 13 0 0 2 

1986 50 59 21 15 0 9 

Table 3-77 DC10 fleet valuation comparisons over time 

mid typr- an au/qw ann ann/qw t-dbO dbO/dbl 

1972 614 689 (1.12) 649 (1.06) 664 (1.08) 

1973 1,225 1,422 (1.16) 1,495 (1.22) 1,326 (1.08) 

1974 1,590 1,899 (1.19) 1,939 (1.22) 1,721 (1.08) 

19r75 1,868 2,107 (1.13) 2,241 (1.20) 2,022 (1.08) 

1976 2,231 2,171 (0.97) 2,669 (1.20) 2,416 (1.08) 

1977 1,960 2,270 (1.16) 3,171 (1.62) 2,122 (1.08) 

1978 2,228 2,489 (1.12) 3,441 (1.54) 2,413 (1.08) 

1979 2,209 2,533 (1.15) 3,202 (1.45) 2,393 (1.08) 

1980 2,593 3,051 (1.18) 3,714 (1.43) 2,812 (1.08) 

1981 2,636 3,214 (1.22) 2,709 (1.03) 2,860 (1-09) 

1982 2,360 3,028 (1.28) 3,028 (1.28) 2,561 (1-09) 

1983 2,900 3,024 (1.04) 2,85A (1-00) 3,147 (1-09) 

1984 3,050 2,813 (0.92) 2,740 (0-90) 3,312 (1-09) 

1985 3,293 2,992 (0.91) 3,673 (1.12) 3,577 (1.09) 

1986 3,332 3,245 (0.97) 2,527 (0.76) 3,621 (1-09) 
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CHAPTER 4 

Airline Fleets 

4.1 Introduction 

This chapter will use the aircraft valuation model developed in the previous chapter to 

value the fleets of nearly all the US airlines each year from 1970 to 1986. 

The aircraft population can be sub-divided in two distinct ways : (1) into aircraft 

t3Ws, such as the B727 and the DC8, as used in the aircraft valuation model; (2) into 

airline fleets, such as Texas Air with nearly 600 aircraft down to Midway with only 20 

aircraft at the end of 1986. 

There is naturally some inter-dependence, in that the larger airlines (known as 

" trunks ") will generally have a portfolio of different aircraft types. By contrast, the 

smaller "local" airlines may tend to concentrate on only one type of aircraft. 

Two minor empirical valuation problems are considered and their impact on fleet 

valuation quantified. First, how to value used aircraft from types with only new trades 

(such as A300, B757 and B767) and, second, how to value the small number of aircraft 

types (such as the Caravelle, and Fokker F28) not covered by my valuation model. 

The main practical step was combining the transactions (aircraft prices) with 

155 



information on all the aircraft without prices to build up a complete history of airline 

fleets from 1970 to 1986. Despite the relative infrequency of aircraft trades the value of 

trades in an average year represented 16 % of total fleet values (with a range from 12 % 

in 1971 to 20% in 1978). 

Fleet valuation using the type model is the base case, with the all and annual 

models used in places for comparison. Detailed profiles of nine trunk airlines, 

representing from 75-85 % of my aircraft universe of 25 fleets by value, are given at the 

end of the chapter and include the impact of different valuation methods at fleet level. 

This chapter will also mark the transition from describing aircraft and fleets in 

purely numerical terms to adding dollar values for assets (such as aircraft values derived 

-C--- from my model) and, subsequently, for liabilities (such as market values for airline equity 

and debt). 
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4.2 From Transactions to Fleets 

The transactions database itself was insufficient in quantifying airline fleets for two 

reasons. There were trades for which no price had been available' (accounting for about 

30% of all US transactions). Also there were aircraft that had not traded during the 

period, remaining with the same owner throughout. My transactions data contains used 

prices for only 1,476 aircraft manufactured prior to 1970 compared to the 2,115 aircraft 

contained in the US fleet at the end of 1969, leaving details for at least the remainder to 

be added. 

I used industry reference sources (notably Avmark's Commercial Aircraft Fleet 

and Aviation Data Centre's Aircraft Production List) to obtain details of ownership 

changes and initial production dates for the additional aircraft. The resulting fleets were 

checked against airline annual reports to confirm numbers and aircraft types. The 

completed airline fleets now contain 4,394 different aircraft. 

In addition to completeness, ascertaining the status (whether owned, capital leased 

or operating leased) of each aircraft was a vital and time-consuming pre-requisite to fleet 

valuation. The industry sources however were not always sufficiently precise concerning 

the ownership of aircraft. Annual reports often failed to distinguish between owned and 

leased aircraft, while industry lists generally didn't separate capital and operating leased 

aircraft. Therefore I used, in addition, annual 10-K reports for individual airlines as well 

as quarterly balance sheets to verify aircraft status. 

I Due to non-airline transactions, and to late reporting/non-reporting of transactions 
to CAB by some airlines. 
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4.3 Fleet Numbers and Aircraft Age 

The next section will attempt to describe the reference universe of the aircraft within the 

fleets of the 25 US publicly-traded airlines chosen as my sample -a number of small 

privately-held airlines such as Hughes Airwest and Air California are thus excluded. ' 

The other main omission is the fleets of non-airline operators - principally freight and 

parcel companies such as Federal Express and Universal Parcel Service. ' 

Table 4-1 Whole fleet by status and age over time 

end total own0d I-P I-op nwan age owest 

1969 2,115 1,778 333 4 3.9 11.5 
1970 2,204 1,827 371 6 4.6 12.5 
1971 2,198 1,799 392 7 5.2 13.5 
1972 2,270 1,832 427 11 5.9 14.3 
1973 2,293 1,831 451 11 6.4 15.3 
1974 2,244 1,791 443 10 7.0 16.3 
1975 2,233 1,790 435 8 7.6 17.2 
19176 2,217 1,768 437 12 8.3 18.2 
1977 2,218 1,755 445 18 8.8 19.2 
1979 2,187 1,763 406 18 9.0 20.2 
1979 2,277 1,824 428 25 9.2 21.0 
1980 2,358 1,876 437 45 9.6 21.9 
1981 2,390 1,881 450 59 10.0 22.3 
1982 2,313 1,803 438 72 10.3 23.3 
1983 2,392 1,838 399 155 10.5 24.3 
1984 2,458 1,832 356 270 10.7 21.2 
1985 2,594 1,855 337 402 10.9 22.2 
1986 2,784 1,838 330 616 11.1 23.2 

Table 4-1 shows the composition of the reference universe from 1969 to 1986. In 

total, the aircraft fleet increased in number by nearly a third from 2,115 aircraft at the 

end of 1969 to 2,784 aircraft by the end of 1986. The net increase of 669 aircraft over 

the period results from 1,877 new deliveries and 1,208 net departures of used aircraft. 

2 Boeing lists 63 other US airlines operating a total of 437 jet aircraft at the end of 
1986. 

3 The four largest freight operators accounted for 228 jet aircraft at the end of 1986, 

according to Boeing. 
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Figure 4-1 charts the annual changes in fleet numbers. The evident variation between 

years is due more to changes in the number of aircraft departures than in new deliveries. 

Net used departures of 134 in 1974,155 in 1978 and 185 in 1982 led to reductions in 

total fleet numbers in each of these years. The increase in fleet size seen in recent years 

is due largely to a decrease in net used departures, with 1986 indeed having a net inflow 

of 22 used aircraft. 

Whole fleet changes by year 
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Figure 4-1 Whole fleet changes by year 

Over the whole period the share of the fleet owned fell from 84 % to 66 %, and 

capital leased aircraft from 16 % to 12 %. The rise in the popularity of operating leases, 

from only 3% in 1982 to 22% by the end of 1996, was due in large part to both the 

willingness of manufacturers to provide such financing and also the declining credit 

ratings of all but a handful of airlines. 

During the chosen period the fleet has changed from young to middle-aged. At 

the beginning of the period (December 1969) the fleet was relatively young with an 
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average age of 3.9 years and the oldest aircraft being 11.5 years old. As the level of new 

additions to the fleet in the late 1960s was not continued', the fleet average age increased 

in the 1970s, reaching 9.0 years by the end of 1978. By this time 65 % of aircraft 

acquired before the period (i. e. aircraft vintage 1969 or before) were still being flown by 

the original airline or another airline within my universe of 25 airlines. The aircraft 

departures had left only 33 aircraft of vintage 1961 or earlier. Note that I have used the 

term departure - as the aircraft might have been sold to an airline outside my universe 

rather than merely being scrapped. Table 4-2 confirms how the fleet age profile has 

changed over time. The rows can be used to trace the progress of a particular vintage 

during the period and the leading diagonal gives the numbers of new aircraft added each 

year. 

The second half of the period (from January 1979 to December 1986) saw a 

levefling off in the rate of increase in fleet average age, reaching 11.1 years. This was 

due to two factors : the departure of older aircraft (exit of all aircraft of vintage 1962 or 

before, and pruning of aircraft manufactured before 1968) together with the continuation 

of new aircraft acquisition levels. Attention was focused instead on the growing age of 

the oldest aircraft in the fleet, with 7% of the end-of-period fleet being older than 20 

years (estimated to be the aircraft life when first manufactured). Of the 196 aircraft in 

this category, 150 were of the Boeing 727-100 model. Furthermore the question of 

replacing the large number of aircraft bought new at the end of the 1960s had been 

deferred rather than solved, with 542 aircraft manufactured in 1968 and 1969 still 

remaining at the end of the period. 

4 This refers to only the number of new aircraft, considering that the 70 new B747s 
delivered in 1970 probably cost as much as the 301 new aircraft bought in 1969. 
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Table 4-2 Whole fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 so 81 82 83 84 95 86 

vintage 
1958 15 14 11 9 9 9 5 5 3 1 0 0 0 0 0 0 0 0 
1959 107 93 68 61 61 57 53 50 38 21 14 4 3 3 1 0 0 0 
1960 117 112 96 86 68 56 47 32 28 9 2 0 0 0 0 0 0 0 
1961 120 102 86 64 45 24 25 20 19 2 2 1 1 1 0 0 0 0 
1962 67 65 65 59 48 39 41 36 29 26 24 22 21 4 1 0 0 0 
1963 31 30 29 26 25 24 20 15 15 11 11 10 9 8 6 5 5 5 
1964 123 123 124 122 120 111 107 105 104 104 99 97 94 so 80 74 68 69 
1965 178 173 171 174 166 155 149 147 139 126 123 119 104 99 84 63 53 53 
1966 293 289 286 301 278 251 211 205 194 171 163 146 123 102 87 76 70 '70 
1967 337 336 331 351 338 319 317 299 278 244 233 227 192 137 131 122 119 117 
1968 445 444 445 444 440 435 426 419 407 385 371 374 375 366 350 333 321 318 
1969 301 300 301 304 299 289 286 280 279 279 274 270 265 253 240 227 227 224 
1970 123 123 123 125 12D 111 112 109 112 113 113 116 117 114 110 109 102 
1971 62 63 63 63 61 61 60 58 58 59 65 66 62 67 72 64 
1972 83 83 83 82 92 82 81 81 79 83 84 79 84 86 98 
1973 125 124 124 123 122 121 12D 112 121 12D 119 122 126 132 
1974 85 85 85 85 85 86 85 82 77 83 79 79 83 
1975 83 83 83 83 83 81 81 77 84 91 92 88 
1976 59 59 59 59 62 62 54 60 71 73 78 
1977 95 85 85 81 78 72 74 76 77 79 
1978 124 124 122 121 111 111 114 114 120 
1979 152 156 156 144 147 154 154 146 
1980 138 136 128 135 138 142 148 
1981 102 102 107 109 110 129 
1982 iog 108 110 116 116 
1983 129 128 129 128 
1984 105 106 109 
1985 146 151 
1986 168 
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4.4 Classification of US Airlines 

During the period of regulation, the US airlines could be divided into two distinct 

categories : trunks and locals. The trunks tended to cover large areas, if not all, of the 

US giving an average on-flight trip length of 780 miles in 1970 and had predominantly 

jet-engined aircraft. By comparison, the appropriately named local airlines had much 

shorter routes (an average trip length of only 280 miles in 1970) and relied on smaller 

aircraft. In addition the two most important unregulated airlines, Pacific Southwest in 

California and Southwest in Texas, used jets but with local-sized routes. 

The trunks and local airlines had been more distinct. During the 1950s the local 

airlines were viewed as providers of feeder service to the trunks. They typically used 

small aircraft on low-density routes and, because these were not always profitable, the 

local service airlines were subsidised (the subsidy rose from $22m in 1955 to $67m in 

1962). In an effort to reduce the level of subsidy the CAB began offering the local 

service airlines higher-density medium-haul routes that were not subsidised. While the 

CAB policy was successful in reducing the subsidy level (to about $40m in 1970) the 

local airlines were transformed into regional airlines. Between 1966 and 1970 they 

acquired 135 jet aircraft, while their fleet of propeller aircraft declined from 373 to 258. 

In 19 8 1) following de-regulation , the CAB/DOT changed the classification system 

to one that was based on annual operating revenues. For example, by the end of 1986, 

airlines with revenues above $lbn were known as majors, above $100m as nationals and 

above $10m as large regionals. 

By and large, the former trunks became majors and the former locals became 

nationals but there were exceptions. The two largest former locals (US Air previously 
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Allegheny, and Republic formed by the merger of two locals, North Central and 

Southern) qualified as major airlines. The national airlines were joined by Pacific 

Southwest and Southwest and, in due course, by People Express. Other new airlines such 

as America West, Midway and Muse were designated as large regionals. 

There are also a number of special cases that require additional explanation. The 

CAB/DOT data was collected in respect of individual airlines and thus Continental and 

'Eastern, though both acquired by Texas Air, were not consolidated. To add to the 

difficulties of classifying airlines, Texas International (a local) acquired Continental (a 

trunk). For some purposes therefore I have created three hybrid airlines : (1) Texas Air 

covers Texas International and then the combined operations of Texas International and 

Continental; (2) Continental / Texas covers Continental then Texas Air; (3) North Central 

/ Republic covers North Central then Republic. 

Table 4- 3 Composition of trunk and local portfolios 

Trunk Airlines 

American 
Braniff 
Continental / Texas 
Delta 
Eastern 
National 
Northwest 
Pan American 
Trans World 
United 
Western 

Local Airlines 

Allegheny / US Air 
Frontier 
North Central / Republic 
Ozark 
Piedmont 
Southern 
Texas International 

I have also formed two portfolios, one of trunks and one of locals, that are 

representative and do not suffer from survivorship bias. Table 4-3 lists the components 
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of these portfolios. There remain six other airlines that cannot be defined as either trunks 

or locals - People Express, Pacific Southwest, Southwest, America West, Midway and 

Muse. 
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4.5 Individual Airline Fleet Composition 

An airline fleet can be viewed as a portfolio of different aircraft qWs. in practice the 

trunk airlines generally have fleets containing at least one type in each of the aircraft 

classes mentioned (that is early jets, short/medium range and high capacity) and between 

three and nine different aircraft types in all. By contrast the smaller local airlines may 

rely on a single aircraft type within the short/medium range aircraft class. 

Normative statements add little to understanding the composition of US airline 

fleets. For example, Doganis (1985) quotes UK evidence in that "the Edwards Committee 

(1969) was impressed that there are economies from increasing the scale of operations 

of a standard fleet of the same aircraft type. The committee estimated that if one operated 

five aircraft of one type the hourly direct operating costs would be about 5% higher than 

those of an airline operating fifteen of the same aircraft type". However I cannot find any 

mention of when the economies of scale might be expected to taper off or cease. 

Likewise Gialloreto's (1988) statement that "it is a commonly accepted rule of efficiency 

that the number of different aircraft types in a given airline's fleet should be limited. This 

reduces the costs of pilot training, maintenance, spare part inventories and the overall 

complexity of the operation". But this ignores the growing commonality of equipment 

between different aircraft types - for instance the B757 and B767 share numerous parts 

and have very similar cockpit layouts and instrumentation; another case is the use of the 

same engine in a number of different aircraft types - such as the GE CF6 engine used on 

the A300-600, A310ý B747-200 and B767. 

Nonetheless it is clear that, over the period, developments in a number of areas 

(such as changes in route network structures, increased competition between 
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manufacturers and airline consolidation) have all tended to lead to greater diversity in the 

fleet composition patterns of individual airlines. While the airline community has long 

recognised. economies of scale, it has also come to appreciate that, with deregulation, 

scope economies are perhaps as important as scale economies. 

The most important of the influences was the change in route networks from fixed 

and stable (under regulation) to more variable both in route length and traffic density 

(under deregulation). The associated introduction of hub-and-spoke networks led to an 

increased demand from the large trunk airlines for smaller jet aircraft with shorter 

ranges. Towards the end of the period, increased congestion and slot constraints produced 

an additional demand for larger medium-range aircraft. 

The second influence was the increased competition between aircraft 

manufacturers with the arrival of Airbus to challenge the Boeing/Douglas duopoly (apart 

from the entry of Lockheed into the high-capacity segment in 1972). The emphasis for 

buying decisions changed from the close links between airline engineering departments 

and a particular manufacturer to airlines preferring to choose the aircraft type with the 

most attractive financial package (covering purchase cost and operating cost suitability). 

The increase in airline size meant that orders for new aircraft types were of a sufficient 

size (100 A320s for Northwest, 67 MD80s for American, 30 MD80s for Delta and 24 

B737s for Texas Air) to allow airlines to negotiate favourable purchase terms. 

The third influence was the rise in industry concentration through consolidation. 

Whereas under regulation from 1970 to 1978 there were no mergers of importance, there 

were two significant mergers in 1979-80 and three more in 1986 (excluding the 

acquisitions by Texas Air of Eastern and People Express). 

These influences have led to an increase in both the size of trunk airline fleets and 
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an increase in the number of different aircraft types in airline fleets. At the start of the 

pen (December 1969) one airline had a fleet of over 300 aircraft, and in all six airlines 

had more than 100 aircraft. The mean number of aircraft types held by the leading six 

airlines was 4.8, ranging from Delta with three types to American with six types. By the 

end of 1986, five airlines had fleets of over 300 aircraft (with Continental, Eastern and 

People Express grouped under Texas Air) and in all nine airlines had more than 100 

aircraft. The corresponding mean number of aircraft types had increased to 6.0, ranging 
IC. - - trom Piedmont with three types to Texas Air with nine types. 

Another way to appreciate how the pattern of fleet commonality has changed over 

time is to examine the main mergers that took place during the period. 

The merger of North Central and Southern to form Republic in 1979 (and the 

acquisition of Hughes Airwest the following year) brought together three airlines that 

operated similar class, mostly DC9, jet aircraft fleets, although various prop-engined 

aircraft were also part of the combined fleet. 

In buying National in 1980, Pan Am found itself with all three high-capacity 

aircraft types (B747, Lockheed Tri-Star - on order, and DC10 - from National). The 16 

DC10s were finally sold to American in 1983, with the 12 Tri-Stars forming part of the 

Pacific routes sale to United in 1985. 

The following year TWA, a largely Boeing operator, acquired Ozark and its fleet 

of DC9s and MD80s. A more important consideration was that TWA increased its 

dominant share of its St. Louis hub. 

Another hub-driven acquisition was Northwest's takeover of Republic, the second 

airline at its Minneapolis hub. Northwest, then with four aircraft types, added a further 

three types (DC9, MD80 and CV580 props). 
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Delta's acquisition of Western added the DC 10 to its then seven different aircraft 

types. 
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4.6 Airline Industry Fleet Composition 

Airline fleets will be valued using the type level model described in the last chapter 

through, on occasions, valuations from two other approaches (the all aircraft regression, 

and individual annual regressions) will be given for comparative purposes. The all aircraft 

approach suffers in that it assumes that each of the different aircraft types has the same 

economic depreciation schedule, contrary to my results in chapter 2. The annual 

regressions approach is of limited usefulness in that it provides mid-year valuations only 

and it also suffers from unrepresentative valuations caused by aircraft heterogeneity. 

The relative completeness of the transactions database ensured that the valuation 

of airline fleets was pretty straightforward. There were just two areas of difficulty - 

valuing used aircraft where only new prices were available, and valuing aircraft that were 

outside the 14 types covered by my model. 

Used prices were missing in the cases of three aircraft types (A300, B757 and 

B767) and unreliable in another (MD80), where the combined sample of 142 new and 

only 19 used transactions led to used aircraft being valued higher than new aircraft. 

Therefore I combined new aircraft valuations derived from my model together with a 

geometric depreciation schedule to give valuations that were broadly similar to those of 

industry sources for the appropriate dates. This approach is unavoidable, but the possible 

impact is significant, especially in later years. The importance of these four types rises 

from 1.1% of total fleet value in 1979 to 23.1 % by 1986. 

There was a similar problem using the annual regressions model for the years in 

which no traded prices of a particular aircraft type were available. The most important 

- I- absence was that of the B747 in 1973 (representing about 17% of annual fleet value) 
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followed by the B737 in 1970 and 1971 (about 6% of annual fleet value). There were 

missing aircraft types for five other years but, in each case, the proportion of fleet value 

missing was less than 1 %. The missing aircraft types were instead valued using the type 

model. 

Table 4-4 Values for aircraft outside my model ($m) 

MO&I 70 71 72 73 74 75 76 77 78 79 so 81 82 83 84 85 86 

A310 39.0 38.0 
RAcI46 15.0 14.5 14.0 
B720b 2.3 1.8 1.4 1.3 1.5 1.0 1.2 1.2 1.2 1.0 
B767-300 50.0 
cvm 1.0 0.6 0.3 0.2 0.2 0.1 0.2 0.2 0.2 
CV990 1.3 0.9 0.6 0.3 0.2 0.2 0.2 
F28-1000 3.6 3.6 3.6 
F294M 10.0 10.0 
Caravalle 0.5 0.4 0.4 

CV580 0.9 0.8 0.7 0.6 0.5 0.5 0.5 0.4 0.6 0.6 1.5 1.5 1.4 1.3 1.3 1.1 1.0 
CV600 0.7 0.6 0.4 0.4 0.3 0.3 0.2 0.2 0.1 0.1 
F27 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0.5 0.7 0.7 0.7 
FH227 0.6 0.6 0.6 0.7 0.5 0.4 0.5 0.5 0.6 1.0 1.1 1.2 
Eloctm 0.3 0.4 0.3 0.4 0.3 0.3 0.3 0.4 0.4 0.3 0.3 0.2 
E3cctraC 0.9 0.8 0.4 

YSII 1.8 1.7 1.6 1.5 1.3 1.1 0.9 0.7 0.6 0.5 - 0.5 0.9 1.4 1.4 
N262 0.5 0.5 0.5 o. 5 0.4 0.4 0.7 0.7 0.7 
M298 1.6 1.6 1.7 1.6 1.4 1.3 1.0 0.8 0.5 0.5 
metro 1.0 1.0 1.0 1.0 0.8 

The second area of difficulty was common to all three valuation approaches. For 

the aircraft types not covered by my model, mainly non-jet aircraft and relatively 

unimportant in value terms, I used the available transactions prices to manually estimate 

values for representative oldest aircraft each year. These valuations are given in full in 

Table 4-4. This area is of only minor importance as, on average, "other" aircraft types 

account for under I% of total fleet value (ranging from a high of 4.9 % in 1970 to a low 

of 0.2% in 1983 and 1984). 

I have described the aircraft population in terms of aircraft numbers. In value 

terms, measured using the type model, the population has grown from $6.6 billion in 

mid-1970 to $33.8 billion by mid-1986, as shown in Table 4-5. While there are some 
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Table 4-5 Whole fleet valuation comparisons over time ($000) 

mid PAM an awrype am ann/t)W t-dbO non-bulk 

im 6,649 6,504 (0-98) 5, = (0.79) 6,896 (1.04) 
1971 8,538 7,976 (0.92) 9,559 (1.12) 8,839 (1.04) 
1972 8,9r7l 8,676 (0.97) 9,441 (1.05) 9,337 (1.04) 
1973 10,390 10,263 (0-99) 10,432 (1-00) 10,841 (1.04) 
1974 11,477 11,410 (0-99) 11,961 (1.04) 11,989 (1.04) 
1975 11,256 11,316 (1.01) 11,885 (1-06) 11,789 (1-05) 
1976 12,024 11,697 (0.97) 13,015 (1.08) 12,637 (1.05) 
1977 12,623 12,685 (1-00) 14,749 (1.17) 13,257 (1-05) 
1978 14,187 14,396 (1.01) 17,172 (1.21) 14,918 (1-05) 
1979 15,671 16,206 (1.03) 19,751 (1.26) 16,484 (1-05) 
1980 19,730 20,011 (1.07) 22,735 (1.21) 19,733 (1-05) 
1981 20,652 21,719 (1.05) 22,112 (1.07) 21,740 (1.05) 
1992 20,868 21,401 (1.03) 21,399 (1.03) 21,889 (1-05) 
1983 22,918 24,119 (1.05) 22,810 (1.00) 23,923 (1.04) 
1984 25,565 25,008 (0-98) 23,956 (0.94) 26,663 (1.04) 
1985 29,303 28,235 (0.96) 28,292 (0.97) 30,506 (1.04) 
1986 33,771 32,936 (0-98) 29,209 (0.86) 35,068 (1.04) 

differences between the fleet valuations using the type and all models, in only two of the 

17 years does the difference exceed 5 %, and the highest value is 8 %. The greater 

variation between the type and annual model valuations is not surprising, caused by the 

aircraft heterogeneity problem explained in chapter 3. The premium for non-bulk 

transactions, as measured using the type valuation model, is shown in the last column and 

varies from 4-5 % over the period. 

The division of total fleet value proportions for the nine trunks profiled at the end 

of the chapter is given in Table 4-6. The winners and losers over the period are apparent. 

Among the trunks, airlines such as American, Delta and Northwest have seen their fleet 

value increase by a factor of about six over the period. Conversely Pan Am, despite the 

acquisition of National, has withered by comparison. The rise of the former locals 

(Piedmont, Republic, Southwest and US Air) accounts for the decline in the share of fleet 

value held by the trunks from 90% in 1970 to under 90% by 1983. Nevertheless a more 

realistic way of looking at it is that the 90 % share by the II trunks in 1970 has been 

replaced with the 95 % share by the 13 major airlines in 1986. There have been a handful 
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of winners and losers but concentration of the industry by fleet value is retained, if not 

actually enhanced over the period. 

Table 4-6 Whole fleet value shares by major airline 

mid usi pan airnr twa Cal nwa dal CIX wal 911M 

1970 14.7 14.2 13.1 12.7 9.8 7.3 5.7 3.6 3.2 84.3 
1971 15.3 13.6 15.1 13.2 9.2 9.1 5.7 3.6 2.4 86.2 
1972 17.0 11.5 15.4 12.2 9.2 7.5 5.7 4.1 2.5 95.1 
1973 17.0 10.3 15.1 12.6 9.9 7.6 6.4 3.7 2.8 85.4 
1974 16.1 9.5 13.2 13.0 10.4 8.0 8.2 4.0 3.4 85.8 
1975 15.6 8.2 12.3 12.4 10.3 8.1 9.6 4.6 3.2 84.3 
1916 15.8 7.8 11.7 10.8 10.0 9.5 10.3 4.6 3.3 83.8 
1977 15.4 7.9 11.8 10.5 10.2 9.1 10.4 4.1 3.6 83.0 
1978 15.5 7.6 12.1 9.4 10.8 9.1 10.4 3.7 3.9 92.5 
1979 15.5 6.8 11.8 8.4 10.5 9.3 10.6 3.4 3.9 80.2 
1980 16.0 9.3 10.3 8.0 10.7 9.2 10.3 2.7 4.3 80.8 
1981 14.2 9.7 11.0 7.4 11.2 8.6 10.2 3.1 3.7 79.1 
1982 13.0 10.2 10.3 7.8 12.3 7.7 10.8 4.4 3.5 80.0 
1983 14.7 9.6 10.4 7.6 12.0 6.9 10.6 3.7 3.2 77.7 
1984 13.5 7.1 11.5 8.2 12.0 7.3 10.9 3.8 3.0 77.3 
1985 13.2 7.8 11.4 7.5 10.7 7.1 11.3 4.4 3.1 76.5 
1986 13.0 6.1 12.5 6.3 9.7 7.6 10.5 6.0 3.0 74.7 

The value of the total fleet is broken down by ownership status in Table 4-7. Over 

Table 4-7 Whole fleet valuation by ownership status ($000) 

mid owned 1-cap 1-op bs % 

70 4,939 74% 1,694 25% 15 0% 74% 
71 6,306 74% 2,205 26% 26 0% 74% 
72 6,677 74% 2,259 25% 35 0% 74% 

73 7,528 72% 2,826 27% 37 0% 72% 

74 8,434 73% 3,008 26% 35 0% 73% 

75 8,372 74% 2,852 25% 32 0% 74% 

76 8,886 74% 3,078 26% 60 1% 74% 

77 9,327 74% 3,230 26% 66 1% 74% 

78 10,525 74% 3,561 25% 101 1% 74% 

79 12,031 77% 3,444 22% 196 1% 99% 

80 14,406 77% 4,083 22% 241 l% 99% 

81 15,241 74% 4,690 23% 720 3% 97% 

82 15,322 73% 4,832 23% 713 3% 97% 

83 17,280 75% 4,379 19% 1,259 5% 95% 

84 18,656 73% 4,353 U% 2,557 lo% 90% 

85 19,882 68% 4,553 16% 4,869 17% 83% 

86 21,163 63% 5,304 16% 7,304 22% 78% 
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the period there were reductions in the share of both owned (from 74 % to 63 %) and 

capital-leased (from 25 % to 16 %) aircraft caused by the increase in operating-leased 

aircraft (from 1% in 1979 to 22 % in 1986). This has also reduced the proportion of 

aircraft on balance sheets from 99 % in 1979 to the latest figure of 78 

My main concern however, when valuing airlines, is with those aircraft shown on 

balance sheet. This will exclude aircraft held on operating leases, and capital-leased 

aircraft prior to 1979. The number of aircraft displayed on balance sheet has grown from 

1,778 in December 1969 to 2,168 in December 1986, helped by the addition of 428 

capital-leased aircraft from 1979. ' 

The trunks tend to have a broad range of different aircraft types. Only three of 

the 11 airlines have a type that exceeds 50 % of fleet numbers on average, while in only 

two instances does the third most important type have under 10%. On the other hand all 

the locals have a majority aircraft type while eight of the 10 locals have a third ranked 

type with under 10%. Two airlines operated only a single aircraft type (America West 

with Boeing 737s and Midway with Douglas DC9s) and another airline almost exclusively 

(Southwest with Boeing 737s). 

All the trunks have operated aircraft manufactured by both Boeing and McDonnell 

Douglas, though eight airlines had a majority of Boeing aircraft compared to only one 

for McDonnell Douglas. This is confirmed by Boeing's share of 62 % against McDonnell 

Douglas with only 25 %. Not surprisingly the Boeing 727 was the predominant aircraft 

type for 11 airlines, followed by the Douglas DC9 for six of the airlines. 

Following the adoption of FASB Statement of Financial Accounting Standards No. 

13. 
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4.7 Airline Fleets as Asset Portfolios 

This section is similar in style to section 3.15 where I considered aircraft types as asset 

portfolios. These are actual asset portfolios held by airlines, in contrast to the type 

portfolios that are owned by a number of different airlines. The aim is to replicate 

measures of equity performance but here focusing on the asset component in the balance 

sheet represented by airline fleets. 

The returns are then used in four ways to provide : (1) a simple chained index; 

(2) estimates of fleet variability; (3) correlations between different airlines and (4) beta 

estimates. 

The first application is to see how the performance of fleet values differs between 

airlines. I have used my valuation model to value an airline fleet at the end of one year 

and, the same aircraft, at the end of the following year to produce a series of annual 

capital returns. The returns are then combined into an index of fleet value. This is 

equivalent to investing $100 in United's fleet at the end of 1970, selling the investment 
I- 

at the end of 1971 and investing the proceeds in United's end 1971 fleet and so on. The 

index values should be treated as comparative rather than as a realistic portfolio result 

since it ignores both income and transactions costs. 

Taking the returns for the US fleet as a whole and chaining them together gives 

an (equally-weighted) index that falls from 100 at the end of 1970 to 93 by the end of 

1986. This should not come as too much of a surprise as the index covers a fleet that 

ages each year. The ending index values for the nine surviving trunk airlines range from 

100 for United to 77 for American and 66 for TWA. For the composite trunk portfolio 

the index ended at 87, compared to 136 for the composite local portfolio. 
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In this chapter we have seen how the major airlines hold fleets that are diversified 

across a number of different aircraft types. 

Table 4-8 Variability estimates for airline fleets (annual) 

Airline Fleet Equity Code 
Variability Variability 

Southwest 10.1% 48.1% sow 
Frontier 8.2% 45.0% FRT 
Piedmont 7.9% 47.1% PIE 
America West 6.8% 42.7% AMW 
Republic (inc NCA) 5.9% 50.1% NRP 
Pan Am 5.6% 53.5% PAN 
Southern 5.5% 46.9% STH 
Braniff 5.4% 43.0% BNF 
Texas International 5.4% 61.8% TIA 
Ozark 5.0% 46.8% OZA 
Midway 4.9% 57.3% MID 
National 4.8% 52.1% NAL 
US Air 4.7% 52.1% USA 
United 4.7% 43.8% UAL 
Pacific Southwest 4.7% 43.4% PSA 
Muse 4.6% 63.2% MUS 
TWA 4.4% 61.9% TWA 
Northwest 4.2% 38.0% NWA 
Delta 4.1% 34.1% DAL 

Western 4.0% 59.4% WAL 
Texas Air (me CAL) 4.0% 54.6% CTX 
American 3.9% 51.2% AMR 

Eastern 3.7% 53.4% EAL 

People Express 2.8% 59.0% PEX 

The risk reduction is evident in the variability estimates for individual airline 

fleets, given in Table 4-8 and ranked in descending size. The first half of the table 

consists of smaller airlines that have fleets dominated by only one aircraft type 

(Southwest's variability of 10 -1% compares with the Boeing 737 variability of 10.3 %; 

Ozark's variability Of 5-0% with the DC9 variability of 5.4 %). These airlines will tend 

to fly routes that are similar in length, and thus prefer to concentrate on economies of 

scale in aircraft type choice. By contrast, the lower half of the table shows how the major 

airlines are grouped together ranging from United with 4.7 % down to Eastern with 3.7 %. 
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These variability estimates are below all those of individual aircraft types and compare 

with the variability of the whole aircraft fleet of 3.4 %. Comparative estimates for the 

composite trunk portfolio are 3.7 % compared to 4.3 % for the composite local 

portfolio. 

Equity variabilities (annualised, estimated from quarterly returns over the period 

March 1970 to December 1986) for individual airlines are much higher, ranging from 

34.1 % for Delta to 63.2 % for Muse. 

Table 4-9 Correlation matrix for trunk fleet returns 

AMIP. 0.9 1.0 

CTX 0.6 0.6 1.0 
DAL 0.9 0.7 0.5 1.0 
EAL 0.7 0.6 0.5 0.9 1.0 

NWA 0.8 0.7 0.8 0.6 0.4 1.0 
PAN 0.8 0.8 0.2 0.6 0.4 0.7 1.0 

TWA 0.8 0.8 0.2 0.8 0.6 0.5 0.8 1.0 
UAL 0.9 0.9 0.6 0.7 0.6 0.8 0.7 0.7 1.0 
WAL 0.7 0.6 0.6 0.5 0.3 0.7 0.6 0.5 0.7 1.0 

ALL AMR CTX DAL EAL NWA PAN TWA UAL WAL 

The fleets of the larger trunks are close to scaled-down versions of the whole fleet 

and this is reflected in the high correlations, seen in Table 4-9, between the returns on 

the fleet as a whole and the returns on individual trunk fleets. These range from 0.9 for 

American and United down to 0.6 for Continental/Texas. The correlations between 

returns on pairs of airline fleets for trunks are uniformly positive and range from 0.2 to 

0.9. 

The link between returns on the fleet as a whole and returns on individual local 

fleets, Table 4-10, are more typically between 0.2 and 0.4. The correlations between 

locals are high, particularly between the five airlines that all fly the DC9. 

Beta estimates for airline fleets mirror the picture given by individual aircraft 
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Table 4-10 Correlation matrix for local fleet returns 

FRT 0.4 1.0 
NRP 0.3 0.3 1.0 
OZA 0.2 0.3 0.9 1.0 

PIE 0.3 0.9 -0.1 0.0 1.0 
STH -0.2 0.0 0.8 0.9 -0.1 1.0 
TIA -0.1 0.3 0.9 0.8 0.0 0.8 1.0 
USA 0.4 0.3 0.8 0.8 0.0 0.8 0.7 1.0 

ALL FRT NRP OZA PUB STH TIA USA 

types, and range from 0.28 for People Express to -0.19 for Southwest. There are only 

two airlines with fleet beta estimates significantly different from zero at the 95 % level, 

TWA (-0.14) and Pan Am (-0.19). The magnitude of the beta estimates for fleets differs 

markedly from airline equity beta estimates that often exceed 1, and part of this is due 

to my low variability estimates for fleets. Let us take a US market variability figure of 

16 % together with a fleet variability of 8% (Piedmont) and then assume the market model 

decomposition. Even with no fleet specific risk, the magnitude of the fleet beta cannot 

exceed 0.5 in absolute terms. With a lower fleet variability of 4% (Western) the fleet beta 

would be constrained within the range (minus 0.25,0.25), again assuming no fleet specific 

risk. With specific risk the theoretical bounds for fleet beta estimates would be even 

narrower. 
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4.8 Conclusion 

This chapter has broadened the Scope from the valuation of individual aircraft to the 

valuation of airline fleets, each typically with a large number of aircraft and a handful 

of different aircraft types. 

The universe of aircraft operated by my sample of airlines is described in greater 

detail, illustrating how the average aircraft age and fleet composition has changed over 

the period as well as the rise in operating leases. 

Another topic covered is the composition of airline fleets and how attention has 

shifted from the scale economies in operating a small number of different aircraft types 

to the economies of scope derived from maintaining a varied route network following 

deregulation. 

One interesting finding is the low variability of airline fleet returns, with the 

major trunks having estimated annual variabilities in the region of 4-5 %. This is far 

lower than the corresponding equity variabilities, with only two airlines having equity 

variabilities less than 40 

As a consequence of the low variability estimates, estimated fleet betas are 

constrained in absolute magnitude and are generally insignificantly different from zero. 
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4.9 Introduction to Airline Fleet Profiles 

The sections that follow provide additional information, both descriptive and tabular, on 

each of nine major trunk airline fleets. 

Each section starts with a condensed profile including the fleet history, the relative 

importance of the airline in US airline fleets, comments on the age profile over time and 

the share of overall fleet value. 

There then follow four tables that outline an annual history of the airline fleet. 

The first table breaks the airline fleet by ownership status (whether owned, capital 

or operating leased), together with the mean age and oldest aircraft in the fleet. 

The second table allows one to trace how long aircraft of a certain vintage have 

remained in the airline fleet, by following an individual row for a particular vintage from 

left to right. The leading diagonal shows the number of new deliveries each year. 

The third table ranks the aircraft types by the number of that particular aircraft 

in the fleet. 

The fourth table gives the impact of using different valuation approaches in 

comparison to the chosen type valuation method, as well as indicating the premium for 

non-bulk transactions (dbO/dbl). 
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4.10 Airline Fleet Profile - American 

American is the second largest trunk airline with a comprehensive US domestic route 
network (with major hubs at Dallas/Fort Worth and Chicago, and with secondary hubs 

at Nashville, Raleigh/Durham and San Juan) and limited international expansion towards 
the end of the period. The growth of American has been predominantly organic, apart 
from the acquisition of Air Cal for $225m in September 1986. 

Over the period covered (December 1969 to December 1986) its fleet grew from 
260 aircraft (12.3% of US universe fleet) to 335 aircraft (12.0%), with 229 new 
deliveries and only 154 departures. In value terms American's share has been relatively 

stable with 13.1% in 1970,11.0% in 1981 and 12.5% in 1986. 

American was unprepared for deregulation but added new routes in January 1979 

and again during 1981, as well as being the first airline to make substantial investments 

in computer reservation systems. American revealed its strength by being the first airline 

to re-equip, when, in February 1984, it placed firm orders for 67 MD80s with options for 

an additional 100 aircraft. These new aircraft orders have seen the average age of 
American's fleet rise from 4.3 years in December 1969 (compared to overall mean 

aircraft age of 3.9 years) to only 10.0 years in December 1986 (mean 11.1 years). By 

the end of December 1986 American's fleet average age was the second lowest of the 

trunk airlines (behind Delta). 

American's fleet has been divided between short/medium range and long-range 

aircraft types, with the B727, B707 and DC10. In terms of value the high-capacity 

aircraft types have been to the fore with the DCIO and B747 reaching a combined 46% 

share in 1980. In 1986 the MD80 and B727 together accounted for 59% of fleet value. 

In the late 1960s American acquired 54 aircraft on capital leases (generally with 

lease terms of 15 years or so), and by the end of 1986 33 % of the fleet was leased 

(including operating leases for 35 MD80s). 
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Table 4-11 American fleet by status and age over time 

and aircmft owned I-P I-op mean ap oldest 

1969 260 206 34 0 4.3 11.5 
1970 258 197 61 0 4.9 12.5 
1971 267 201 66 0 5.5 13.5 
1972 279 209 -70 0 5.9 14.2 
1973 268 198 70 0 6.9 15.2 
1974 255 185 70 0 7.9 16.2 
1975 234 159 75 0 8.4 17.2 
1976 238 153 85 0 8.9 18.2 
1977 247 162 85 0 9.3 19.2 
1978 249 164 85 0 9.5 20.2 
1979 259 177 92 0 10.0 20.9 
1980 270 179 91 0 10.2 17.0 
1981 270 165 105 0 10.3 18.0 
1982 254 156 98 0 10.8 19.0 
1983 248 142 86 20 10.2 20.0 
1984 261 142 84 35 10.3 21.0 

1995 291 170 86 35 10.2 22.0 

1986 335 225 75 35 10.0 23.0 

Table 4-12 American fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vintw 
1958 3 3 3 2 2 2 2 2 1 1 0 0 0 0 0 0 0 

1959 28 21 20 19 19 17 16 14 12 5 4 0 0 0 0 0 0 0 

1960 12 10 7 5 4 2 1 0 0 0 0 0 0 0 0 0 0 0 

1961 13 10 7 4 4 3 2 1 1 0 0 0 0 0 0 0 0 0 

1962 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1963 4 4 6 6 6 6 2 2 2 0 0 0 0 0 0 0 0 0 

1964 16 16 16 16 16 16 16 16 16 16 16 16 16 16 15 14 14 14 

1965 21 21 22 21 19 19 18 18 17 17 17 17 15 14 12 13 13 13 

1966 49 49 48 47 40 36 21 21 21 21 21 21 18 13 8 6 6 6 

1967 40 40 41 41 41 41 39 38 38 38 38 38 23 13 7 3 3 3 

1968 42 42 43 43 43 42 42 42 42 42 42 40 37 32 25 25 25 25 

1969 32 32 33 33 33 33 33 33 33 33 33 33 30 29 20 20 20 20 

1970 10 10 10 10 7 7 7 7 7 7 7 9 9 9 1 0 0 

19171 11 11 11 11 9 8 9 9 9 9 10 10 9 8 8 8 

1972 20 20 20 20 20 20 20 19 20 22 22 22 28 28 28 

1973 0 0 0 0 0 0 0 3 12 14 14 17 18 19 

1974 0 0 0 0 0 0 0 0 0 0 0 1 2 

1975 6 6 6 6 6 6 6 7 7 11 12 12 

1976 10 10 10 10 10 10 10 10 10 10 10 

1977 12 12 12 12 12 12 12 12 12 13 

1978 12 12 12 12 12 12 12 12 12 

1979 13 13 13 13 13 13 13 13 

1980 13 13 13 13 13 13 15 

1981 12 12 12 12 12 12 

1992 3 3 3 3 3 
25 25 25 25 1983 

15 15 15 1984 
28 28 

1985 
39 

1986 
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Table 4-13 American fleet numbers by type 

end 027 b7O7 dcIO MM b747 bac b720 b767 dcg odwr 

1969 98 100 0 27 22 2 11 
1970 98 100 10 27 19 2 2 
1971 100 99 5 16 27 13 6 1 
1972 100 98 25 16 26 8 5 1 
1973 100 96 25 16 19 7 5 0 
19r74 100 93 25 13 16 4 4 0 
1975 106 90 25 11 0 2 0 0 
1976 115 88 25 10 0 0 0 0 
1977 127 84 25 11 0 0 0 0 
1978 136 74 28 11 0 0 0 0 
1979 145 72 31 11 0 0 0 0 
1980 158 67 34 0 11 0 0 0 0 
1981 179 43 34 0 14 0 0 0 0 
1992 177 23 37 0 14 0 0 3 0 0 
1983 169 1 37 20 13 0 0 8 0 0 
1984 164 0 53 33 1 0 0 10 0 0 
1985 164 0 56 56 0 0 0 15 0 0 
1996 164 0 59 88 2 0 0 22 0 0 

Table 4-14 American fleet valuation comparisons over time 

mid VA- an an/wM am amhym t-dbO dbO/dhI 

19*70 872 724 (0.83) 571 (0.66) 893 (1.02) 

1971 1,285 1,060 (0.83) 1,419 (1.10) 1,313 (1.02) 

1972 1,386 1,278 (0.92) 1,453 (1.05) 1,433 (1.03) 

1973 1,565 1,494 (0.95) 1,634 (1.04) 1,623 (1.04) 

1974 1,514 1,422 (0. (M) 1,609 (1.06) 1,567 (1.03) 

19175 1,387 1,323 (0-95) 1,500 (t . 08) 1,440 (1.04) 

1976 1,409 1,310 (0.93) 1,555 (1.10) 1,474 (1-05) 

1977 1,494 1,448 (0-98) 1,799 (1.21) 1,549 (1.04) 

1979 1,717 1,725 (1-00) 2,157 (1.26) 1,804 (1.05) 

1979 1,856 1,899 (1.02) 2,321 (1.25) 1,954 (1.05) 

1980 1,937 2,152 (1.11) 2,454 (1.27) 2,062 (1.06) 

1981 2,269 2,515 (1.11) 2,308 (1.02) 2,422 (1.07) 

1982 2,140 2,337 OAR) 2,290 (1.07) 2,291 (1.07) 

1983 2,393 2,662 (1.11) 2,397 (1-00) 2,553 (1.07) 

1984 2,931 2,929 (1-00) 2,747 (0.94) 3,126 (1.07) 

1985 3,351 3,355 (1-00) 3,485 (1.04) 3,573 (1.07) 

1996 4,206 4,337 (1.03) 3,553 (0.84) 4,466 (1.06) 
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4.11 Airline Fleet Prorile - Continental/Texas Air 

It is difficult to give a consistent historical profile of what had become by December 1986 

the largest airline, grouped under the Texas Air Corp holding company. The roots lie in 

the acquisition in 1981-82 by the smaller local carrier, Texas International, of the larger 

trunk, Continental. In the latter part of 1986 Texas Air bought Eastern and People 

Express. 

I have chosen to start with Continental, then include the Texas International fleet 

from the end of 1981 and then incorporate Eastern (even though it was not combined with 

the existing Continental operations) and People Express for the end of 1986. 

The story is confused further in that as a way of lowering wage costs in the 

aftermath of deregulation Continental sought the protection of Chapter XI reorganisation 

in September 1983, and did not emerge from the proceedings until 1986. 

By the end of the period Continental had a large domestic route network, with 

hubs at Denver and Houston, as well as a number of international operations. 

The Continental fleet started in 1969 with 55 aircraft (2.6 % of US universe fleet), 

increased in 1981 by Texas International to 124 aircraft and reached 158 aircraft (6.1 %) 

by 1985. In December 1986 the combined Texas Air fleets had 599 aircraft (21.5%). By 

value terms Continental's share started at 3.6% in 1970 and had reached 6.0% in mid- 

1986 (though if one added the subsequent purchases of Eastern and People Express the 

Texas Air share would be 19.5%). 

The average age of Continental's fleet has risen from 2.9 years in December 1969 

(compared to overall mean aircraft age of 3.9 years) to 11.4 years in December 1985 

(mean 10.9 years). 
Continental's fleet has consisted of short/medium range aircraft types with the 

B727 and DC9, and the long-range DC10. In terms of value shares the B727 started at 

41 % in 1970, reached a peak of 61 % in 1981 and had fallen to 30 % by 1985. The DC 10 

value share peaked at 56 % in 1976 and was down to only 23 % in 1985. 

Continental first used leasing in 1980 and by 1985 28% of the fleet was leased - 

the comparable 1986 figure for Texas Air was 39%. 
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Table 4-15 Continental/Texas fleet by status and age over time 

and aircmft ownod I-cap I-P mean age Oklem 

1969 55 55 0 0 2.9 7.7 
1970 63 63 0 0 3.4 9.7 
1971 63 63 0 0 4.4 9.7 
1972 58 58 0 0 4.6 10.7 
1973 57 57 0 0 4.4 11.7 
1974 55 55 0 0 4.3 12.7 
1975 59 59 0 0 4.6 13.7 
1976 56 56 0 0 5.2 12.8 
1977 58 58 0 0 6.4 13.9 
1978 67 67 0 0 8.3 14.8 
1979 67 67 0 0 9.3 15.8 
1980 67 63 4 0 9.9 16.8 

1981 124 112 11 1 10.8 17.8 

1982 124 113 11 0 11.7 18.8 

1983 124 113 9 2 12.5 19.8 

1984 129 109 11 9 12.5 2D. 8 

1985 158 114 11 33 11.4 21.8 

1986 359 310 28 21 13.2 23.2 

Table 4-16 Continental/Texas fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vintw 
1962 4 4 4 4 3 1 1 0 0 0 0 0 0 0 0 0 0 0 

1963 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 

1964 3 3 3 2 1 1 1 2 3 3 3 3 3 3 3 3 3 14 

1965 2 2 1 1 0 0 0 0 0 10 10 10 10 10 10 9 9 22 

1966 5 5 5 5 3 3 3 1 2 2 2 1 15 15 13 10 10 15 

1967 19 19 19 10 6 1 1 1 1 1 1 1 13 11 11 11 11 30 

1968 20 20 20 17 15 13 12 12 12 12 12 12 18 19 20 19 19 79 

1969 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5 5 5 41 

1970 8 8 8 8 8 5 5 5 5 5 5 8 8 8 8 8 27 

1971 1 1 1 0 0 0 0 0 0 0 3 4 5 5 5 10 

19n 8 8 8 8 8 8 7 7 7 7 7 7 7 7 22 

1973 10 10 10 10 10 10 10 10 10 10 10 12 12 53 

1974 8 8 8 8 8 8 7 7 7 6 6 6 12 

19r75 8 9 8 8 8 6 6 6 5 5 5 20 

1976 0 0 0 0 0 0 0 0 0 3 23 

1977 0 0 0 0 0 0 0 0 2 19 

1978 0 0 0 0 0 0 0 0 13 

1979 0 0 8 8 8 8 8 25 

1980 4 4 4 4 4 4 25 

7 7 7 7 8 34 
1981 

0 0 0 2 17 
1982 

2 1 1 20 
1983 

9 9 13 
1984 

21 24 
1985 

40 
1986 
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Table 4-17 Continental/Texas fleet numbers by type 

OW b727 dc9 dcIO b737 mdSO b720 T6707 a3OO b747 b757 11011 

1969 15 19 0 8 13 0 
19M 20 19 0 a 13 3 
1971 20 19 0 0 8 12 4 
1972 24 13 5 0 8 4 4 0 
19n 31 7 8 0 7 0 4 0 
1974 35 0 12 0 5 0 3 0 
1975 38 0 16 0 5 0 0 0 
1976 40 0 16 0 0 0 0 0 
1977 42 0 16 0 0 0 0 0 0 
1978 52 0 15 0 0 0 0 0 0 
1979 52 0 15 0 0 0 0 0 0 
1980 53 0 14 0 0 0 0 0 0 0 
1991 60 51 13 0 0 0 0 0 0 0 
1982 60 51 13 0 0 0 0 0 0 0 0 
1983 60 51 11 0 2 0 0 0 0 0 0 

1984 59 47 13 0 10 0 0 0 0 0 0 

1995 64 47 13 17 17 0 0 0 0 0 0 

1986 239 118 15 86 43 0 0 40 8 25 25 

Table 4-18 Continental/Texas fleet valuation comparisons over time 

mid WPC- an all/tAx ainn ann/qw t-dbO dbO/dbl 

1970 240 222 (0.93) 136 (0.57) 247 (1.03) 

1971 309 285 (0.92) 345 (1.12) 316 (1.03) 

1972 370 363 (0-98) 378 (1.02) 388 (1.05) 

1973 385 406 (1.05) 402 (1.04) 411 (1.07) 

1974 458 480 o. 05) 484 (1.06) 492 (1-08) 

1975 523 538 (1.03) 575 (1.10) 565 (1.08) 

1976 548 491 (0-90) 586 (1.07) 593 (1.08) 

1977 515 516 (1-00) 684 (1.33) 558 (1-08) 

1979 519 522 (1.01) 678 (1.31) 562 (1.08) 

1979 530 542 (1.02) 673 (1.27) 575 (1-09) 

1980 513 532 (1.04) 649 (1.26) 558 (1-09) 

1981 641 649 (1.01) 610 (0.95) 695 (1.08) 

1982 913 890 (0.97) 829 (0.91) 967 (1.06) 

1983 852 833 (0-98) 819 (0.96) 900 (1.06) 

1984 967 883 (0.91) 830 (0.86) 1,026 (1.06) 

1985 1,297 1,205 (0.93) 1,262 (0.97) 1,375 (1.06) 

1986 2,019 I, W (0.91) 1,1678 (0.83) 2,105 (1.04) 
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4.12 Airline Fleet Profile - Delta 

Delta is the third largest trunk airline with a comprehensive US domestic route network 
(dominating Atlanta, and with secondary hubs at Dallas/Fort Worth and Cincinnati). The 

acquisition of the ailing Northeast in 1972 added South American routes and, in 
December 1986, Delta strengthened its domestic system with the acquisition of Western 
for $787m. 

Over the period covered (December 1969 to December 1986) Delta's fleet has 

grown from from 129 aircraft (6.1 % of US universe fleet) to 346 aircraft (12.4 %), with 
261 new deliveries and only 39 net departures (the two acquisitions included a total of 
120 aircraft). In value terms Delta's share has grown significantly from 5.7% in 1970, 
10.2% in 1981 and, including Western, 13.5% in 1986. 

The steady buying of new aircraft has seen the average age of Delta's fleet rise 
from 3.9 years in December 1969 (compared to overall mean aircraft age of 3.9 years) 
to 9.0 years in December 1986 (mean 11.1 years). By the end of December 1986 Delta's 

fleet average age was the lowest of the trunk airlines. 
Delta's fleet has been concentrated predominantly on short/medium range aircraft 

types with the B727 and the DC9, though with significant numbers of high-capacity 

aircraft. In terms of value shares the DC8 has declined from a high of 67% in 1970 to 

under 20% from 1977 onwards, while the B727 share peaked at 56% in 1981 and was 

still the most important type in 19 96 with 26 %, followed by the L 10 11, B757, B737 and 
B767. 

In the early 1970s Delta acquired aircraft on capital leases (from Northeast), but 

leases were not again important until the end of the period when operating leases (for 

new B737-300s and from sale-and-leasebacks on the Western fleet) accounted for 36% 

of the fleet in 1986. 
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Table 4-19 Delta fleet by status and age over time 

and aircraft owned I-cap I-Op nran aw oldest 

1969 129 129 
1970 136 136 
1971 142 142 
1972 178 ISO 

1973 180 152 
1974 181 159 
1975 191 173 
1976 197 190 

1977 192 195 

1978 202 195 

1979 208 201 

1980 214 208 

1991 215 213 

1982 216 216 

1983 226 215 

1984 237 190 

1985 246 193 

1986 351 211 

0 0 3.9 10.5 
0 0 4.6 11.5 
0 0 5.3 12.5 

29 0 6.1 13.5 
28 0 5.9 14.5 
22 0 5.4 15.5 
18 0 5.6 16.5 
7 0 6.1 17.5 
7 0 6.1 18.2 
7 0 6.5 19.2 
7 0 6.8 2D. 2 
6 0 7.0 18.5 

2 0 7. S 14.7 
0 0 7.9 15.7 

0 11 8.1 16.7 

0 47 7.7 17.7 

0 53 8.4 18.7 
15 125 9.0 19.7 

Table 4-20 Delta fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 92 83 84 85 86 

vintage 
1959 5 5 5 5 5 5 5 5 4 4 3 0 0 0 0 0 0 0 

1960 13 12 12 12 8 0 0 0 0 0 0 0 0 0 0 0 0 0 

1961 7 7 7 7 5 1 1 1 0 0 0 0 0 0 0 0 0 0 

1962 9 9 9 9 8 5 5 4 3 2 1 1 0 0 0 0 0 0 

1963 2 2 2 2 2 2 2 1 1 1 1 0 0 0 0 0 0 0 

1964 3 3 3 3 3 3 3 3 2 2 2 2 0 0 0 0 0 0 

1965 8 8 8 9 6 6 6 5 1 1 1 1 0 0 0 0 0 0 

1966 11 11 10 20 11 9 4 4 0 0 0 0 0 0 0 0 0 0 

1967 17 17 17 32 27 21 17 13 8 6 6 6 6 3 3 3 3 3 

1968 33 33 33 39 39 36 36 36 36 34 31 29 28 26 22 22 22 32 

1969 21 21 21 25 25 25 25 25 2S 25 22 20 20 17 16 16 16 26 

1970 8 8 8 8 7 6 6 5 5 5 5 3 3 3 3 3 3 

1971 7 7 7 7 7 7 5 5 5 5 5 5 5 5 5 5 

1972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 

1973 26 26 26 26 26 26 26 26 26 26 24 9 8 9 

1974 28 28 28 28 28 28 28 28 28 28 21 21 28 

1975 20 20 20 20 20 20 20 20 20 20 20 20 

1976 13 13 13 13 13 13 13 13 13 13 14 

1977 15 is 15 15 15 15 Is 15 Is 22 

1978 15 15 15 15 15 15 15 15 22 

1979 14 14 14 14 14 14 13 18 

1980 14 14 14 14 15 17 27 

1981 8 8 8 8 8 It 

1982 9 9 9 9 11 
17 17 17 17 1983 

33 33 38 1984 
8 14 

1985 
26 

1986 
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Table 4-21 Delta fleet numbers by type 

OVA b727 dc9 dc8 11011 b737 odrr b767 b757 b747 dcIO 

1969 0 72 41 0 16 0 
1970 0 77 41 0 15 3 
1971 0 81 41 0 15 5 0 
1972 21 90 41 0 0 21 5 0 
1973 41 75 41 4 0 14 5 0 
1974 54 66 34 Is 0 5 4 0 
1975 74 62 34 18 0 0 3 0 
1976 84 58 31 21 0 0 3 0 
1977 92 53 24 23 0 0 0 0 
1978 106 49 23 24 0 0 0 0 
1979 114 43 21 30 0 0 0 0 
1900 124 39 17 34 0 0 0 0 

1981 129 36 13 37 0 0 0 0 

1982 122 36 12 42 0 0 4 0 0 0 

1963 115 36 13 43 6 0 13 0 0 0 

1984 102 36 13 34 33 0 15 4 0 0 

1985 102 36 13 35 33 0 15 12 0 0 

1986 138 36 13 35 78 0 20 22 0 9 

Table 4-22 Delta fleet valuation comparisons over time 

nuid two an all/typr, am amA3, w t-dbO dbO/dbl 

19M 379 377 (1-00) 308 (0.81) 392 (1.04) 

1 gr7l 492 450 (0.93) 490 (1.02) 503 (1.04) 

1972 509 486 (0-95) 480 (0.94) 527 (1.04) 

1973 669 644 (0-96) 618 (0.92) '701 (1-05) 

19r74 937 915 (0-98) 936 (1-00) 983 (1.05) 

1975 1,082 1,057 (0-98) 1,123 (1. (M) 1,133 (1-05) 

1976 1,244 1,199 (0.96) 1,287 (1.03) 1,305 (1-05) 

1977 1,318 1,319 (1.00) 1,503 (1.14) 1,388 (1.05) 

1978 1,477 1,507 (1.02) 1,718 (1.16) 1,552 (1.05) 

1979 1,664 1,746 (1.05) 2,058 (1.24) 1,751 (1.05) 

1980 1,924 2,059 (1.07) 2,266 (1.18) 2,025 (1.05) 

1981 2,099 2,238 (1.07) 2,457 (1.17) 2,2D6 (1-05) 

1992 2,261 2,295 (1.01) 2,271 (1-00) 2,369 (1.05) 

1983 2,430 2,721 (1.12) 2,420 (1-00) 2,518 (1.04) 

1984 Z791 2,902 (1.04) 2,599 (0.93) 2,876 (1.03) 

1995 3,304 3,406 (1.03) 3,248 (0-98) 3,391 (1.03) 

1986 3,549 3,762 (1.06) 3,360 (0.95) 3,641 (1.03) 
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4.13 Airline Fleet Profdie - Eastern 

Eastern is best known for its East coast shuttle linking Boston, New York and 
Washington. There are other US domestic routes as well as services to the Caribbean and 
South America (some acquired from Braniff in 1982). Eastern was acquired by Texas Air 

in 1986 for $660m. 

Over the period from December 1969 to December 1985 Eastern's fleet grew 
from 246 aircraft (11.6% of US universe fleet) to 279 aircraft (10.8%), with 178 new 
deliveries and 145 departures. In value terms Eastern's share has been relatively stable 

with 9.8% in 1970,11.2% in 1981 and 9.7% in 1986. 

Since deregulation Eastern has been bedevilled by financial and labour difficulties. 

The lack of significant new aircraft orders has seen the average age of Eastern Is fleet rise 
from 4.1 years in December 1969 (compared to overall mean aircraft age of 3.9 years) 

to 11.9 years in December 19 85 (mean 11.1 years). 
Eastern's fleet has been concentrated predominantly on short/medium range 

aircraft types with the B727 and the DC9. In terms of value shares the high-capacity 

aircraft types - firstly with the DC8 and latterly the L101 1 and A300 - have been 

important, with a low share of 22% in 1972 and a high share of 47% in 1983. 

Capital leases have always been an important method of new aircraft acquisition 

for Eastern, and have generally accounted for 30-40% of fleet numbers. 
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Table 4-23 Eastem fleet by status and age over time 

aid aircmft owned I-P I-Op mean or oldest 

1969 246 16S 81 0 4.1 11.2 
1970 246 1-70 76 0 4.6 12.2 
1971 237 161 76 0 5.4 13.2 
1972 240 161 79 0 5.9 14.1 
1973 250 167 83 0 6.0 15.1 
1974 243 166 77 0 6.9 16.1 
1975 242 174 68 0 7.8 17.1 
1976 248 176 72 0 8.6 18.1 
1977 252 165 83 4 8.7 19.1 
1979 249 161 88 0 8.9 20.0 
1979 258 169 89 0 9.3 21.0 
1980 273 174 94 5 9.6 21.9 
1981 274 160 105 9 9.8 18.1 
1982 262 148 109 5 9.8 19.0 
1983 279 185 89 5 10.3 20.0 
1984 276 196 75 5 11.1 21.0 

1985 279 201 78 0 11.9 22.0 

Table 4-24 Eastern fleet vintage numbers over time 

OM 69 170 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vintage 
1958 8 7 4 3 3 3 3 3 2 0 0 0 0 0 0 0 0 

1959 17 17 15 13 13 12 12 11 6 2 2 1 0 0 0 0 0 

1960 10 10 8 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

1961 12 5 5 4 0 0 0 0 0 0 0 0 0 0 0 0 0 

1962 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1963 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 

1964 22 22 22 22 22 21 21 21 21 21 21 21 20 9 11 11 11 

1965 18 18 18 18 18 18 18 18 18 18 18 18 11 9 13 13 13 

1966 25 20 20 19 19 16 16 16 16 15 9 8 7 5 5 5 5 

1967 39 39 37 37 35 35 35 35 35 33 33 31 25 19 19 19 19 

1968 67 67 67 63 62 62 60 60 54 46 46 47 47 46 43 39 39 

1969 23 23 23 21 19 16 16 16 16 16 16 16 18 19 18 18 17 

1970 15 15 15 15 15 14 14 14 14 14 15 17 17 17 17 17 

1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1972 17 17 17 16 16 16 16 16 17 17 17 16 13 13 

1973 25 25 25 24 23 22 22 23 23 23 21 21 21 

1974 1 1 1 1 1 1 1 1 1 1 1 2 

1975 3 3 3 7 7 7 7 7 7 7 8 

1976 8 8 8 9 8 8 8 8 8 8 

1977 17 17 17 17 17 17 17 17 17 

1978 11 11 9 8 8 8 8 8 

1979 15 15 15 15 15 15 15 

1980 17 17 17 17 17 17 

1981 14 14 14 14 14 

it 11 11 10 1982 
17 17 17 

1983 
4 4 

1984 
3 

1985 
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Table 4-25 Eastern fleet numbers by type 

end b727 dc9 11011 dc8 &300 Otbor b757 '020 dcIO 

1969 86 87 39 25 9 
1970 101 82 39 24 0 
1971 101 82 35 19 0 0 
1972 109 so 9 26 16 0 0 
1973 118 82 25 9 16 0 0 
1974 114 81 26 7 15 0 0 
1975 113 81 28 5 15 0 0 
1976 119 81 29 5 t4 0 0 
1977 120 85 30 5 4 8 0 0 
1978 124 79 32 5 7 2 0 0 
1979 134 73 32 5 12 2 0 0 
1980 145 71 32 5 19 1 0 0 
1981 142 71 31 5 25 0 0 0 
1982 123 71 31 5 30 0 2 0 0 
1983 126 71 28 5 34 0 15 0 0 

1984 126 71 25 1 34 0 19 0 0 

1985 125 71 25 0 34 0 22 0 2 

Table 4-26 Eastern fleet valuation comparisons over time 

Inid vm au all/typt ann a-/em t-db0 db0/dbl 

1970 650 663 (1.02) 5m (0.84) 694 (1.07) 

1971 783 704 (0-90) 796 (1.02) 839 (1.07) 

1972 8= 726 (0-88) 781 (0-95) 876 (1.06) 

1973 1,029 993 (0-96) 980 (0-95) 1,090 (1.06) 

1974 1,191 1,183 (0-99) 1,216 (1.02) 1,252 (1.05) 

1975 1,158 1,132 (0-98) 1,151 (0-99) 1,215 (1.05) 

1976 1,202 1,152 (0-96) 1,284 (1.07) 1,261 (1.05) 

1977 1,287 1,288 0-00) 1,454 (1.13) 1,351 (1-05) 

1978 1,532 1,567 (1.02) 1,772 ý(1.16) 1,607 (1.05) 

1979 1,644 1,729 (1.05) 1,977 (1-20) 1,727 (1.05) 

1980 2,004 2,160 (1.08) 2,334 (1.16) 2,108 (1-05) 

1981 2,320 2,461 (1.06) 2,597 (1.12) 2,443 (1.05) 

1982 2,572 2,569 (1-00) 2,511 (0-98) 2,702 (1.05) 

1983 2,741 2,895 (1.06) 2,830 (1.03) 2,861 (1.04) 

1984 3,057 2,966 (0.97) 2,967 (0.97) 3,182 (1.04) 

1985 3,148 3,125 (0-99) 2,991 (0-95) 3,274 (1.04) 

1986 3,283 3,299 0.00) 2,867 (0. " 3,414 (1.04) 
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4.14 Airline Fleet Prortle - Northwest 

Northwest was better known for its Far Eastern routes from its Minneapolis headquarters 
but the acquisition of Republic (also with a strong position at Minneapolis/St Paul) for 
$862m in August 1986 has improved the domestic network. 

Over the period covered (December 1969 to December 1986) Northwest's fleet 

grew from 117 aircraft (5.5 % of US universe fleet) to 130 aircraft (5.0 %) in 1985 and, 
with the Republic fleet, to 312 aircraft (11.2%). In value terms Northwest's share has 

also increased from 7.3% in 1970,8.6% in 1981 and 11.8% in 1986. 

Northwest was quick to replace its B707s with B747s in the 1970s but was then 

slow to re-equip in the 1980s. The average age of Northwest's fleet has risen from 4.0 

years in December 1969 (compared to overall mean aircraft age of 3.9 years) to 13.0 

years in December 1986 (mean 11.1 years). 
Somewhat belatedly, in October 1985, Northwest ordered 10 B747s and 10 B757s 

(costing $2. Obn) and then, in October 1986, became the first US carrier to buy the A320 

with an order including options for 100 aircraft (worth a possible $3. Obn). 

Northwest's fleet has been concentrated predominantly on short/medium range 

aircraft types with the B727 ( and the DC9 from Republic) and the remainder being long- 

range. While the share of the B727 by value has fallen from 40 % in 1970 to 18 % in 

1986, in nearly all the years the long-range aircraft have accounted for between 65-75 % 

of Northwest's fleet value. 
Almost unique among airlines, Northwest owned all its fleet until 1985 but, 

following the Republic acquisition in 1986, leases now account for 17% of its aircraft. 
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Table 4-27 Northwest fleet by status and agýe over time 

end aircraft owned I-P I-P rMan age okicst 

1969 117 117 0 0 4.0 10.0 
1970 124 124 0 0 4.5 11.0 
1971 120 120 0 0 4.9 12.0 
1972 108 108 0 0 5.2 11.3 
1973 111 111 0 0 5.3 9.7 
1974 105 105 0 0 5.6 10.1 
I 9r75 113 113 0 0 5.9 11.1 
1976 113 113 0 0 6.9 12.1 
1977 110 110 0 0 6.8 12.8 
1978 106 106 0 0 7.1 13.2 
1979 110 110 0 0 7.5 14.2 
1980 117 117 0 0 8.0 15.2 
1981 112 112 0 0 9.5 16.2 
1982 112 112 0 0 9.5 18.1 
1983 117 117 0 0 10.6 19.1 
1984 119 119 0 0 11.2 20.1 

1985 130 125 5 0 11.2 21.1 

1986 359 310 28 21 13.2 23.2 

Table 4-28 Northwest fleet vintage numbers over time 

cnd 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 96 

vi-tw 
1959 3 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1960 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1961 18 16 11 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1962 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1963 6 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1964 9 9 9 8 7 3 3 3 0 0 0 0 0 2 3 3 3 3 

1965 16 16 16 15 13 11 11 11 9 4 2 2 2 3 4 4 4 5 

1966 18 18 18 18 14 11 10 10 8 7 6 6 1 0 0 0 0 20 

1967 11 11 11 11 11 8 6 6 6 6 6 6 4 2 2 2 2 25 

1968 17 17 17 17 17 17 17 15 9 7 7 7 7 5 5 5 5 37 

1969 19 19 19 19 19 18 18 18 18 18 18 18 18 18 18 18 18 38 

1970 10 to 10 10 10 10 12 12 12 12 12 12 14 16 16 16 23 

1971 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 8 

1972 2 2 2 2 2 2 2 2 2 2 2 2 0 0 2 

1973 13 13 13 13 13 13 13 13 13 13 13 12 12 15 

1974 7 7 7 7 7 7 7 7 7 7 7 7 7 

1975 11 11 11 11 11 11 11 11 11 it it 13 

1976 0 0 0 0 0 0 0 0 0 0 9 

1977 10 10 10 10 10 10 10 10 10 13 

1978 4 4 4 4 4 4 4 4 11 

7 7 7 7 7 9 8 19 
1979 

7 7 7 7 7 7 17 
1980 

2 2 2 2 2 
1981 

0 0 0 
1982 

1 1 
1983 

4 4 4 
1984 

11 14 
1985 

15 
1986 

193 



Table 4-29 Northwest fleet numbers by type 

aid b727 b747 dcIO W07 dc9 b720 b757 Otbor 

1969 S6 0 36 0 16 9 
1970 56 10 36 0 16 6 
1971 56 15 0 33 0 14 2 
1972 56 15 2 30 0 5 0 
1973 56 15 15 23 0 2 0 
1974 55 15 22 13 0 0 0 
1975 63 is 22 10 0 0 0 
1976 63 20 22 8 0 0 0 
1977 65 21 22 2 0 0 0 
1978 63 21 22 0 0 0 0 
1979 62 26 22 0 0 0 0 
1980 66 29 22 0 0 0 0 0 
1981 61 29 22 0 0 0 0 0 
1902 61 29 22 0 0 0 0 0 
1983 65 30 22 0 0 0 0 0 0 
1984 65 35 19 0 0 0 0 0 0 
1995 65 35 19 0 0 0 11 0 0 
1996 8D 38 21 0 126 0 26 13 8 

Table 4-30 Northwest fleet valuation comparisons over time 

mid type all allltype am a-/type WbO dbO/dbl 

ITM 488 423 (0.87) 310 (0.64) 503 (1.03) 
1971 690 612 (0-89) 770 (1.12) 709 (1.03) 

1972 671 636 (0-95) 705 (1.05) 694 (1.03) 

19n 788 761 (0.97) 780 (0-99) $23 (1-05) 

1974 916 927 (1.01) 943 (1.03) 969 (1 M) 

1975 910 942 (1.04) 947 (1.04) 970 (1.07) 

1976 1,144 1,106 (0.97) 1,255 (1.10) 1,221 (1.07) 

1977 1,153 1,177 (1.02) 1,399 (1.21) 1,229 (1.07) 

1978 1,291 1,302 (1.01) 1,614 (1.25) 1,376 (1.07) 

1979 1,454 1,478 (1.02) 1,908 (1.31) I, W (1.06) 

1980 1,716 1,760 (1.03) 2,173 (1.2*7) 1,820 (I. W 

1981 1,785 1,783 (1-00) 1,899 (1-06) 1,892 (1.06) 

1992 1,615 1,681 (1.04) 1,782 (1.10) 1,712 (1.06) 

1983 1,579 1,671 (1.06) 1,546 (0-98) 1,676 (1.06) 

1984 1,855 1,742 (0.94) 1,759 (0.95) 1, %2 (1.06) 

1985 2,069 1,948 (0.94) 1,904 (0.92) 2,180 (1-05) 

1986 2,570 2,437 (0.9s) 2,174 (0.85) 2,694 (1-05) 
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4.15 Airline Fleet Profile - Pan American 

Pan Am was (! ) better known a pioneer of international aviation and was one of the two 
US airlines (along with TWA) allowed to fly the Atlantic (before the liberalisation in the 
1980s). Despite the acquisition of National for $425m in 1980 it lacked the necessary 
domestic feed and cost-efficiency to cope with the deregulated environment. Survival was 
prolonged through a series of asset sales including the Pan Am building in New York, 

Intercontinental Hotels and, in 1986, Pacific routes and fleet to United for $0.7bn. 

Over the period covered (December 1969 to December 1986) Pan Am's fleet fell 

from 15 8 aircraft (7.5 % of US universe fleet) to 112 aircraft (4.0 %). In value term s the 

story is very similar with 14.2 % in 1970,9.7 % in 1981 and only 6.1 % in 1986. 

The lack of significant new aircraft orders has seen the average age of Pan Am's 

fleet rise from 4.4 years in December 1969 (compared to overall mean aircraft age of 3.9 

years) to 12.7 years in December 1986 (mean 11.1 years) - 
Pan Am's fleet has been concentrated predominantly on long range aircraft types 

with the B747 replacing the B707, although the National acquisition added mainly B727s. 

In terms of value shares the high-capacity aircraft types have been dominant, with a 

combined share above 90% throughout the 1970s, and even in 1986 the B747 share was 

still 47% - while the newly acquired A300 and A310 accounted for 34%. 

In addition to the B747 capital leases the 1980s saw a rapid increase in operating 

leases to 50% of the fleet by the end of 1986. 
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Table 4-31 Pan Am fleet by status and age over time 

aid aircmft owned I-Cap I-P numn age oldest 

1969 158 148 10 0 4.8 11.3 
ITM 176 156 20 0 5.1 12.3 
1971 170 148 22 0 5.5 13.3 
1972 163 141 22 0 6.3 14.3 
1973 158 135 23 0 7.1 15.3 
1974 147 124 23 0 7.9 16.3 
19175 124 103 21 0 8.5 16.4 
1976 117 92 25 0 9.9 17.4 
1977 98 74 24 0 9.0 13.8 
1978 90 64 26 0 9.5 14.8 
1979 86 60 26 0 9.4 14.9 
1980 148 122 26 0 10.6 16.2 
1981 145 109 28 8 10.7 17.2 
1982 148 102 28 18 11.1 18.2 
1983 131 8D 27 24 11.7 19.2 
1984 119 66 21 32 11.3 2D. 2 
1985 108 52 14 42 12.2 18.0 
1986 359 310 28 21 13.2 23.2 

Table 4-32 Pan Am fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 79 79 80 81 82 83 84 85 86 

vi-tw 
1958 4 4 4 4 4 4 0 0 0 0 0 0 0 0 0 0 0 0 

1959 15 13 7 5 5 4 2 2 0 0 0 0 0 0 0 0 0 0 

1960 10 10 6 4 4 3 0 1 0 0 0 0 0 0 0 0 0 0 

1961 9 7 6 6 3 0 2 1 0 0 0 0 0 0 0 0 0 0 

1962 8 8 8 5 5 5 7 6 0 0 0 0 0 0 0 0 0 0 

1963 3 3 3 3 3 3 3 0 0 0 0 0 0 0 0 0 0 0 

1964 8 8 8 8 8 8 5 3 2 2 0 4 4 4 4 1 0 0 

1965 12 12 12 12 11 11 10 10 10 5 2 13 11 11 11 2 0 0 

1966 27 27 27 27 26 21 13 12 11 10 9 10 9 4 3 0 0 0 

1967 29 29 29 29 29 28 26 23 15 12 11 14 8 5 3 3 3 3 

1969 19 19 is 18 17 17 13 12 12 10 7 28 27 29 28 23 23 23 

1969 14 14 14 14 14 14 14 12 12 12 12 12 11 11 8 7 7 7 

1970 22 22 22 22 22 22 22 21 22 22 22 22 24 22 24 28 21 

1971 6 6 6 6 6 6 7 7 7 10 10 10 6 6 6 6 

1972 0 0 0 0 0 0 0 0 6 6 8 2 2 2 2 

1973 1 1 1 1 1 1 1 3 3 3 3 5 5 8 

1974 0 0 0 0 0 0 0 0 0 1 2 2 7 

1975 0 0 0 0 0 4 4 4 1 1 1 

1976 6 6 6 6 6 6 6 5 6 1 1 

1977 1 1 1 1 1 1 1 2 2 2 

1978 2 2 2 2 2 2 2 0 0 

1979 6 6 6 5 7 7 4 4 

1980 7 7 7 10 7 0 0 

1981 8 8 9 9 2 2 

1982 6 6 6 6 6 

0 0 0 0 1983 
4 4 7 

1984 
12 12 

1985 
0 

1986 
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Table 4-33 Pan Am fleet numbers by type 

end W07 b747 b727 b737 11011 dcIO b720 000 otbor dc8 

1969 122 2 24 0 9 0 1 
1970 118 24 24 0 9 0 1 
1971 107 30 24 0 0 9 0 0 
1972 103 30 24 0 0 0 6 0 0 
1973 100 31 24 0 0 0 3 0 0 
1974 96 31 20 0 0 0 0 0 0 
1975 75 31 14 0 0 0 4 0 0 
1976 6S 37 13 0 0 0 2 0 0 
1977 47 38 13 0 0 0 0 0 0 0 
1979 36 41 13 0 0 0 0 0 0 0 
1979 26 45 15 0 0 0 0 0 0 0 
1990 24 4S 57 0 6 16 0 0 0 0 
1991 17 45 55 0 12 16 0 0 0 0 
1982 12 44 54 10 12 16 0 0 0 0 
1983 6 43 53 16 12 1 0 0 0 0 

1984 0 48 41 16 9 1 0 4 0 0 
1995 0 42 38 12 0 0 0 12 4 0 
1986 0 35 46 12 0 0 0 12 7 0 

Table 4-34 Pan Am fleet valuation comparisons over time 

mid wm au awqw am a-/qW t-dbO dbO/dbl 

1970 943 885 (0.94) 605 (0.64) 939 (1-00) 

1971 1,163 1,067 (0.92) 1,357 (1.17) 1,157 (0-99) 

1972 1,035 1,042 (1.01) 1,165 (1.13) 1,033 (1-00) 

1973 1,074 1,053 (0-98) 1,104 (1.03) 1,070 (1-00) 

1974 1,090 1,056 (0.97) 1,169 (1.07) 1,086 (1-00) 

1975 924 954 (1.03) 1,041 (1.13) 924 (1-00) 

19176 935 1,040 (1.11) 1,116 (1.19) 945 (1.01) 

1977 998 1,090 (1109) 1,153 (1.16) 1,017 (1.02) 

1978 1,079 1,167 (1.08) 1,405 (1.30) 1,107 (1.03) 

1979 1,063 1,236 (1.16) 1,716 (1.61) 1,094 (1.03) 

1980 1,749 1,989 (1.14) 2,445 (1.40) 1,835 (1.05) 

1981 1,998 2,135 (1.07) 2,317 (1.16) 2,095 (1-05) 

1982 2,119 2,239 (1.06) 2,5M (1.18) 2,217 (1.05) 

1983 1,971 2,143 (1.09) 2,030 (1.03) 2,063 (1.05) 

1984 1,808 1,830 (1.01) 1,873 (1.04) 1,881 (1.04) 

1995 2,283 2,258 (0-99) 2,121 (0.93) 2,374 (1.04) 

1986 2,043 1,994 (0.97) 1,767 (0.86) 2,124 (1.04) 

197 



4.16 Airline Fleet Profile - Trans World Airways 

TWA is similar to Pan Am in that is best known as a transatlantic airline and, prior to 
the acquisition of Ozark in 1986, had only a limited domestic route network (though it 

now dominates St Louis). In much the same fashion, though not hastened as in Pan Am's 

case with a poor merger, TWA has declined over time with industry deregulation. 

TWA's fleet fell from 225 aircraft (10.6% of US universe fleet) in 1970 to 165 

aircraft (6.4 %) by 1985, with 122 new deliveries outweighed by 182 departures. The 

addition of Ozark saw the fleet rise to 208 aircraft (7-5 %) by the end of 1986. In value 
terms TWA's share has declined substantially from 12.7 % in 1970 to 7.4 % in 1981 and 
6.3 % in 1986 (Ozark would have added 1.1 %). In September 1985 Carl Icahn acquired 
TWA. 

TWA was able to afford only modest numbers of new aircraft over the period and 
hence the average age of TWA's fleet has risen from 4.9 years in December 1969 

(compared to overall mean aircraft age of 3.9 years) to 13.5 years in December 1986 

(mean 11.1 years). By the end of December 1986 TWA's fleet average age was the 

highest of the trunk airlines. 
TWA's fleet has been divided between the B727 and longer-range types (B707 

then L1011 and B747). In terms of value shares the high-capacity types have been 

dominant, leaving the B727 share to start at 28% in 1970 and peak at 38% in 1980. In 

mid-1986 the fleet value was shared fairly evenly between five types. 

For most of the period capital leases represented between 20-25 % of the fleet but 

in the mid 1980s operating leases were used extensively (for the acquisition of MD80s 

and sale-and-leaseback transactions for much of Ozark's fleet). By the end of 1986 40% 

of the fleet were on operating leases, and a further 8% were capital leases. 

198 



Table 4-35 TWA fleet by status and age over time 

end aircmft owmod I-Cap I-OP mean agr. Oidest 

1969 225 182 43 0 4.9 11.0 

1970 244 186 58 0 5.4 12.0 

1971 240 180 60 0 5.8 12.7 

1972 244 188 56 0 6.6 13.7 

1973 251 191 60 0 7.4 14.7 

1974 2S4 192 62 0 7.8 15.7 

1975 248 186 62 0 8.7 16.1 

1976 249 197 62 0 9.7 17.1 

1977 244 182 62 0 10.7 18.1 

1979 223 161 62 0 11.2 19.1 

1979 215 153 62 0 11.5 2D. 1 

1980 217 157 60 0 11.7 I&S 

1981 221 159 62 0 12.5 19.9 

1992 184 122 62 0 12.2 20.6 

1983 175 110 41 24 11.2 21.0 

1984 159 93 29 37 11.1 20.7 

1995 165 107 17 41 11.9 21.7 

1986 359 310 28 21 13.2 23.2 

Table 4-36 TWA fleet vintage numbers over time 

em 69 70 71 72 73 74 75 76 77 78 79 80 91 92 83 84 85 96 

vintw 
1959 19 19 6 5 5 5 3 3 3 2 1 0 0 0 0 0 0 

1960 15 14 13 13 13 13 13 13 13 7 1 0 0 0 0 0 0 0 

1961 19 19 19 18 17 10 10 10 10 0 0 0 0 0 0 0 0 0 

1962 20 20 20 20 20 19 19 19 19 19 19 19 19 4 1 0 0 0 

1963 5 4 4 4 4 4 4 4 4 4 4 4 

1964 25 25 25 25 25 25 25 25 25 25 25 24 24 21 19 16 16 16 

1965 11 10 10 11 11 11 11 11 11 11 10 10 10 10 7 5 5 5 

1966 28 28 28 28 28 28 27 27 22 22 19 15 15 10 4 2 2 4 

1967 29 29 29 29 29 29 29 29 29 26 22 19 19 3 3 0 0 11 

1969 24 24 24 24 24 24 24 24 24 24 24 24 24 22 14 13 13 28 

1969 30 30 30 29 29 28 26 26 26 25 25 23 23 21 20 14 14 19 

1970 22 22 22 22 21 16 16 16 16 16 17 18 18 16 16 16 17 

1971 10 10 10 10 8 9 9 9 9 9 9 9 9 9 11 

6 6 6 6 6 6 6 6 
1972 

8 7 7 7 7 7 7 
1973 

14 14 14 14 14 14 14 14 14 14 14 14 15 
1974 

6 6 6 6 6 
1975 

0 0 0 
1976 

0 
1977 

0 0 0 0 0 0 0 0 0 
1978 

7 7 7 7 7 7 7 8 
1979 

13 13 13 13 12 11 it 
1980 2 2 2 2 2 2 
1981 6 6 6 6 6 
1982 18 18 is Is 
1993 6 6 8 
1984 4 6 
1985 0 
1986 
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Table 4-37 TWA fleet numbers by type 

end b727 b7O7 11011 b747 dc9 othar mdSO b767 

1969 59 120 2 19 25 
1970 67 119 t4 19 25 
1971 72 105 19 19 25 
1972 72 104 6 19 19 24 
1973 72 104 14 19 19 23 
1974 74 102 24 19 19 16 
1975 74 99 30 10 19 16 

1976 74 99 30 11 19 16 
1977 74 99 30 11 14 16 
1978 74 94 30 11 14 0 
1979 81 86 30 11 7 0 

1980 90 82 30 15 0 0 0 
1961 90 81 32 is 0 0 0 
1982 92 46 35 18 0 0 0 3 
1993 92 19 35 Is 0 0 11 10 
1984 92 0 33 19 0 0 15 10 
1985 82 0 33 21 0 0 19 10 
1986 79 0 33 17 46 0 23 10 

Table 4-38 TWA fleet valuation comparisons over time 

mid tyw all all/typr, ann 2-/M- t-dbO dbO/dbl 

1970 845 801 (0.95) 569 (0.67) 852 (1.01) 

1971 1,127 1,012 (0-90) 1,286 (1.14) 1,136 (1.01) 

1972 1,099 1,043 (0-95) 1,177 (1.07) 1,114 (1.01) 

1973 1,304 1,250 (0.96) 1,334 (1.02) 1,322 (1.01) 

1974 1,491 1,431 (0.96) 1,603 (1.07) 1,511 (1.01) 

1975 1,391 1,367 (0-99) 1,520 (1.09) 1,412 (1.02) 

1976 1,296 1,296 (1.00) 1,451 (1.12) 1,321 (1.02) 

1977 1,325 1,373 (1.04) 1,570 (1.18) 1,349 (1.02) 

1978 1,328 1,418 (1.07) 1,672 (1.26) 1,354 (1.02) 

1979 1,323 1,470 (1.11) 1,782 (1.35) 1,353 (1.02) 

1980 1,499 1,817 (1.21) 1,999 (1.33) 1,554 (1. (M) 

1981 1,526 1,852 (1.21) 1,911 (1.25) 1,590 (1.04) 

1982 1,621 1,848 (1.14) 2,014 (1.24) 1,684 (1. (M) 

1983 1,735 2,080 (1-20) 1,898 (1.09) 1,803 (1.04) 

1984 2,087 2,216 (1.06) 2,137 (1.02) 2,169 (1.04) 

1985 2,188 2,318 (1.06) 2,156 (0-99) 2,278 (1.04) 

1986 2,135 2,302 (1.09) 2,037 (0-95) 2,226 (1. (M) 

200 



4.17 Airline Fleet Profile - United 

United is the largest trunk airline with a comprehensive US domestic route network 
(dominating Chicago, and with secondary hubs at Denver and San Francisco) and limited 
international expansion from the acquisition of Pan Am's Pacific routes and fleet for 
$0.7bn in February 1986. The early part of 1979 saw a two month strike and there was 
a further strike in the middle of 1985. 

Over the period covered (December 1969 to December 1986) United's fleet fell 
from 388 aircraft (18.3% of US universe fleet) to 359 aircraft (12.9%), with 163 new 
deliveries outweighed by 192 departures. In value terms United's share has been 

relatively stable with 14.7% in 1970,14.2% in 1981 and 13.0% in 1986. 

United was slow to take advantage of the opportunities after the ending of 
regulation and failed to order new aircraft for replacement and expansion. The lack of 
significant new aircraft orders has seen the average age of United's fleet rise from 4.1 

years in December 1969 (compared to overall mean aircraft age of 3.9 years) to 13.2 

years in December 1986 (mean 11.1 years). By the end of December 1986 United's fleet 

average age was the second highest of the trunk airlines (behind TWA). 

Somewhat belatedly, in November 1985, United announced what was then the 

largest single new aircraft order (for 110 B737s and six B747s - worth in total $3. lbn). 

But this order was heavily weighted towards domestic short-haul requirements and the 

firm part of the order involved only 46 aircraft. 
United's fleet has been concentrated predominantly on short/medium range aircraft 

types with the B727 and the B737. In terms of value shares the high-capacity aircraft 

types - firstly with the DC8 and latterly the B747 and DC10 - have been dominant, with 

a low of 36% in 1970 and a high of 64% in 1976. 

In the late 1960s United acquired 75 aircraft on capital leases (generally with lease 

terms of 15 years or so), but by the end of 1986 only 14% of the fleet was leased. 
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Table 4-39 United fleet by status and age over time 

end aircraft ownod I-P I-P mean ago oldest 

1969 388 313 75 0 4.1 10.6 
19M 392 312 80 0 5.0 11.6 
1971 393 308 85 0 5. s 12.6 
1972 392 306 86 0 6.5 13.6 
1973 390 298 92 0 7.2 14.6 
1974 391 299 92 0 8.0 15.6 
1975 389 297 92 0 8.8 16.6 
1976 364 278 86 0 9.4 17.6 
1977 360 274 86 0 10.3 18.6 
1978 337 274 63 0 9.5 19.4 
1979 358 286 72 0 9.6 20.4 
1990 349 277 61 11 10.0 21.3 
1981 335 277 45 13 10.6 22.3 
1982 338 283 42 13 11.3 23.3 

1983 338 284 41 13 11.7 24.3 

1984 331 287 28 16 12.5 21.2 

1995 345 306 23 16 12.6 22.2 

1986 359 310 28 21 13.2 23.2 

Table 4-40 United'fleet vintage numbers over time 

end 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vin1w 
1959 14 14 14 14 14 14 14 14 11 5 4 3 3 3 1 0 0 0 

1960 41 41 41 41 38 38 32 17 14 1 1 0 0 0 0 0 0 0 

1961 32 28 21 13 11 8 8 5 5 1 1 1 1 1 0 0 0 0 

1962 11 11 11 8 5 2 2 0 0 0 0 0 0 0 0 0 0 0 

1963 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

1964 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 21 21 

1965 33 33 33 33 33 33 33 33 33 10 10 8 8 8 5 4 2 2 

1966 41 41 41 41 41 41 41 41 40 40 40 31 24 24 21 19 17 17 

1967 39 39 39 39 39 39 39 39 39 28 26 25 17 13 12 12 12 12 

1969 91 90 90 96 84 84 83 83 84 83 79 73 71 71 70 69 65 65 

1969 58 58 58 57 56 56 54 49 49 49 49 44 43 42 41 36 35 35 

1970 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 4 4 

1971 8 8 8 8 8 8 8 8 8 8 8 9 8 9 8 3 

1972 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

1973 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

1974 7 7 7 7 7 7 7 7 7 7 7 7 7 

1975 7 7 7 7 7 7 7 7 7 7 7 7 

1976 0 0 0 0 0 0 0 0 0 0 5 

1977 2 2 2 2 2 2 2 2 2 3 

1978 35 35 35 35 35 35 35 45 so 

1979 28 28 28 28 28 29 36 38 

1980 16 16 16 16 18 23 25 

4 4 4 4 6 12 1981 
8 8 8 15 10 1992 

12 12 12 12 1983 
0 0 0 

1984 
0 

1995 
3 

1986 
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Table 4-41 United fleet numbers by type 

end b727 dc8 b737 dcIO b747 b720 b767 other 11011 DxM 

1969 150 114 75 0 29 2D 
1970 150 114 74 9 29 16 
1971 150 112 74 5 12 29 11 
1972 ISO 112 69 18 14 29 0 0 
1973 150 111 67 23 is 21 0 0 
1974 150 111 67 30 18 15 0 0 
1975 150 105 64 37 18 15 0 0 
1976 150 100 59 37 18 0 0 0 
1977 152 94 59 37 18 0 0 0 
1978 153 70 59 37 18 0 0 0 
1979 174 69 59 38 19 0 0 0 
1980 175 65 49 42 18 0 0 0 0 
1991 158 64 49 46 18 0 0 0 0 
1982 154 63 49 47 18 0 7 0 0 0 
1983 154 51 49 47 18 0 19 0 0 0 
1984 154 41 49 50 18 0 19 0 0 0 
1985 154 29 74 51 13 0 19 0 0 5 
1986 154 29 77 50 24 0 19 0 6 0 

Table 4-42 United fleet valuation comparisons over time 

mid type all allfMv am -/Vpr- t-dbO dbG/dbl 

19M 975 1,101 (1.13) 1,187 (1.22) 1,067 (1-09) 

1971 1,309 1,294 (0-99) 1,580 (1.21) 1,420 (1.08) 

1972 1,524 1,600 (1.05) 1,765 (1.16) 1,646 (1.08) 

1973 1,768 1,857 (1.05) 1,823 (1.03) 1,903 (1.08) 

19174 1,852 1,974 (1.07) 2,048 (1.11) 1,994 (1.08) 

1975 1,761 1,906 (1.08) 1,932 (1.10) 1,898 (1.08) 

1976 1,903 1,921 (1.01) 2,085 (1.10) 2,051 (1.08) 

1977 1,946 2,002 (1.03) 2,363 (1.21) 2,092 (1.09) 

1978 2,202 2,237 (1.02) 2,776 (1.26) 2,364 (1.07) 

1979 2,422 2,456 (1.01) 3,237 (1.34) 2,593 (1.07) 

1980 2,996 3,132 (1.05) 3,606 (1.20) 3,2M (1.07) 

1981 2,942 3,144 (1.07) 2,987 (1.02) 3,145 (1.07) 

1982 2,711 2,963 (1-09) 2,978 (1.10) 2,893 (1.07) 

1983 3,380 3,642 (1.08) 3,225 (0.95) 3,556 (1-05) 

1984 3,455 3,400 (0-98) 3,148 (0.91) 3,645 (1.05) 

1985 3,859 3,671 (0-95) 3,793 (0-98) 4,074 (1.06) 

1986 4,402 4,364 (0-99) 3,757 (0.85) 4,632 (1.05) 
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4.18 Airline Fleet Profile - Western 

Western is the smallest of the passenger-carrying trunk airlines with a route network 
covering the Western US, Canada and Mexico (the principal hub was formerly Los 
Angeles then Salt Lake City). Under deregulation Western struggled to survive, and was 
eventually acquired by Delta in December 1986. 

Western's fleet had 82 aircraft at the end of both 1969 (3.9 % of US universe 
fleet) and 1985 (3.2%), with 67 new deliveries during the period. In value terms 
Western's share has been relatively stable with 3.2% in 1970,3.7% in 1981 and 3.0% 

in 1986. 

The average age of Western's fleet has risen from 3.9 years in December 1969 

(compared to overall mean aircraft age of 3.9 years) to 9.4 years in December 1985 

(mean 10.9 years). 
Western's fleet has been relatively varied with the B727 and B737 joined by the 

DC10 as the B707 and B720 were phased out during the 1970s. In terms of value the 

B727 share peaked at 60% in 1982, the DC10 at 36% in 1984 and in mid-1986 the B737 

was the leading type with a 46% share. 
Some capital leases were used throughout the period and by the end of 1985 half 

the fleet was leased, the majority being operating leases for recently-acquired new B737- 

300s. 
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Table 4-43 Westem fleet by status and age over time 

end aircmft owned I-P I-Op mean ago oklest 

1969 82 76 6 0 3.9 10.6 
1970 77 71 6 0 4.5 11.3 
1971 72 66 6 0 5.1 12.0 
1972 74 69 6 0 5.5 12.0 
1973 74 66 8 0 6.0 12.6 
1974 73 64 9 0 5.8 13.5 
1975 75 66 9 0 6.6 14.5 
1976 75 65 10 0 7.5 15.5 
1977 78 63 15 0 7.6 16.5 
1978 77 62 15 0 7.2 16.4 
19" 76 61 14 1 6.9 12.6 
1980 72 57 14 1 6.5 12.5 
1981 70 so 16 4 6.9 13.5 
1982 72 50 18 4 7.7 14.5 
1993 74 50 18 6 8.6 15.5 
1984 77 55 12 10 9.0 16.5 
1985 82 41 12 29 9.4 17.5 

Table 4-44 Western fleet vintage numbers over time 

cnd 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

vb2tw 

1959 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1960 7 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1961 4 4 4 4 3 2 2 2 2 0 0 0 0 0 0 0 0 

1962 5 5 5 5 3 3 3 3 3 1 0 0 0 0 0 0 0 

1963 3 3 3 3 3 2 2 2 2 0 0 0 0 0 0 0 0 

1964 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 

1965 6 6 6 6 6 3 3 3 1 1 0 0 0 0 0 0 0 

1966 4 4 4 4 4 4 4 4 3 2 0 0 0 0 0 0 0 

1967 5 5 4 4 4 4 4 4 4 4 1 0 0 0 0 0 0 

1968 22 22 22 22 22 20 20 20 20 20 20 12 9 9 9 9 10 

1969 19 19 19 19 18 17 16 15 14 13 12 10 9 9 9 9 10 

1970 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1972 5 5 5 5 5 5 5 5 5 5 5 5 4 5 

1973 4 4 4 4 4 4 3 3 3 3 3 3 1 

1974 9 9 9 9 9 9 9 8 8 8 8 7 

1975 3 3 3 3 3 3 3 3 3 3 3 

1976 1 1 1 1 1 1 1 1 1 1 

1977 7 7 7 7 7 7 9 8 7 

1978 7 7 7 7 7 7 7 7 

1979 8 8 8 8 8 8 5 

1980 7 7 7 7 7 10 

1981 3 3 3 3 3 

1982 2 2 2 2 

1983 0 0 0 

1984 5 5 

1985 6 
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Table 4-45 Western fleet numbers by type 

em b727 b737 dclo b7O7 o(ber 

1969 6 30 29 0 5 12 
1970 6 30 29 0 5 7 
1971 6 30 29 0 5 3 
1972 11 30 28 0 5 0 
1973 11 29 25 4 5 0 
1974 is 26 18 6 5 0 
1975 21 25 18 6 5 0 
1976 21 24 18 7 5 0 
1977 28 23 15 7 5 0 
1978 33 22 8 9 5 0 
1979 39 21 1 10 5 0 

1990 44 15 0 12 1 0 
1981 47 12 0 11 0 0 
1982 47 14 0 11 0 0 
1983 47 16 0 11 0 0 

1984 45 21 0 11 0 0 

1985 39 34 0 9 0 0 

Table 4-46 Western fleet valuation comparisons over time 

mid týw an all/wpr am arn/*To t-dbO dbO/dbl 

ITM 210 230 (1.10) 164 (0.78) 212 (1.01) 

1971 202 217 (1.07) 278 (1.38) 204 (1.01) 

1972 221 231 (1.04) 252 (1.14) 224 (1.02) 

1973 294 301 (1.02) 307 (1.04) 302 (1.03) 

1 9r74 386 392 (1.02) 389 (1.01) 402 (1.04) 

1 9r75 362 381 (1.05) 449 (124) 379 (1-05) 

1976 401 392 (0-99) 419 (1.04) 422 (1-05) 

1977 458 452 (0-99) 527 (1.15) 480 (1-05) 

1978 557 568 (1.02) 650 (1.17) 589 ý(I . 06) 

1979 618 633 (1.02) 704 (1,14) 653 (1.06) 

1980 798 SU (1.03) 928 (1.16) 851 (1.07) 

1981 773 802 (1.04) 774 (1-00) 826 (1.07) 

1982 727 757 (1.04) 692 (0.95) 777 (1.07) 

1983 737 792 (1.07) 680 (0.92) 785 (1-06) 

1994 762 755 (0-99) 671 (0.88) 811 (1.06) 

1985 910 848 (0.93) 914 (1-00) 956 (1-05) 

1986 1,023 960 (0.94) 847 (0.83) 1,067 (1.04) 
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CHAPTER 5 

Valuing Airline Liabilities 

5.1 Introduction 

This chapter will seek to obtain market derived valuations for the balance sheet liabilities 

of all the US airlines each quarter from March 1970 to December 1986. 

Due to the importance of non-traded debt and capital leases, particularly when 

compared to firms in other industries, the approach taken will be described in detail. In 

addition, the sensitivity of the estimated valuations to various changes in the methods of 

calculating them will be quantified. 

The standard approach of Lindenberg & Ross (1981) to the estimation of Tobin's 

q will be built on, accompanied by the use of quarterly balance sheets (to date, all firm 

level valuations have only used annual data) and the consideration of capitalised leases 

(nearly all previous papers have concentrated on periods prior to 1978, when balance 

sheets were not required to incorporate capital leases). 

The retums are then used to estimate both equity and asset betas. 
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5.2 Liability Valuation Approaches 

There are two main approaches to the valuation of corporate liabilities (focusing on equity 

and debt securities), depending generally on whether the analysis covers the corporate 

sector as a whole or seeks instead to ascertain q measures for individual firms. The 

former approach, exemplified by von Furstenberg (1977) and Holland & Myers (1979), 

capitalises dividend and interest payments using separate discount rates. The latter 

approach, pioneered by Lindenberg & Ross and used subsequently by others such as 

Smirlock, Gilligan & Marshall (1984), incorporates firm-specific securities market 

information - the stock market value for equity and a yield to maturity (depending on the 

firm's bond rating) for debt valuation. 

Ideally, all the firm's equity and debt would be traded - the reality is that there 

are large amounts of non-traded debt, leases and preferred stock. My approach therefore 

is to add as much firm-specific securities market data as possible to the basic accounting 

data, with particular attention on the sensitivity of non-traded liabilities to interest rate 

changes. 

The airline balance sheets were obtained from CAB Form 41 (from where the 

aircraft price data was also taken), giving quarterly balance sheets in a standardised 

format covering the period from March 1970 to December 1986. The balance sheets for 

the 25 airlines were transferred from Paper format to individual computer files, with 

checks to ensure that any punching errors or data source inconsistencies were amended. 

The main problem was, for airlines with holding company structures, that the CAB 

balance sheets covered airline assets and liabilities and not necessarily the consolidated 

balance sheet for the quoted firm. For these handful of cases, consolidated quarterly 
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balance sheets (SEC 10-Q) were obtained. 

Traded pnces for equity, preferred stock and debt were found in monthly S&P 

Stock and Bond price records. Other information was gleaned from a thorough search of 

Moody's Transportation Manuals, SEC 10-K reports and balance sheet notes (particularly 

when seeldng more details on debt and lease terms and conditions). 
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5.3 Valuation of Liability Classes 

The distinctive feature of my sample of US airlines is that debt is a more important 

source of financing than equity. Table 5-1 ranks individual components of market value 

liabilities in aggregate by relative importance, based on mean shares over the 68 quarters 

covered by the data. The various types of debt account for an average 46 % of total 

liabilities, compared to only 31 % for equity. 

Table 5-1 Composition of airline liabilities (mkt values, proportions) 

Qtrs (1970-86) Mean High LOW 

Equity 

Other debt 

Fixed debt 

Capital leases 

Traded debt 

Preferred stock 

31% 50% 18% 
14% 23% 8% 
13% 20% 9% 
12% 16% 8% 
7% 12% 3% 
2% 3% 1% 

The firm's securities fall into five broad groups : (1) common stock, (2) preferred 

stock, (3) warrants, (4) debt and (5) capital leases. My method differs from that of 

Lindenberg & Ross for valuing preferred stock and debt, and is distinguished also by the 

inclusion of warrants and capital leases. 

The composition of aggregate airline liabilities in dollar terms is given in Table 

5-2. The equity share of total liabilities has fallen from 34% in 1970 to 30% in 1986, 

while the debt proportion has also fallen from 47% to 38%. 

210 



Table 5-2 Composition of airline liabilities (mkt values, $bn) 

Dee 1970 Dec 1978 Dec 1986 

Equity 3.5 4.9 15.1 
Preferred stock 0.1 0.4 1.1 
Fixed debt 1.9 1.9 6.3 
Traded debt 1.0 0.9 3.0 
Other debt 2.0 1.3 4.1 
Capital leases 2.6 4.4 
other liabilities 1.9 4.6 12.8 

Total liabilities 10.4 16.6 46.8 
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5.3.1 Common Stock 

For common stock I use reported quarter-end common stock market prices multiplied by 

the number of shares outstanding. 

5.3.2 Preferred Stock 

For preferred stock I also use market prices and, where not available, book prices. 

Lindenberg & Ross, citing the difficulty of obtaining complete price quotes, capitalised 

the firm's total preferred dividends by the Standard & Poor's preferred stock yield index. 

Lang & Litzenberger (1989) instead use the book value of preferred stock as a surrogate 

for market value because of its relatively trivial magnitude. Of the 25 airlines, 17 airlines 

had preferred stock outstanding during the period - of the 41 issues, 23 were traded. 

Special care was taken in valuing the handful of airlines where the value of preferred 

stock was significant compared to the value of common stock. 

5.3.3 Warrants 

My inclusion of warrants does not appear to have been followed previously. Warrants 

were issued by 13 of the airlines, generally accounting for 3-10% of firm equity market 

value when in issue, though in the case of Southern in 1979 this percentage reached 20%. 

The prices of traded warrants were collected from Standard & Poor's monthly stock 

records. 
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5.3.4 Debt 

The especial importance of debt to airline liabilities has been reflected in the care given 

to my valuation method. Lindenberg & Ross say that the ideal approach is to price out 

the individual issues using yields associated with the bond ratings of the firm but, saying 

that the enormity of this task was complicated by the lack of computerised data, have 

used the following procedure as a compromise. An initial maturity distribution of debt 

is estimated by looking at the annual amounts of new debt issued for each of the years 

prior to the selected period. During the selected period new debt is issued or old debt is 

r rM eth --, depending on the firm's total debt level. New debt is issued with a coupon equal 

to the yield to maturity associated with the firm's bond rating at the time of issue. Short- 

term debt (under a year to maturity) is valued at book. 

Lang & Litzenberger, with a much smaller sample than Lindenberg & Ross, 

collected prices of long-term bonds or, where not reported, priced them using the yield 

to maturity of another bond with a similar maturity and coupon issued by the same firm. 

In practice firms may not have another traded straight issue from which to obtain an 

appropriate yield, and so resort sometimes has to be made to finding yields from other 

firms with similar bond ratings. Lang & Litzenberger value bonds with a remaining 

maturity of less than one year, short-term bonds, and debt with either an unknown 

coupon or maturity date at book value. 

My approach mirrors that of Lang & Litzenberger in that I have tried to obtain, 

where available, market prices for bonds. Failing this, I have valued fixed-rate bonds 

using appropriate yields to maturity, with floating-rate and short-term debt at book value. 

Valuing floating-rate debt at par will be used for nearly all cases but there are occasions 
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when the default risk of specific airlines changes rapidly (such as Braniff and Frontier 

in 1981/2) and here the book value will tend to overestimate the true value of the debt. 

Information on the terms of corporate debt is taken from annual accounts and, though 

complete details are not always given, over time a good picture is developed. There is 

a need for some interpolation of the debt composition into quarters, but I have tried to 

obtain additional information on the timing of debt issues and retirements wherever 

possible. 
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F0 igure 5-1 Convertible debt as a proportion of traded debt 

: The majority of traded debt issued by airlines took the form of convertible issues. 

From 1970 to 1976 convertibles accounted for 77-89% of traded debt market value, and 

for 61-80% during the subsequent period from 1977 to 1983. Figure 5-1 illustrates the 

convertible debt proportions for the trunks and locals separately. For the trunks 

convertible debt accounted for around 90% of traded debt throughout the 1970s, though 

the proportion fell rapidly during the 1980s. 
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Another topic of importance to airlines that is often only briefly touched upon in 

other studies is the selection of appropriate bond ratings (to provide the yields to 

maturity). Economy-wide studies have taken an average BBB rating (or A- in one case) - 

but nearly all airlines do not qualify for investment grade ratings (BBB or above). 

Airlines are more usually to be found amongst the poorer ratings (BB, B, CCC, CC or 

For the year ends from 1969 to 1986 inclusive, there were only between four and six 

airlines with investment grade ratings (either A or BBB). By contrast, with the exception 

of 1986, there were between 13 and 16 airlines with non investment-grade ratings. 

Table 5-3 Major airlines - bond ratings 

end amr bnf ctx dal eat nal nwa pan twa Ual wal 

1969 BBB B BB A B BB A BBB BBB BBB B 
1970 BBB B BB A B BB A BBB BBB BBB B 
1971 BBB B BB A B BB A BB BBB BBB B 

1972 BBB B BB A B BB A BB BBB BBB B 
1973 BBB B BB A B BB A BB BBB BBB B 

1974 BBB B BB A B BB A B BBB BBB B 

1975 BBB BB BB A B BB A B BB BBB B 

1976 BBB BB BB A B BB A B BB BBB B 

1977 BBB BB BB A B BB A B BB BBB B 

1978 BBB BB BB A B BB A BB BB BBB B 

1979 BBB B BB A B BB A BB BB BBB B 

1980 BBB ccc BB A B A BB BB BBB B 

1981 BBB cc B A B A B BB BBB ccc 

1982 BBB ccc A B A B B BB ccc 

1983 BBB ccc A ccc A B B BB B 

1984 BBB ccc A ccc A B B BB B 

1985 A ccc A ccc A B B BB B 

1986 A ccc A A B B BB 

Ratings for the trunks are given in Table 5-3. The median rating for all airlines in the 

majority of years was B, though the median rating reached BB in four of the eighteen 

years. 

The fact that most airlines do not qualify for investment grade ratings means that 
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there are no representative yields to maturity from bond rating categories. Altman (1989) 

gives average annual yields for BB and B only from 1979, and for CCC from 1982. 

Instead I have collected expected yield to maturity data over time from a total of 17 

straight airline bonds and used these as the core for a matrix with yields for each of five 

bond rating categories (A, BBB, BB, B and CCQ covering the quarter ends from March 

1970 to December 1986. Changes were made to ensure that the yields were internally 

consistent between the different rating categories and then the remaining gaps were filled 

by using the differences in yield spreads between rating categories taken from Altman. 

Table 5-4 Major airlines - yield to maturity (%) 

end amr bnf ctx dal eal nal nwa pan twa Ual wal 

1969 9.9 13.3 10.3 9.9 13.3 10.3 8.9 9.9 9.9 9.9 13.3 
1970 10.4 13.4 11.5 9.4 13.4 11.5 9.4 10.4 10.4 10.4 13.4 

1971 9.0 11.3 9.4 8.0 11.3 9.4 8.0 9.4 9.0 9.0 11.3 

1972 8.9 10.4 9.7 7.9 10.4 9.7 7.9 9.7 8.9 8.9 10.4 

1973 10.3 12.7 10.8 9.3 12.7 10.8 9.3 10.8 10.3 10.3 12.7 

1974 12.5 14.4 12.8 11.5 14.4 12.8 11.5 14.4 12.5 12.5 14.4 

1975 11.0 13.0 13.0 10.0 13.3 13.0 10.0 13.3 13.0 11.0 13.3 

1976 9.7 10.1 10.1 8.7 10.1 10.1 8.7 10.1 10.1 9.7 10.1 

1977 9.7 9.7 9.7 8.7 9.8 9.7 8.7 9.8 9.7 9.7 9.8 

1978 10.5 10.7 10.7 9.5 11.3 10.7 9.5 10.7 10.7 10.5 11.3 

1979 12.3 13.3 12.7 11.3 13.3 12.7 11.3 12.7 12.7 12.3 13.3 

1980 13.3 19.9 13.7 12.3 14.3 12.3 13.7 13.7 13.3 14.3 

1981 13.7 32.1 18.0 12.7 18.0 12.7 18.0 16.6 13.7 25.0 

1982 13.5 17.2 12.5 15.6 12.5 15.6 15.6 14.4 17.2 

1983 12.6 18.4 12.3 18.4 12.3 14.4 14.4 13.4 14.4 

1984 13.0 17.3 12.1 17.3 12.1 14.6 14.6 14.1 14.6 

1985 10.6 15.5 10.6 15.5 10.6 13.8 13.8 12.9 13.8 

1986 9.2 15.3 9.2 9.2 12.1 12.1 11.1 

Table 5-4 gives the year-end values for estimated yields to maturity of the trunk 

airlines showing how, even on the same date, yields for individual airlines may differ by 

several per cent. For instance, at its most extreme, in December 1981 the yields ranged 

from under 13 % (Delta and Northwest) to 25 % (Western) and even 32 % (Braniff). 

i also carried out an analysis of how sensitive my market value estimates of debt 
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(including capital leases), and ultimately my calculations of industry rents, are to changes 

in bond ratings. The sensitivity analysis improved all bonds rated BBB and below by one 

level while A grade bonds were unchanged. For the worsening of ratings, all bonds rated 

CCC or above fell by one level, with CC grade bonds unchanged. ' The impact on debt 

values tend to be relatively modest, apart from spikes such as the time of Braniff's 

bankruptcy in early 1982. An improvement in bond ratings increased fixed debt values 

by 5% on average, with a range from 2-11 % (September 1974). A reduction in bond 

ratings by one level reduced debt value also by 5% on average, with a range from minus 

2% to minus 21 % (March 1982). Apart from December 1981 and March 1982 the 

maximum fall in value was minus 10%. 

I The analysis left the tiny number of A and CC bonds unchanged, as airline debt 

ratings of AA and C were not seen during the period. 
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5.3.5 Capital leases 

The relative importance of capital leases for airlines has been mentioned already. 

Finucane (1988) found that, given a mean lease ratio for all firms of less than 2%, the 

level of leasing is significantly higher for certain industries, particularly air transportation 

(11- 12 % during the period from 1981-1985). Aircraft leasing has flourished for two main 

reasons : (1) since the initial leases in the late 1960s aircraft have been seen to provide 

good security, with lessors benefitting from higher than expected residual values at 

expiry, (2) the relatively poor profits of most airlines have denied them access to both 

investment tax benefits in their own right and unsecured bank lending. The related rise 

of operating leasing in the 1980s was largely started by the willingness of aircraft 

manufacturers to provide support so that airlines would use their new aircraft types. 

The Economic Recovery Tax Act of 1981 provided an additional stimulus by 

allowing tax benefits to be transferred to companies that could take advantage of them. 

A number of airlines used these so-called safe harbour leases, prior to their being phased 

out in 1983. 

There has been no generally accepted approach to valuing capital leases, as nearly 

all previous empirical studies have covered periods when leases were not required to be 

capitalised. Nonetheless sufficient information is now available in notes to balance sheets, 

following FASB 13', to value long-term leases in a similar way to debt. The book value 

of capital leases on a firm's balance sheet is calculated as the sum of the present values 

of individual leases, where the stream of future payments for each lease is discounted 

2 The earlier introduction of ASR 147 from October 1973 gave only the present 
values of capital lease commitments using initial lease interest rates but provided no 
information on the underlying cash flows or interest rates. 
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using the interest rates given at the beginning of each lease term. I need to discover the 

stream of lease payments for the firm as a whole and then value this payment stream 

using a market interest rate to then generate a revised present value for capital lease 

liabilities. The balance sheet notes show the maturity distribution of capital leases for 

each of the following five years and the sums payable beyond five years and I have used 

these to generate annual profiles of future lease payments by year' (extending the amount 

to be paid beyond five years out in equal annual instalments). Then I have calculated a 

revised present value by combining the lease payment profiles with a current discount rate 

chosen to reflect the appropriate rating of the airline's secured debt. 

31 also checked that my derived lease payment streams and the balance sheet present 

values gave sensible implied lease interest rates over time. 
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5.3.6 Deferred Tax and Other Liabilities 

The most important concern regarding other liabilities is with the treatment of deferred 

tax. There are two approaches to the treatment of deferred tax liabilities on the balance 

sheet. US firms are, unlike UK companies, required to account fully for deferred tax. 

Deferred tax is caused mainly (for 488 of the 600 large US firms examined by Nobes 

(1988)), by reversible timing differences between the treatment of depreciation for 

accounting purposes and the treatment for tax purposes. A second cause is where firms 

account for investment tax credits (ITCs) using the deferral method. Nobes, however, 

found that only 50 of his sample of 600 US firms used the deferral method, whereas 541 

firms adopted the flow-through metho& - this more popular approach takes the ITC 

benefit at once and hence there is no impact on the deferred tax account. 

There is not necessarily any link between the balance sheet amounts of deferred 

tax shown for an asset and the economic value of tax benefits resulting from the asset's 

acquisition. When an asset is purchased one can calculate the present value of the 

associated tax benefits (derived from tax depreciation and any ITCs) and this present 

value will change over time as the tax benefits are received and as interest rates change. 

By the time the asset has been fully depreciated for tax purposes the present value of tax 

benefits will have fallen to zero. In contrast the deferred tax account will reflect the 

difference between the cumulative amounts of tax and book depreciation - if tax 

depreciation for a particular year is greater than book depreciation during the early years 

of an asset's life then the defeffed tax balance will rise from its initial value of zero, 

falling only during each year that book depreciation for a particular year exceeds tax 

The ten airlines for which I was able to ascertain all used the flow-through method. 

220 



depreciation. 

The amount of deferred tax shown for an airline as a whole will reflect the 

purchase of individual aircraft over previous years and will depend on the chosen tax and 

book depreciation treatments as well as on other variables such as the average age of the 

fleet. The fleet age will also be one of the influences on the expected present value of 

corporate tax benefits. Just as for an individual asset, there is no reason to suppose that 

for an airline as a whole the deferred tax shown on the balance sheet will proxy for the 

value of future tax benefits. 

It is likely though that the amounts shown on airline balance sheets in respect of 

deferred tax and any deferred credits will underestimate the contribution of the 

government to financing asset acquisition (especially as nearly all airlines take immediate 

credit for ITCs - leaving no balance sheet entries to reflect the position that ITCs are 

earned over a period of years and can be clawed back if an asset is sold prematurely by 

the original buyer). 

Lindenberg & Ross ignore book deferred taxes on the grounds that a firm's 

owners do not expect to pay these liabilities. This is also my approach since, with the 

growth of airlines over the period as well as inflation, reversing timing differences would 

at least be balanced by new timing differences in any year. The economic value of tax 

benefits does not appear on a firm's balance sheet but it will reflected in the market value 

that is placed on the firm's equity. 

The opposite view on book deferred taxes is taken by McFarland (1987) who 

subtracts them from asset replacement costs in order to be consistent with von 

Furstenberg. In McFarland's sample of railroads the treatment of deferred taxes did not 

have a major effect on his results. 
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Givoly & Hayn (1992) look at the impact of the Tax Reform Act of 1986, 

including the reduction in the corporate marginal income tax rate from 46 % to 34 %, on 

changes in equity market values. They find that investors view the deferred tax liability 

of companies as a real liability and estimate that one dollar of deferred tax liability is 

valued, on average, at about 56 cents. 

The level of book deferred taxes for my sample of US airlines as a whole 

increased over the period from a low of $854m in March 1971 to a high of $2,068m in 

December 1986. If one valued deferred tax liabilities at say 50 cents in the dollar, then 

my calculations will underestimate the scale of airline rents as a whole by $425m- 

1,030m. The airlines that account for the majority of book deferred tax liabilities are 

Delta, United, Northwest and American. 

Other current liabilities (including current debt) are valued at book value. The 

only exception is where for accounting purposes long-term debt has been placed as a 

current liability, following the failure of the firm to meet bond covenants. These bonds 

are instead valued as long-term debt, using a market price or appropriate yield to 

maturity, in order to capture the expected default risk. 
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5.4 Airlines and Financial Gearing 

Among US industrial sectors, the airline industry has one of the highest levels of financial 

gearing. This is due to a combination of heavy capital expenditure requirements and 

below-average profit margins . Based on annual averages of quarterly data the debt/equity 

ratio for manufacturing companies has risen slowly from 0.44 to 0.57 over the period, 

whereas the airline industry ratio has been volatile and has exceeded 1.00 in all but a 

handful of years. 
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Figure 5-2 Debt/equity ratios for three trunk airlines 

For individual airlines the debt/equity ratio can reach very high levels, as Figure 

5-4 illustrates. This compares Eastern (peak ratio of 10.66 in September 1984) and 

American (peak of 4.37 in June 1980) with Delta (peak of only 0.67 in September 1975). 

Five of the trunk airlines (American, Eastern, Pan Am, TWA and United) account for 

a large proportion of the long-term debt held by the industry. 
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5.5 Estimates of Airline Industry Tobin's q and Market-to-Book Ratios 

This section uses the market values derived for airline liabilities in this chapter and those 

for assets to calculate values for two standard measures : (1) Tobin's q, defined as the 

ratio of liability market value to asset reproduction cost; and (2) Market-to-Book ratio for 

'Julty. 
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F0 igure 5-3 Airline industry Tobin's q and market-to-book ratios 

My estimates for the airline industry as a whole for the quarter ends from March 

1970 to December 1986 are shown in Figure 5-3. Katz & Summers (1989) calculated q 

values for a number of US industries over the years from 1960-85 and find individual 

industry average q values that range from 3.24 to 0.69, with the weighted average being 

1.28. They also find that the q values were lower in the 1980s, with the weighted average 

for 1981-85 being 0.85. 
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5.6 Estimation of Asset Betas 

Having estimated market values for airline liabilities, it is a natural extension to estimate 

betas for equity and debt, and thus calculate asset betas for airlines. 
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Figure 5-4 Estimated equity betas for trunks and locals 

Figure 5-4 illustrates the path of estimated equity betas over time, confirming that 

even for airline portfolios the betas are high. The trunk composite has a mean beta of 

1.31, while that of the local composite is 1.28. The changes in the trunk beta estimates 

during 1982 show the dramatic impact of a single quarter's return when only 20 quarters 

are used for the estimation. The 1982 Q1 trunk return of 18 % (compared to -9 % for the 

S&P 500) changes the beta estimate from 1.33 to 0.88. Following the 1982 Q4 return of 

64% (compared to 17% for the S&P 500) the estimate reverts back to 1.33 from 0.59. T 

Generally, given the absence of information on debt betas, asset betas are derived 

by ungearing equity betas, estimated from the previous 60 monthly equity returns, using 
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a formula incorporating the then debt/equity ratio and estimated marginal corporate tax 

ratio. My initial attempt to replicate this method produced large fluctuations in the 

derived asset betas over time, due primarily to rapidly changing proportions of debt and 

equity. For example the debt/equity ratio for Texas Air changes from 13.8 in September 

1982 to 4.2 the next quarter. The beta will have been estimated over 20 quarters, during 

which time the debt/equity ratio is likely to vary quite significantly. ' 

instead I calculated quarterly returns for the relevant liabilities (equity, preferred 

stock, fixed debt, traded debt, other debt' and capital leases). This gave an asset return 

for each quarter, derived as a weighted average of the returns on the relevant liabilities. 

The only minor hurdle to overcome is that, whereas the equity returns have already been 

adjusted for new share issues, the book value of debt will vary from quarter to quarter. 

Let us imagine that at the end of one quarter an airline has debt with a book value of 100 

and a market value of 80. During the quarter the company issues debt with a book value 

of 10 and, at the end of the quarter, the market value of corporate debt is 96. Although 

the market value of debt has risen by 20%, from 80 to 96, the real return after allowing 

for the new debt is 9.1 % (derived as [ 1.20/ 1.10] -1). Unless otherwise stated, future 

reference to market value returns will refer to the adjusted real returns and not merely 

to the nominal returns. 

The asset7 betas were then estimated, using the previous 20 quarterly asset returns 

regressed against the quarterly returns on the S&P 500. In the absence of detailed 

I One could instead estimate equity betas using daily prices over a shorter period such 
as a year, but even within this time large changes in the debt/equity ratio could occur. 

Quarterly retUM for other debt was assumed to be zero. 

7 Despite the name asset betas, they are traditionally derived from the debt and equity 

components, which represent on average 72 % of total airline liabilities over the period. 
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information on individual airline tax rates no allowance was made for dividends or taxes. 

The estimated asset betas for the trunk and local composites are compared in Figure 5- 
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F0 igure 5-5 Estimated asset betas for trunks and locals Cp- 

After allowing for the effect of financial gearing, the estimated asset betas are 

more modest - with the trunk composite mean of 0.71 and the local composite mean of 

0.59. In comparison Pogue (1979) estimated an airline industry beta of 0.75, with the 

industry having an asset beta higher than only five of the eighteen industries chosen. The 

other point that emerges from my asset beta estimates is that during the 1970s the trunks 

beta was higher than that of the locals. The asset beta for an individual airline can be 

even lower - the estimates for Pacific Southwest, an unregulated Californian airline, 

varied between 0.12 and 0.47 over the period. 

The mean equity variability over the period for both trunk and local composites 

is 38%, while the mean asset variability for the trunks (18%) is slightly than the 

227 



corresponding figure for the locals (16%). 

I will also look at two of the other beta estimates, those for fixed debt and traded 

debt. The estimated fixed debt betas, seen in Figure 5-6, for the trunk composite have 

a mean over the period of 0.28, with a low of 0.10 in June 1976 and a high of 0.49 in 
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Figure 5-6 Estimated fixed debt betas for trunks and locals 

September and December 1983. The estimated betas for the locals were rather higher 

than those for the trunks before 1979, and slightly lower since 1981. The levels for the 

fixed debt betas, particularly since 1981, appear high' but this is a result of the above- 

average proportions of debt in airline capital structures and the associated increase in 

default risk. 

Figure 5-7 shows my estimated fixed debt betas for the three trunk airlines whose 

II have not been able to trace any previous estimates of fixed debt betas. Most ex- 
ante guesses use values between 0.0 and 0.2. 
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Figure 5-7 Fixed debt beta estimates for three trunk airlines 

debt/equity ratios were shown in Figure 5-3, with Eastern having the highest gearing, 

followed by American then Delta. Delta nearly always has the lowest estimate for its 

fixed debt beta. There does seem a tendency for airlines with higher debt/equity ratios 

to have higher debt beta estimates. 

The estimated traded debt betas are high (displayed in Figure 5-8), with the trunk 

composite having a mean of 0.94 and the local composite mean being 0.58. The 

magnitude of the estimates and the difference between trunks and locals is probably due 

to the fact, mentioned in section 5.3.4, that a substantial proportion of the traded debt is 

convertible issues. 

I have already shown how, in 1982, the estimated equity beta for the trunks fell 

dramatically and than rebounded, and the size of this fall then led to the anomalous 

position where the estimated traded debt betas were greater than the equity betas for the 

first three quarters of that year. Excluding these three estimates, the trunks traded debt 
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Figure 5-8 Estimated traded debt betas for trunks and locals 

beta was on average 71 % of the equity beta, with a low of 57 % and a high of 85 
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5.7 Conclusion 

This purpose of this chapter has been to emphasise the special care that needs to be taken 

with the valuation of airline liabilities. The predominant emphasis of empirical valuation 

estimates in finance tends to be on equities and risk-free bonds, whereas the airline 

industry has large amounts of risky debt. 

While the estimated equity betas are higher than average, the asset betas are more 

modest. During regulation the locals had lower equity and asset betas on average than the 

trunks, though this difference has not persisted during the 1980s. Given the high 

proportions of airline debt, it is not surprising that the estimates for fixed debt and traded 

debt betas are high, though the latter may be a consequence of the preponderance of 

convertible issues. 

The final task was to perform a sensitivity analysis on the valuation of component 

liabilities, showing that my treatment of deferred tax might underestimate industry rents, 

and also indicating the magnitude of differences in bond ratings between different 

airlines. 
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CHAPTER 6 

Esthnating Economic Rents 

6.1 Introduction 

The concept of economic rent is easy to define but difficult to estimate. This may explain 

why very little is known about the pattern and level of economic rents. This chapter 

combines the fleet valuations derived in chapter 4 and the airline liability market 

valuations derived in chapter 5 to trace the pattern of economic rents in the airline 

industry as a whole, as well as for individual airlines. I will compare how the level of 

rents changed around the time of transition from regulation to deregulation in 1977 and 

1978, although I discover that the main influence on rents through the period has been 

changes in fuel prices. 

For my purpose, economic rents can be thought of as profits that more than cover 

the opportunity cost of capital and references to rents can be taken to mean capitalised 

rents. In terms of balance sheet items the rents are calculated as the market value of 

liabilities less the market value of fixed and current assets. Thus my rent estimates will 

include the value of assets that do not appear on balance sheets such as airport slots. 

The US airline industry and, in particular, the impact of deregulation have been 
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the subject of much empirical research but up to now discussion of economic rents has 

been predominantly of a theoretical nature. 

A regulated environment, such as that of the US airlines since 1938, is a natural 

home for economic rents. They flowed from the policies of the CAB described 

previously, in particular the severe restrictions on industry/route entry over a number of 

decades. The CAB policy of setting fares to allow even the most inefficient airlines to 

continue flying (with only a handful of casualties in its 40 year history such as Northeast, 

rescued by Delta in 1972) endowed the individual routes with economic rents. 

Despite the advent of deregulation in 1978, abolishing entry barriers and price 

controls, some have argued that economic rents may still continue to exist in the current 

airline industry. Since the ending of regulation the major airlines have retained their 

valuable airport landing slots, invested heavily in computer reservation systems and 

developed hub-and-spoke route networks. 

One of the inherent problems when trying to interpret the changing economic rents 

caused by deregulation is that any effect will be intermingled with the impact of the fuel 

price doubling in the first half of 1979, as well as with the concurrent economic 

recession. 

In addition to looking at the airline industry in aggregate, I will also consider the 

economic rents of individual airlines. As well as the general event of deregulation, there 

are also a number of specific events such as takeovers (e. g. Delta and Western, TWA 

and Ozark) that will be used to explore the movement of economic rents during the 

period from 1970 to 1986. 
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6.2 The Regulated Airline Industry 

I have already mentioned that a regulated industry is a natural home for economic rents. 

Before I go on to estimate such rents, it is important to describe the regulated 

environment and its impact on airline industry economics. I will do this under three main 

headings : route structure, pricing policy and technological change. 

During the period of regulation the industry structure was relatively static. The 

dominant trunk airlines remained unchanged and there were almost no mergers during 

the four decades of regulation, apart from a handful of rescues for failing airlines. Rate- 

based regulation since the advent of jet aircraft was accompanied by rapid technological 

change and a substantial growth in the value of assets employed. Prior to the 1970s fares 

per mile were unrelated to distance. 

The first oil price shock disturbed this cosy regulated industry and provided the 

catalyst for change and eventual deregulation. 

234 



6.2.1 Route Structure 

The origins of the domestic route system in the US evolved from the provision of 

contracts for mail transport by air. In the earliest days the US Postal Service provided 

subsidies in order to encourage the completion of the route system more rapidly than 

might otherwise have occurred. The industry structure that survived throughout regulation 

was established by the Black-McKellar Act of 1934, with four dominant airlines - 

American, United, TWA and Eastern - holding a market share of over 80% Oudged by 

revenue passenger miles). The first three airlines held respectively the southern, northern 

and central transcontinental route authorities. The remaining market share of just under 

20 % was held by seven other airlines - including Braniff, National, Northwest and 

Westem. 

The airline industry, following widespread losses in the great depression era, 

persuaded the US Congress to introduce regulation (building on the existing subsidies). 

The Civil Aeronautics Board (CAB), initially formed as the Civil Aeronautics Authority 

in 1938, was given wide authorities to control entry and exit, approve or amend tariffs 

and control mergers. Vietor (1990) considers that regulation conformed to neither the 

public interest nor the capture theories but was "rather a muddled attempt to guide 

competition towards a socially optimal mix of service, innovation and economic growth". 

While the CAB had in essence grandfathered the routes of the four major airlines, new 

routes were added in the late 1940s that allowed the smaller trunk airlines to grow. The 

CAB continued the authority, used before regulation, to encourage the expansion of air 

mail services and to award direct subsidies to airlines. One result of this was the subsidy 

programme for smaller communities, initially given to the trunk airlines but from the 
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early 1950s transferred to the so-called local service airlines. Bailey, Graham & Kaplan 

(1985) state that "a major problem with the local service subsidy was its orientation 

towards preserving the financial health of the airlines rather than ensuring adequate 

service for subsidised communities". This tends to confirm that the pendulum of 

regulation was even at this stage swinging towards capture by the industry. The CAB also 

attempted to preserve the less profitable airlines by favouring them when granting new 

route licences. Peltzman (1989) cites the cutting in of poorer airlines onto the long-haul, 

non-stop routes (made more attractive following the introduction of jet aircraft) as a 

specific example of the CAB's approach to wealth spreading. 

There were also periods where the granting of authority for new routes was 

denied, for instance as a reaction to the recession in 1948 and also from 1969 for a 

number of years. Thus while regulation had fostered growth in the route structure high 

levels of industry concentration remained, as evidenced by the four major airlines still 

having a market share of 67 % in 1970. Another aspect, as Vietor points out, was that the 

piecemeal allocation of routes led to fragmented, point-to-point route systems. Thus 

individual airlines were denied the economies of scale or scope that a more integrated, 

centralised structure would have brought. 
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6.2.2 Pricing Policy 

Under the aegis of the CAB price competition was prevented. Furthermore fares were 

not changed appreciably to reflect the cost savings of the new technology (such as the 

introduction of jets in the late 1950s and early 1960s), though the CAB did allow airlines 

to expand their use of selective discounts. Bailey, Graham & Kaplan reflect on the 

pricing policy under regulation : "the CAB's focus was on overall industry profitability 

rather than on the relationship between fares and costs in particular markets". The 

mileage-based rate structure mitigated against marginal-cost pricing and fare innovation. 

Inefficient airlines were protected by basing fares on average industry costs. 

The first formal approach by the CAB to fare levels involved the General 

Passenger Fare Investigation (GPFI), started in 1956 and in place by 1960, that set fares 

to achieve an average 10.5 % rate of return for the industry based on actual operating 

costs (the allowed rate was 10.25% for the "Big Four" and 11.13% for the "Other 

Seven"'). 

In the subsequent Domestic Passenger Fare Investigation (DPFI), begun in January 

1970 and concluded in December 1974, the CAB determined that fares should be related 

to the cost of service, which was assumed to be associated with route length. The Board 

established Standard Industry Fare Levels (SIFL) using load factor and seating density 

standards linked to a target rate of return. The Board deliberately set fares above costs 

in markets of more than 400 miles and less than costs in shorter markets, though the local 

service airlines were permitted to set prices at 130% of DPFI fares. 

' At the time there were eight other trunks but Capitol was subsequently acquired by 
United. 
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Sickles, Good & Johnson (1986) find that the DPFI changes including the SIFL 

were more important than the subsequent Airline Deregulation Act in reducing allocative 

distortions within the industry. 

Another key change, agreed in April 1971 as part of the DPFI, was the CAB's 

decision to use standard industry load factors (with 55 % as a target figure) as a basis for 

setting fares to yield a 12 % return on assets. This represented a change from previous 

regulation, where the GPFI had used actual costs, and was an attempt to reduce airlines' 

incentives to increase costs. This approach was also incorporated into the allowed rate 

of return, where the 12 % figure was arrived at from hypothetical debt ratios and not 

actual industry averages (at the end of 1969 the capital structure of the domestic trunks 

as a whole was 40% equity and 60% debt). The DPFI instead assumed a hypothetical 

capital structure of 55 % equity and 45 % debe for the trunk airlines, together with a cost 

of equity of 16.75 % and a cost of debt of 6.2 %. The allowed rate base consisted of book 

equity, deferred income taxes and long-term debt (including advances from associated 

companies). 

Gritta (1974) contends that this application of one fair rate of return to all the 

trunks discriminates against the higher-risk airlines. He finds that, over the period from 

1960-1971, only five of the trunk airlines managed to achieve the standard return of 

10.5 %. The successful airlines (Delta, Northwest, National, Western and Continental) 

were those airlines lower in "business" and "financial" risks. 

One inherent feature of the cost based regulation was that allowed fare levels (with 

increases granted only after sometimes lengthy hearings) lagged behind the actual 

2 The actual proportions of equity in the capital structure of trunks at the end of 1969 

ranged from 79 % for Northwest to 26 % for Eastern. 
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increases in cost, and this was especially important during the first oil price shock. The 

Airline Deregulation Act in 1978 called for the CAB to adjust the SIFL fare ceilings at 

least twice a year to reflect changes in actual industry costs but, in response to the second 

oil price shock in 1979, the Board allowed airlines to increase fares by adjusting the SIFL 

every two months. Prices were freed completely from the beginning of 1983. 

The prevention of price competition meant that competition in the regulated 

industry revolved around service rivalry. The two major impacts of this service rivalry 

were on technological change and excess capacity. 
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6.2.3 Technological Innovation 

There is no question that regulation encouraged technological innovation of the US airline 

fleet, as individual airlines tried to differentiate themselves with faster, newer and more 

comfortable aircraft - encouraged, no doubt, by plane manufacturers. Indeed some 

arLyued that, from the beginning of regulation until the late 1960s, technological gains C-7 

outweighed the inefficiencies caused by regulation. During the period of regulation there 

were four industry re-equipment cycles, and the reaction of the CAB (especially when 

re-equipment coincided with economic downturns) provides the clearest evidence on 

which to judge the character of airline industry regulation. 

The first re-equipment cycle started in 1936 with the introduction of DC-3s, with 

a seating capacity of around 20. The next cycle, to larger, faster four-engined aircraft 

seating 40-60 passengers, started in 1946. The net investment in aircraft by the domestic 

trunks rose from $80m in June 1946 to $143m a year later. This coincided with economic 

recession leading to domestic load factors falling from nearly 80 % to 60 % in two years, 

accompanied by airline operating losses. The CAB reacted with a moratorium on new 

entry, together with an encouragement for weaker airlines to merge. 

The third re-equipment cycle, the ordering of jet aircraft in 1955, was of a 

different order of magnitude compared to the previous cycles and triggered the rate-base 

approach to regulation that endured for the next two decades. Starting with Pan Am's 

order for 20 B707s and 25 DC8s in October 1955, the subsequent 12 month period saw 

3 Under rate-of-return regulation the asset side of the firm is essentially subject to 

cost-plus regulation. Westfield (1965) shows that it can be in the interest of a regulated 

company to pay a higher rather than a lower price for the plant and equipment it 

purchases. 
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eight airlines order a total of 195 jet aircraft. In rough terms the jets had three times as 

much capacity as the aircraft in the previous re-equipment cycle, but were about ten times 

as expensive to purchase. Net investment in aircraft leapt from $425m in June 1955 to 

$836m in 1958 and to $1,678m by 1961. The new jets were nearly all delivered in 1959 

and 1960. 

The disparity between fares and costs had increased with the introduction of new 

aircraft technologies, most dramatically with the advent of jet aircraft in the late 1950s 

and early 1960s. The benefit of newer technology, especially in long-haul markets, was 

dissipated partly by the provision of more frequent service and partly with lower load 

factors than customers would otherwise have chosen. 

The continuing strong growth in passenger demand in the 1960s, together with the 

rate-based regulation introduced by the GPFI, encouraged the fourth re-equipment cycle, 

involving wide-bodied aircraft. In April 1966 Pan Am became the launch customer with 

an order for 25 B747s, and by the end of 1966 six airlines had ordered a total of 65 

B747s - with an aggregate value approaching $1.5bn. Another 114 wide-bodies (LlOI I 

and DCIO) were also ordered in the early part of 1968 - aggregate value around $2.3bn. 

By the end of 1969 outstanding contracts for flight equipment totalled around $4.7bn 

(compared to certified airline net investment of $7. Obn). 

The late 1960s saw a substantial fall in load factors, caused by a combination of 

increased fares and a fall in the growth of passenger demand, together with the growth 

in excess capacity as airlines focused on competing with increased flight frequency. Load 

factors fell from 59% in 1966 to a low of 48% by 1971, while capacity (measured by 

available seat miles) doubled over the same time period. Under the regulatory framework 

this decline in load factors led to a fall in industry profitability and hence justified fare 
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increases. The arrival of the new wide-bodied jets, from 1970 to 1973, coincided with 

the dramatic slowing of growth in passenger demand and the explosion of airline 

operating costs following the fuel price increases. Although the CAB responded with fare 

rises, industry health remained poor. 

Some of the advantages of these improvements in plane technology were captured 

by airline employees. For instance, pilots had benefitted from larger and faster aircraft 

by retaining the link between pay and plane speed or weight. Bailey, Graham & Kaplan 

cite a number of instances where wages paid by the major airlines to other skilled 

employees exceeded by substantial amounts wages for similar jobs in other industries. 

They conclude by reflecting on the success of airline workers in capturing a share of the 

industry's productivity gains. 
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6.3 The Move to Deregulation 

There are a number of explanations advanced for the deregulation of the airline industry 

that took place formally in 1978. 

Peltzman contends with hindsight that "by the 1970s the CAB regulation had 

rendered too many routes too competitive for minimum rates to generate the rents 

required to support regulation". He cites the US airline industry as a case in support of IL 

the prediction in Stigler's economic theory of regulation, that deregulation will take place 

when there have been changes in market conditions that make the payoff to participants 

in the regulatory process too small. 

Vietor suggests that there was no single explanation behind the move to 

deregulation and gives changes in basic economic factors, technological innovation and 

regrulatory failure as three necessary preconditions. He also mentions a more widespread 4; P 

critique of regulatory bodies (extending to trucking, railroads, natural gas and electric 

power) and lastly includes political entrepreneurship. 

The political influence refers to the Congressional subcommittee, chaired by 

Senator Kennedy, that held hearings in Spring 1975 on the central theme that CAB 

regulation had caused airline fares to be higher than necessary. This brought the academic 

debate, espoused previously by such contributors as Keeler (1972) and Douglas & Miller 

(1974), into the political arena. The Ford administration proposed legislation to reform 

airline regulation and, in July 1975, a CAB special staff report issued a lengthy document 

that supported the idea of deregulation. 

As the policy debate continued the CAB permitted a limited amount of 

experimentation with fares but the major impact did not start until the appointment of 
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Alfred Kahn to chair the CAB in May 1977. However at that time most of the industry 

still opposed reform, although United subsequently became the first major trunk to 

endorse reform. 

In December 1977 the CAB began to consider lower fares when deciding route 

awards, as well as granting permissive route authorities (allowing an airline to enter and 

exit without CAB intervention). Legislation to reform the CAB was passed by the Senate 

in April 1978 and a similar bill, under consideration by the House, was widened to 

include the phased abolition of the CAB. The House bill was passed in September, and 

President Carter signed the Airline Deregulation Act on 24th October 1978. 

My view is that the end of regulation was hastened by two major influences. The 

first point is that the original idea of consumer protection that spawned regulation as a 

mechanism for industry growth had become outdated. The provision of subsidies to 

encourage route development in the early days had, by the 1970s and with very few new 

entrants, resulted in the stagnation of airline route structures. Service rivalry had led to 

frequent flights but this had hidden costs as consumers were denied the choice of cheaper 

but less frequent service. The second point is that while aspects of regulation had 

benefitted consumers this had been at the expense of protecting inefficient airlines 

(through measures such as wealth spreading through new route awards and cost-based 

pricing). The system as a whole was a reflection of poor economics, with excess capacity 

encouraged by rate-based regulation, uniformity of both fleet and product and lastly 

fragmented route structures. Deregulation, although falling short of a fully competitive 

market, was then the best way to attack the inefficiencies that had developed in the 

regulated airline industry. 

While deregulation affected fare levels and route access, other parts of the air 
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transport system such as airport slot positions were little changed and, by and large, were 

retained by the existing trunk airlines (thus giving rise to the term grandfather rights). 

The large airlines continued to invest in computer reservation systems, developed hub 

airports and introduced frequent flyer schemes. Against these advantages for incumbent 

airlines, new airlines had potential cost advantages from new labour contracts and were 

able to choose aircraft more suited to the deregulated environment. 

One problem, inherent in an event-study approach to deregulation, is the difficulty 

in ascertaining when the market first anticipated the impact of deregulation. 

Merely choosing a specific point to subdivide the period does not seek to give the 

impression of undue precision since the change from regulation to deregulation was a 

process that did not happen overnight. Nearly four years elapsed between the initial 

Kennedy hearing in February 1975 and the final signing of the Airline Deregulation Act 

in October 1978. ' Similarly, despite the CAB's control fading away, the impact of a 

deregulated environment took time to develop. 

Describing the period as one of deregulation also masks the other 

contemporaneous influences such as the second oil price shock and the economic 

recession. 

Thus one has to realise that deregulation is one of three important events, and that 

the impact of deregulation, at least in the short term, may be overshadowed by the 1979 

fuel price increase and the economic recession. 

4 Kahn (1988) criticises Brenner (1988) for using 1978 as the dividing point saying 
that the CAB's relaxation of fare controls began in early 1977 and was far advanced by 

1978. 
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6.4 Previous Empirical Studies 

Empirical studies of the airline industry fall into three categories : (1) during regulation; 

(2) the transition to deregulation; (3) deregulation. 

The investigation of airline industry performance during regulation relied in broad 

chronological order on two different data sources : (1) accounting rates of return for 

individual firms; and (2) comparison between regulated and unregulated fares (such as 

those within California). 

Research in the first category is exemplified by Caves' (1962) conclusion that for 

the 30 years up to 1960, the airlines earned exactly the opportunity cost of capital in the 

overall corporate sector, about 7.5 %. In a similar vein, Douglas & Miller estimate that 

over the period from 1955 to 1970 the trunk airlines averaged a return on investment of 

only 6.42 % and use this to infer that over time the airlines have bid away potential rents. 

The existence of unregulated Californian intra-state routes, on which Pacific 

Southwest was the main airline, allowed comparisons to be made with the rest of the 

regulated routes. Jordan (1970) concludes that, in the absence of regulation, inter-state 

trunk airline fares in 1965 would have been 32-47% lower than they were. He derives 

this by estimating hypothetical regulated fares for the California market, using data from 

regulated routes in Northwest US, and then comparing them with actual fares. Keeler 

expands this process to estimate hypothetical unregulated fares on the 30 highest-density 

trunk airline routes in the US. He first calculates a cost function using inter-state route 

data, and then adjusts it for the more efficient operating practices of the California 

airlines (such as higher load factors and seating densities). His results indicate that the 

regulated fares in 1972 exceeded unregulated fares by a margin ranging from between 
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45 % on short and medium haul routes to 84 % on long-haul routes. Keeler concludes that 

with fares set at high, cartel levels, the airlines have competed away profits through 

excess capacity. Douglas & Miller, while disagreeing with Keeler's assumption of a 

single efficient load factor for all routes, develop a model that explains why airlines have 

an incentive to indulge in quality competition (for instance, by competing on flight 

frequency in order to capture disproportionate market shares). They conclude that, due 

to this intensive scheduling competition, actual load factors under regulation were bid 

down on the longer and denser routes that otherwise would have presented the potential 

for the greatest rents. 

With the benefit of hindsight Peltzman seeks to put the above economic analyses 

of the airline industry during regulation into perspective. Making the key assumption that 

the early 1980s represented an unregulated equilibrium for the industry, he suggests that 

regulation was generating some producer rents - maybe 10 cents per dollar of revenues - 

until the late 1960s; this was then followed by a process of erosion until the dawn of 

deregulation in 1978. To support his contention, he uses the trend in the airline industry's 

operating cash flow as a percentage of revenues for five-year periods starting from 1950. 

I mention Peltzman's work, in spite of his use of such accounting information, because 

he was the first to suggest a pattern for the behaviour of airline rents during the last 

decade prior to deregulation. In the discussion accompanying Peltzman's article, Levine 

(1989) argues that there was no real evidence of systematically declining rents from 

deregulation, and indeed suggests factors' that he believes might explain a renewed 

increase in rents at the time deregulation began to occur. 

I Mentioning specifically the growth in value of route certificates and leased gates 
that were not reflected in airline balance sheets, as well as labour rents. 
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There have been a number of empirical studies attempting to assess the airline 

industry's performance around the time of deregulation, and three are highlighted in the 

following paragraphs. 

Gomez-Ibanez, Oster & Pickrell (1983) contrast the unqualified success of the first 

years of deregulation ("from early 1977 to the middle of 1979") with the subsequent 

sharp fall in airline passenger traffic and earnings. They find that the recession and the 

1979 fuel price increase (rather than deregulation) were primarily to blame for the 

deterioration in the financial performance of the airline industry. Their estimates conclude 

that the recession reduced airline net operating income for 1980-1981 by $1.5bn', while 

the 1979 fuel price increase had a negative impact of $1.7bif. in contrast they find that 

deregulation had a positive impact in 1980-1981 of $1.2bn. Under regulation their model 

suggests that air travel volume would have been around 15 % lower than during 

deregulation, with average fares somewhat higher. 

Morrison & Winston (1986) try to compare hypothetical estimates of deregulated 

airline industry operating margins in 1977 (generated by their model based on 1983 

industry performance) with actual pre-tax profits. In contrast to the estimates in the 

previous paragraph, this also captures the effect of changes after deregulation such as the 

increased load factors, higher seating densities and improved aircraft utilisation. They 

estimate that the gain in industry profits in 1977 from deregulation is of the order of 

$2.5bn. With fuel prices increased to real 1983 levels, industry profits in 1977 would 

have been $3.2bn lower. 

6 Without the recession they assume that air travel volume would have been 6-9% 

greater than actual, as well as slightly increased load factors. 

7 Actual fuel costs were 70-83 % greater than they would have been had fuel prices 
increased at the same rate as non-fuel prices. 
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Koran (1983) questions whether deregulation had any impact on airline profits. 
He finds that airline fare deregulation resulted in an increase in consumer surplus because 

the regulated fares had been above the optimal level, but that the fall in fares was roughly 

matched by a decline in average costs associated with the lower service quality. 
The question of fuel cost increases has already been mentioned as an important 

factor. In response to rising costs airlines have sought to improve fuel efficiency and, 

with the adoption of reduced cruising speeds and increased seating densities, 

Argiropoulos (1982) shows that there has been an increase of about 27 % in available seat 

miles per gallon between 1973 and 1980. 

T_T, % 
.,,, cLyashi & Trapani (1987) use a simulation model of a typical city-pair market to 

conclude that " there are significant reductions in capacity associated with the increases 

in fuel costs of the 1970s, and that these effects on capacity must be taken into account 

before the effects of deregulation can be assessed ". Their model suggests that the fuel 

price increase between 1971 and 1979 would reduce capacity by around 25 %, passenger 

demand would fall by 7% and the load factor would increase by 10 % from 53 % to 63 %. 

As well as these studies of industry economics, others have examined the imPact 

of deregulation on airline shareholders' wealth. One of the most recent is Beneish's 

(1991) event study covering a comprehensive' set of 59 regulatory actions between 

October 1974 and May 1979. He discovers that announcements of regulatory changes had 

an adverse impact on airline shareholders' wealth. He estimates that CAB route actions 

had an impact of minus 7.8 %, which is significantly larger at the 5% level than the 

impact of actions by the administration (minus 3.9%) and Congress (2.9%). 

While one might expect to find economic rents in a regulated environment, Bailey 

I Previous studies had looked at only a subset of his chosen events. 
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& Williams (1988) were the first to suggest possible sources of rent in the deregulated 

airline industry. In addition to scale-based advantages for the largest trunks and cost 

advantages for new entrants, they suggest the concept of local monopoly rents. This 

covers the dominance of key hub airports by trunk airlines as well as the control of thin 

monopoly routes within a geographical region by local airlines. They consider that these 

geographically-based advantages are likely to erode only slowly. Building on their 

empirical analysis, they envisage that the medium-sized trunks will suffer from having 

few scale advantages and lacIdng majority shares in hub airports. 
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6.5 Searching for Economic Rents 

The origin of the concept of economic rent owes its roots to Ricardo's theory for the 

determination of land rent, first published in 1817. The fact that the source of such 

economic rents coincides with a scarce resource has ensured that economic rents when 

discussed in theory are positive or, at least, non-negative. 

The distinction between ex-ante rents and ex-post rents is not always made 

explicit, though the preponderance of theoretical work in this area ensures that nearly all 

remarks are ex-ante statements. The key question, suggests Schoemaker (1990), is 

whether systematic rents (i. e. above average returns) are possible and he quotes the 

differing views held. At one extreme he places the belief of efficient market theorists 

holding that actual or potential competition will drive all rents to zero whenever there is 

relatively free entry and exit in markets. At the other extreme, the view described is that 

systematic long-term rent creation is often achievable. 

Whereas the views stated above may seem to represent two ends of the spectrum, 

that is not to imply that the positions are mutually exclusive. Schoemaker states that 

It exceptions to the theory of "zero expected rents" typically involve cases where 

competition is stifled or prohibited". Indeed it is in these exceptions where long-term 

rents may be seen. 

Attempting to search for economic rents does not force one to adopt a particular 

theoretical viewpoint. The search can be guided by Rumelt's (1987) statement that "to 

obtain positive rents (ex-ante), one must either possess private information or unique (in 

the sense of non-imitable) resources" . One of the natural havens for unique resources is 

within regulated industries and these formed the initial basis for empirical studies of 
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economic rents within existing regulation. 

The methodology for such studies is constrained by Schwert's (1981) assertion that 

it is not possible to use security returns to test the impact of existing regulation, since 

security returns reflect only the riskiness of the security and unanticipated events. There 

are instead two alternative approaches, the first of which involves using the prices of 

specialised factors. Schwert quotes the example of the taxicab medallion, where 

regulation creates a form of marketable barrier to entry. Then the market value of this 

licence provides a direct measure of the present value of the anticipated future rents 

which accrue to the licence holder. This approach is exemplified by the work of Doede 

(1967) with New York Stock Exchange seat prices and Breen (1977) with the prices of 

household-goods carrier operating certificates. 

The other main approach, mentioned in the previous chapter, is to compare the 

market value of a firm's securities with the economic replacement cost of the firm's 

assets. Then the difference represents the capitalised economic rents earned by the firm. 

This is the approach that I have used and it follows in the footsteps of Tobin (1969) and 

Lindenberg & Ross (1981). 
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6.6 Airline Industry Rents 

One way of looldng at the US airline industry is as a combination of positive-rent and 

zero-rent aircraft. For completeness an additional category can be added so that aircraft 

fleets are divided into three : (1) positive rent; (2) zero rent (where airlines are 

indifferent between flying these aircraft on their current routes or selling them) and (3) 

negative rent (these aircraft should be sold). While these distinctions are couched in 

general terms, there is nothing to prevent the categorisation being airline-specific. For 

example, an individual aircraft could generate positive rents for one airline and negative 

rents for another, given differences in their route structures or operating costs-9 The 

estimated rents for an airline will be the sum of the rents for the three categories of 

aircraft. 

Figure 6-1 illustrates the time series of estimated airline rents in dollar termsq 

where the rents have been subdivided into those for the trunks as a whole and those for 

the local airlines, excluding the minor impact of other airline rents. There are two major 

surprises - that the estimated rents, even after deregulation, are large in magnitude and 

that the rents are predominantly negative. 

My estimates indicate that capitalised industry rents as a whole were negative in 

the eight years prior to deregulation, apart from the period between December 1971 and 

June 1972. From their peak value of $2.4bn in March 1972 the rents declined rapidly, 

broadly in step with the first oil price shock, to minus $6.9bn by December 1974. The 

magnitude of these implied rents is substantial, when compared to the model value of 

9 Though one would not necessarily expect to see trades between such airlines, unless 
the rent difference exceeded the transaction costs. 
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airline fleets ($6.3bn in 1972 and $8.8bn in 1974) and particularly in comparison to the 

market value of airline equity ($7.5bn in 1972 and $2. Obn in 1974). 

Industry rents as a whole remained negative following deregulation and throughout 

the second half of the period. Industry rents fell, again coincident with an oil price shock, 

from minus $9. Obn in December 1978 to a low of minus $13.4bn in December 1981, 

before rising to finish at minus $5.4bn in December 1986. Once again, the magnitude of 

these implied rents is material when compared to the model value of airline fleets 

($14.7bn in 1978, $20.8bn in 1981 and $27.3bn in 1986) and particularly in comparison 

to the market value of airline equity ($4.9bn in 1978, $4.5bn in 1981 and $15. lbn in 

1986). 

The divergence from zero cannot be explained solely by possible biases in my 

plane valuation model. For the true trunk rents to be zero in December 1981 my model 
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would have had to overvalue aircraft by 100/(100-69) %10 or by a factor of more than 

three. Table 6-1 compares the rent levels for each year end with selected industry balance 

sheet totals. 

Table 6-1 Comparison between industry rents and balance sheets ($000) 

end rent-trk rent-loc rent-all equity debt fleet 

1970 -1344 41 -1425 3,478 4,865 5,641 
1971 1005 85 1065 6,648 5,059 6,552 
1972 -17 90 -1 6,173 5,162 7,133 
1973 -4093 -156 4395 3,091 4,909 8,112 
1974 -6441 -259 -6856 1,954 4,410 5,059 
1975 -4662 -234 -5014 3,227 4,897 8,693 
1976 4862 -258 -5230 3,767 4,756 9,117 
1977 -6273 -347 -6744 3,457 4,398 9,710 
1978 -8299 -569 -8996 4,888 6,703 14,719 
1979 -9396 -923 -10464 4,738 7,948 16,451 
1980 -10542 -1242 -11791 4,731 9,561 19,207 
1981 -11850 -1314 -13400 4,468 9,715 20,752 
1982 -7090 -886 -7882 8,712 11,427 21,490 
1983 -5543 -1192 -6388 10,283 12,531 22,321 

1984 -7289 -1231 -8514 9,821 12,067 23,284 
1985 -6453 -1281 -7354 12,897 15,634 24,976 

1986 4544 -872 -5380 15,098 17,824 27,300 

In dollar terms the pattern of rents over the period is dominated by the relatively 

uninterrupted fall from peak rents in 1972 to trough in 1981, during which time there 

were two fuel price jumps as well as deregulation. In terms of scaled rents the dramatic 

fall from positive rents to negative rents around the time of the first fuel shock is the 

outstanding feature. This close link with the fuel price is no surprise. In 1970 the average 

cost to US domestic airlines for fuel was $0.11 a gallon, the price had been relatively 

stable and fuel costs represented only 12 % of operating expenses. The first oil price 

shock saw the average cost increase by over 75 % from $0.13 a gallon in 1973 to $0.23 

" Here minus 69 is read as the trunk rents as a% of plane market value for 81-96 
in Figure 6-3. The figure can be used in a similar fashion for other dates to estimate the 

model valuation bias that would produce zero rents. 
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in 1974, and fuel now accounted for 16 % of operating costs. The second price shock saw 

costs per gallon increase from $0.58 in 1979 to $0.91 in 1981, a further increase of over 

55 %, and costs now represented 32 % of operating expenses. From a peak of $1.04 a 

gallon in 1981, fuel costs fell steadily to $0.80 in 1985 followed by a sharper fall to 

$0.55 in 1986, by which time fuel costs were only 15% of operating expenses. 

The contribution from deregulation is much harder to evaluate, especially with the 

confounding pattern with the second fuel price rise. The level of rents differs little 

between 1978Q4 and 1982Q4. Any improvements subsequent to that might represent a 

lagged response to deregulation but were also in a time of sharply falling nominal fuel 

costs. 
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F9 igure 6-2 Annual changes in capitalised rents 

Figure 6-2 shows the annual changes in the level of capitalised rents, with the 

direction of change for trunks and locals the same for all but three years. The decline in 

trunk rents over the years is confirmed by falls in trunk rents for each of the years 
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between 1972 and 1981 inclusive apart from 1975. The subsequent fall in fuel costs is 

accompanied by rises in trunk rents for four of the next five years. 

The trunks are much larger than the locals, and it is therefore more instructive to 

scale the rents in order to compare the two airline groupings. Scaling the rents by the 

market value of airline fleets produces Figure 6-3. While it is true that the level of local 

airline rents is moderately higher than that of the trunks, the overriding impression is that 

the pattern of rents for the two groups at the composite level is startlingly similar". A 

more detailed analysis of the differences between trunk and local airlines follows in 

section 6.8. 
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Figure 6-3 Airline industry scaled rents 

The similarity between the pattern of scaled rents (rents as a% of aircraft market 

value) for the industry as a whole and for individual airlines is also strong. For the 

11 The similarity extends also to the strategic clusters suggested by Bailey & Williams 

in that the patterns of scaled rents for the top 2 trunks versus the rest, and for the top 4 

trunks versus the rest look more alike than different. 
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trunks, excluding Pan Am, the correlationS12 between individual airlines and the level 

of industry scaled rents range from 0.98 for United to 0.75 for Delta. For the locals, 

excluding Texas International, the correlations range from 0.95 for Southern to 0.77 for 

US Air. 
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Figure 6-4 Scaled rents for Western 

Figure 6-4 compares the quarterly level of scaled rents for Western (shown by the 

thick bars) against the industry average (shown by the continuous line), and reinforces 

the similarity between the patterns (correlation = 0.92), with the divergence in 1986 

probably due to Western's acquisition by Delta. The similar Figure 6-5 for Delta 

confirms Delta's superior performance during regulation, typified by being the only" 

trunk airline with positive rents throughout the years from 1970 to 1974. Following 

12 Based on a maximum of 68 quarterly observations. 

13 Apart from Braniff. 
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deregulation though, Delta reverts back to scaled rent levels close to the industry average. 
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Figure 6-5 Scaled rents for Delta 

For nearly all individual airlines the levels of scaled rents are similar. The main 

exceptions are four airlines outside my trunk or local categories, namely Southwest, 

People Express and, to a lesser extent, America West and Midway. These airlines are 

distinguished by having positive rents for a majority of their existence - all except 

Southwest started flying after deregulation. Southwest is the one great success story with 

peak rents of $465m in June 1983, although rents suffered following the acquisition of 

Muse in June 1985. People Express shows that positive rents can be obtained - from 

stock market debut to rents above $300m in 2 years - but are then very difficult to 

sustain. 

A more demanding test, dictated by the high serial correlations evident in the 

scaled rent levels, is instead to consider the quarterly changes in scaled rents (such that 

a change from rents being 5% of plane market value one quarter to 20 % the next is a 
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change of plus 15 %). The correlations between the industry as a whole and individual 

airlines continue to be positive and pretty high. The range for trunks extends from 0.93 

for Northwest down to 0.70 for Pan Am, while that for locals extends from 0.75 for 

Ozark down to 0.53 for Southern. 

There is some evidence of association within the trunk and local categories. For 

instance, if one orders the correlations between the trunk composite and individual 

airlines, this produces ten of the trunks, then Ozark, then the last trunk, Pan Am. A 

similar exercise using the local composite chooses six of the seven local airlines before 

the first trunk. 

Table 6-2 Correlation matrix for changes in scaled rents - trunks 

AMR 0.9 1.0 

CTX 0.7 0.7 1.0 
DAL 0.8 0.6 0.5 1.0 

EAL 0.8 0.7 0.7 0.5 

NWA 0.9 0.8 0.6 0.7 
PAN 0.7 0.6 0.4 0.4 

TWA 0.8 0.7 0.6 0.6 
UAL 0.9 0.9 0.6 0.7 
WAL 0.8 0.7 0.8 0.6 

ALL AMR CTX DAL 

1.0 
0.8 1.0 
0.6 0.6 1.0 
0.7 0.8 0.6 1.0 
0.7 0.9 0.5 0.7 1.0 
0.6 0.7 0.4 0.6 0.8 1.0 

EAL NWA PAN TWA UAL WAL 

Table 6-2 gives the correlation matrix for the trunks, with all correlations between 

individual airlines being positive, ranging from 0.40 between Pan Am and Western up 

to 0.85 between American and United. 

The correlations between local airlines, given in Table 6-3, are lower on average 

than those between trunk airlines. Even so they are again all positive, ranging from 0.30 

between Southern and Texas International up to 0.74 between North Central/Republic and 

Texas Intemational. 
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Table 6-3 Correlation matrix for changes in scaled rents - locals 

FRT 0.7 1.0 
NRP 0.7 0.7 1.0 
OZA 0.8 0.6 0.7 1.0 

PEE 0.7 0.5 0.7 0.6 1.0 
STH 0.5 0.5 0.5 0.4 0.4 1.0 
TIA 0.6 0.6 0.7 0.6 0.6 0.3 1.0 
USA 0.7 0.5 0.7 0.6 0.7 0.4 0.7 1.0 

ALL FRT NRP OZA PEE STH TIA USA 
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6.7 Sensitivity Analysis and Other Muences on Rent Esthnates 

I have given some indications of the scale of my airline rent estimates when compared 

to equity and fleet market values in Table 6-1. This section will quantify the impact of 

alternative approaches to estimating airline rents mentioned in section 5.3, and then 

conclude by considering three possible components of hidden value in airline balance 

sheets. 

Table 6-4 Sensitivity of airline rent estimates ($000) 

end rents ppct= I dt = liab Val = all brplus brminus 

1970 -1425 1015 908 148 156 -128 
1971 1065 1017 935 530 145 -92 
1972 -1 1083 975 199 121 -97 
1973 -4395 1155 1084 73 120 -111 
1974 -6856 1199 1283 50 101 -79 
1975 -5014 1172 1269 -29 82 -134 
1976 -5230 1123 1425 299 41 -48 
1977 -6744 1122 1539 -21 34 -51 
1978 -8996 1234 1510 -296 109 -142 
1979 -10464 1418 1372 -646 154 -216 
1980 -11791 1610 1223 -1329 233 -431 
1981 -13400 1698 1224 -1039 470 -878 
1982 -7882 1887 1254 -459 297 -323 
1983 -6388 2153 1390 -1168 364 427 

1984 -8514 2235 1754 478 325 -310 
1985 -7354 2363 1809 919 369 -347 
1986 -5380 2626 2068 576 640 431 

mean -6398 1536 1354 -101 221 -250 

Table 6-4 shows my estimated rents for each year in column 2, and the following 

columns show the incremental impact of a number of alternative treatments. The two 

most important choices are whether deferred tax is added to book equity or treated as a 

liability, and what proportion of flight equipment is represented by aircraft. By contrast 

the choice of fleet valuation model (val=all rather than val=type) has an impact that 
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oscillates, but the mean impact is modest. The possible impact of a uniform change in 

bond ratings on fixed rate debt values is also relatively modest, when compared to my 

estimates of industry rent levels. 

Trying to allow for assets that are not separately identified on balance sheets (such 

as identifying the value specific to computer reservation systems) or that do not appear 

at all (such as airport slots and delivery positions) is more difficult. Any such estimates 

of hidden value are in the nature of ball-park figures, and I feel that it is more 

appropriate that they should be viewed as part of general sensitivity analysis rather than 

incorporated implicitly in the model. 

I describe and try to quantify three components of possible hidden value, namely 

computer reservation systems, pension funds and lastly routes and slots. In the past, 

analysts have also attempted to value items such as future delivery positions for new 

aircraft, but such intangible assets are very difficult to value and will also tend to 

fluctuate rapidly. Firm delivery contracts with no option to cancel will not necessarily 

always have a positive value. 

Any such hidden values as perceived by the market will reduce my estimates for 

economic rents - for the most part this would make the actual rents even more negative 

than my calculations. 
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6.7.1 Computer Reservation Systems 

The most important source of potential hidden asset value is the development of computer 

reservation systems (CRS) by the largest trunk airlines. CRS became the main method 

of ticket distribution for airlines in America during the early 1980s after five trunk 

airlines (American-Sabre, United-Apollo, TWA-PARS, Eastern-SODA and Delta-Datas) 

set up computer systems to provide travel agents with terminals on which to book 

tickets. " The CRS provided the airlines with information on customer travel decisions 

as well as being a source of local market power. 

The development of CRSs led by United and American started in the mid 1970s, 

though over 90% of the $850m invested in equipment up to the end of 1986 had been 

spent in the 1980s. In December 1986 airline CRS computer equipment had a book value 

of $413m. Additional amounts had been spent on programming, marketing and subscriber 

training and support. 

Estimation of the value to airlines of their CRSs, over and above the capital 

investment shown on balance sheets, is not straightforward. The 1988 US Department of 

Transportation report asked airlines to forecast incremental CRS cash flows from 1987 

to 1992 but these figures varied greatly depending on the assumed proportion of halo 

effect revenue" counted, where the proportion could vary from zero to 80%. 

Fortunately an alternative approach is feasible, by relating the prices paid for 

11 According to a 1985 US Department of Justice investigation, travel agencies 
accounted for about 60% of all airline bookings and nearly 90% of all agency-booked 

revenue came from automated agencies. 

15 The halo effect describes the increased tendency of travel agents to book passengers 

on flights operated by the airline owning their CRS. 
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shares of two CRSs to the aggregate expenditure on equipment. In December 1986 

Northwest bought a 50 % share of PARS from TWA for $140m - by comparison, 

accumulated equipment investments for PARS had totalled $101m up to 1986. The other 

transaction, in May 1988, involved United's sale of a 50% share of Apollo for $500m - 

compared to accumulated equipment investment of around $325m. These transactions 

suggest to me that valuing a CRS at three times total equipment investment would be 

reasonable. This would give an aggregate value for the five CRSs in the region of 

$2.5bn, generating a surplus of just over $2. Obn on December 1986 book value. '6 

16 Divided as Sabre ($730m), Apollo ($640m), PARS ($270m), SODA ($260m) and 

DATAS ($220m). 
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6.7.2 Pension Fund Liabilities 

Not until the implementation of FASB 87, by December 1987 at the latest, were 

unfunded pension liabilities required to appear on company balance sheets. Prior to that 

limited information about the financial position of pension funds was to be found in the 

notes to the accounts 17 or in the company's 10-K document. " 

In simple terms, the difference between the total liabilities of a pension fund less 

the asset valuation is known as the liability for unfunded past service costs, and this can 

be split into vested (where the right to benefits is not conditional on continued service) 

and non-vested portions. Feldstein & Seligman (1981) find that the equity market appears 

to ignore the past service costs and focuses exclusively on the vested liabilities. Using a 

sample of nearly 200 manufacturing companies and equity prices for 1976 and 1977, their 

evidence is consistent with the conclusion that share prices fully reflect the value of 

unfunded pension obligations. 

The two airlines with consistently large unfunded pension liabilities are Pan Am 

and TWA. In December 1978 the values of airline unfunded vested liabilities was headed 

with $308m for TWA, $282m for Pan Am followed then by Braniff and United with 

deficits close to $100m. Pan Am's unfunded liability increased to a peak of $539m in 

1982, fell to $384m in 1985 but at the end of 1987 again exceeded $500m. Conversely 

TWA's deficit declined from $221m in 1981 to $105m in 1985 and $58m in 1986. At the 

17 APB Opinion No. 8 in 1966 required the disclosure of unfunded vested benefits 

only. 

18 Up to 1979 the SEC required the liability for unfunded past service costs to be 

reported, and this was superceded by the requirement to disclose any unfunded pension 
liabilities. 
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end of 1986 the only other major airline with a pension fund deficit was Texas Air with 

a figure of $415m, only partly due to the acquisition of Eastern. 
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6.7.3 Route Authorities and Airport Slots 

A route authority allows an airline to fly between two airports -a slot is effectively the 

licence to operate one flight to or from an airport at a given time. Nearly all slots, like 

routes, were acquired "free" through non-market mechanisms and they confer scarcity 

rents on their owners. Such route authorities and slots would not appear as assets on 

balance sheets but their value is captured as the rents in my analysis arising from scarce 

resources. In the 1980s there was a limited amount of trading in route authorities and 

slots, and any payments could be treated as intangible assets on airline balance sheets and 

amortised over a given number of years. In that I have deducted intangible assets from 

stated book equity, such transactions will be off balance sheet but again their value will 

be captured by my measure of rents. 

Since 1968 the four busiest US airports, Chicago O'Hare, New York La Guardia 

and Kennedy and Washington National, have been "slot-constrained". In addition, for a 

period after the Air Traffic Controllers' strike in August 1981, the Federal Aviation 

Authority also cut back landings at other busy airports. After a six week trial in 

May/June 1982, the DoT allowed the resale of slots from April 1986. By September 1987 

some 5% of slots had changed hands, with individual slots said to be trading at prices 

ranging from $400,000 to above $lm. 

One large domestic transaction, in December 1986, was Pan Am's acquisition of 

certain gates and landing slots for $63m from Eastern/Texas Air in order to start a 

Washington-New York-Boston shuttle. 

more specific information is known concerning the few substantial route 

transactions for international operations. In December 1989 it was reported that American 
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proposed to acquire TWA's Chicago-London route authority for $195m. It also proposed 

to acquire 20 routes in Central and South America and a Miami-London route authority 
L'.. - from Texas Air for $471m. In these cases a significant part of the price represented the 

value of the airport access in London. 

This section has not sought to value routes or slots, but instead to support the 

argument that certain assets that do not appear on airline balance sheets do have an 

intrinsic value of their own, and that this will be reflected in my estimates of airline 

rents. 
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6.8 Performance Differences between Trunk and Local Airlines 

Other writers have attempted to examine whether the impact of deregulation affected all 

Idnds of airlines in a similar fashion, and the most natural comparison is between the 

trunk and local airlines. 

Moore (1996) concludes that equity capital, in particular that of the regional (local 

airlines plus others) airlines, gained from deregulation. He supports this by calculating 

that the equity market value of 13 regional airlines rose almost sixfold in real terms from 

December 1976 to December 1983. By comparison the real value of 10 trunk airlines 

remained virtually unchanged over the same period. There is no denying this 

outperformance by the equity of regional airlines although his method is flawed and 

exaggerates the magnitude of outperformance'9. 

Gomez-Ibanez, Oster & Pickrell find a concentration of losses among airlines 

serving long-distance routes (the trunks minus Eastern and Delta) rather than those with 

short-haul routes (the locals plus Eastern and Delta). This is due, they say, to a 

combination of an excess of wide-body aircraft capacity and intense price competition 

on major long-distance routes". Their sample of short-haul airlines had operating profits 

of $360m, $352m and $265m in 1979,1980 and 1981 respectively. By comparison, the 

long-haul airlines had aggregate losses of $278m, $365m and $472m. 

Michel & Shaked (1984) use an event-study methodology with 10 trunk and 4 

local airlines to generate monthly equity prediction errors for the period from January 

19 1 will address this point later on in this section. 

21 The CAB fare regulation had favoured long-distance routes, as mentioned in 

section 6.2.1. 
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1975 to December 1981. The main point of their paper is to link the pattern of 

cumulative prediction errors (CPE) with increases in fuel prices. They also find that the 

magnitude of CPEs for trunks and locals diverge from August 1978 onwards (over the 

course of the next seven months the spot oil price doubled). This leads them to infer that 

the superior performance of the local airlines was due to their ability to operate efficiently 

in profitable market niches in spite of the oil crisis. In contrast they suggest that, for 

trunk airlines, the oil crisis magnified costly operating decisions such as maintaining a 

fuel inefficient fleet and expanding routes in the face of demand contraction. 

Bailey & Williams consider that trunk and local airlines belong to different 

strategic clusters, since they find that the patterns and levels of airline annual operating 

profit margins for the two airline groups are significantly different between 1978 and 

1984. They cite Moore's finding of local airline equity outperformance, as corroborating 

evidence, though they do note that a probably superior calculation would use the returns 

lc__ - from a buy-and-hold strategy over the period. 

My earlier finding (section 4.7) that, for 12 of the 16 years from 1971 to 1986, 

the capital return on the composite local airline fleet is greater than the return for the 

composite trunk airline fleet prompts the suggestion that this might explain some of the 

equity outperformance between December 1976 and December 1983 achieved by the local 

airlines. There will of course be other assets giving rise to differential equity returns 

between airlines, including most notably changes in implied route values, but this 

exercise aims only to strip out the likely outperformance due to changes in fleet values. 

The idea is to compare the equity performances of the trunk and local composites, 

adjusted for the difference in actual returns experienced by the trunk and local fleets. Any 

differential fleet return effects will be magnified since the fleet market value will 
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invariably be a multiple of equity value (ranging from 0.96 to 5.42 for trunks, and from 

1.48-4.79 for locals at the year ends from 1970 to 1985). This idea is illustrated as 

follows. In a year when the value of a particular airline's fleet rises by 10%, if the 

market value of the fleet is three times that of the equity then, ceteris paribus, this will 

produce an equity return of 30 %. In a similar fashion a relative performance differential 

between local and trunk airline fleet returns can be translated into an appropriate relative 

equity performance differential (sometimes referred to by me as a geared fleet 

differential). 

Table 6-5 Local airline performance vs trunks, ex fleet returns 

Year Fleet Gearing Fleet Equity Returns 
(fleet/equity) Geared ex-fleet 

1971 -8.2 271% -22.2 -16.6 5.6 
1972 10.3 148% 15.3 15.9 0.6 
1973 4.4 150% -6.6 4.8 1.8 
1974 -1.2 359% -4.3 17.7 22.0 
1975 3.6 479% 17.3 -54.7 -72.0 
1976 1.0 476% 4.8 28.1 23.3 
1977 4.1 385% 15.8 31.8 16.0 
1978 6.0 380% 22.8 24.2 1.4 
1979 5.6 327% 18.3 1.0 -17.3 
1980 8.7 389% 33.8 42.3 8.5 
1981 4.2 389% 16.3 15.1 -1.2 
1982 5.9 336% 19.8 -18.2 -38.0 
1983 6.0 212% 12.7 -16.7 -29.4 
1984 -3.5 242% -8.5 8.8 17.3 
1985 4.0 235% 9.4 5.5 -3.9 
1986 3.2 188% 6.0 8.8 2.8 

Note : annual returns (%), >0 if locals outperformed trunks 

Table 6-5 compares the equity outperformance of the locals with the contribution 

from the geared change using my fleet valuation returns. For example in 1980 the local 

fleet had a return of 10.9% compared to the trunk fleet return of 2.2%, giving a local 

fleet outperformance of 8.7% (column 2). With fleet value being 3.9 times equity value, 
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the geared fleet outperformance equals 33.8 % (column 4). Comparing this with the local 

equity outperformance of 43.2 % (column 5) produces a local equity outperformance, after I- 

allowing for fleet return differences, of 8.5 % (column 6). Positive values reflect 

outperformance by local airlines, especially 1974,1976ý 19779 1980 and 1984. The years 

with the largest outperformance by trunk airlines on the other hand were 1975,19829 

1983 and 1979. For 11 of the 16 years the directions of equity and fleet performance are 

the same, and for six of these years the difference between equity and geared fleet 

performance is under 4 %. 

Carrying out the refinement of Moore's approach, suggested by Bailey & 

Williams, I find that an index of annual equity capital appreciation starting from 100 at 

the end of December 1976 would have risen by the end of December 1983 to 166 for the 

trunk airline composite portfolio compared to 342 for the local airline portfolio. 

However, after stripping out the local airline fleet value outperformance that occurred for 

each of these seven years, the local airline portfolio would have declined to 97, lower 

even than the trunk portfolio. 

This leads me to conclude that the demonstrated equity outperformance by the 

local airlines in the years around and following deregulation is due, more than any other 

influence, to the greater capital gains experienced by local airline fleets. Local airline 

fleets as a whole were dominated by short-haul aircraft such as the DC9 and B737, two 

of the best performing aircraft types. On the other hand trunk airline fleets were weighed 

down with long-haul aircraft such as the B747, DCIO and L1011, three of the worst 

performing types. The cumulative influence of differential fleet value is particularly 

dominant during the years from 1977 to 1981. 

In Vietor's view fleet composition, at least in the short run, had been a major 
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constraint on route restructuring following deregulation. He quotes remarks made by Bob 

Crandall of American Airlines in 1980 :" the established airlines bought their aircraft 

years ago expecting to operate them over a stable and franchised route system ... Critical 

decisions about which aircraft to buy, and in what numbers, were based on marketing 

assumptions that seemed reasonable at the time. They could not - and did not - anticipate 

the free-for-all we have today". 

It was not until 1982 and 1983 that, for the first time since before 1975, the trunk 

airline portfolio equity return exceeded the local airline return, and this outperformance 

by the trunks was even greater after allowing for the impact of geared fleet value returns. 

The excess return for the trunk airline portfolio, after fleet value adjustment, was 38% 

in 1982 and 29% in 1983 (shown with negative signs in Table 6-5, column 6) and this 

probably heralds the first benefits that the trunk airlines were able to harvest from 

deregulation. 

The next three years, 1984 to 1986, saw the difference between geared annual 

fleet value returns for trunks and locals fall to under 10% - whereas between 1977 and 

1983 the difference had ranged from 13-34%. Local and trunk fleets became more alike 

as the trunk airlines adapted their fleets (by investing in additional short-haul aircraft) to 

the deregulated environment. 

The conclusion that emerges over time is that the major impact of deregulation 

led to an initial fleet value outperformance by the local airlines. It was not until 1982 and 

1983 that the trunk airlines saw their first benefits from deregulation (from sources such 

as computer reservation systems and airport slots). Finally it took until 1984 for the trunk 

airlines to adapt their fleets to cope with the deregulated environment. 
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6.9 Reconciling Fleet Beta Esthnates with Rent Betas 

I have already estimated conventional asset betas, from equity and debt returns, for 

airlines and now I will seek to reconcile these estimates with the information on fleet 

betas derived in section 4.7. The idea is that the asset beta estimates, usually derived as 

a weighted average of equity and debt betas, can also be viewed as a weighted average 

of the betas for the fleet and the rents. " If we view the liability side of the balance sheet 

as having a positive beta (typical airline asset betas lie between 0.5 and 0.8) and the fleet 

provides no contribution to beta then the rents will also have to provide a positive 

contribution (product of rents and rent beta). " 

Since my rent estimates for the industry as a whole are predominantly negative 

this implies that rent betas should also be negative, and the mean value of my rent beta 

estimates, based on the previous 20 quarterly returns, is -1.57 (with a mean standard 

error of 0.74). Apart from the first estimate for the period ending March 1975, my 

estimates for airline industry rent betas lie in the range (2.10, - 1.00). 

I have chosen Delta as an example of what happens to rent beta estimates for an 

airline that changes from a period of positive rents to a period of negative rents. 

Following the equation in footnote 22 and given that V and flAare positive, ORwill have 

the same sign as R and thus one would expect the estimated rent beta to switch from 

positive to negative. Delta's estimated rent beta changes from 1.67 in June 1979 (the 

21 Both current liabilities and current assets are assumed to have constant quarterly 
returns and thus betas of zero. 

22If we write the identities as #A "= (E/V)*OE + (D/V)*flD = (FIV)*flF + (R/V)*& 

then rearranging givesOR = (V/R)*OA 
- (F/R)*#F, Were one to assume#F= 0, thenOR 

-=- 
(V/R)*OA* 

275 



rents were positive until June 1974 and I am using 20 quarters to estimate betas) to - 2.56 

in the next quarter. The positive rent beta estimates for Delta had a mean value of 1.83 

(mean standard error 1.77), while the negative estimates had a mean value of - 1.71 (mean 

standard error of 0.79). The rent beta estimates for Western had a mean value of -1.98 

(mean standard error 1.00). 

So while it is possible to reconcile asset, fleet and rent betas the process of 

reconciliation is not without its complications, such as the jumps when rents change sign. 

The most one can say is that rent betas will generally tend to be greater than equity betas 

in absolute value, though as I have demonstrated their behaviour is erratic when rents 

approach zero or change sign. 

By assuming in this exercise that the asset beta calculated from security prices is 

constant over the 5 year period used for estimation, the effect of any changes in the level 

of rents will produce changes in the estimated rent betas. But if I had instead treated the 

equ quity 
beta as a residual, then I would have observed large apparent changes in the equity 

beta. With quarterly data it is impossible to locate the variation but bearing in mind such 

apparent differences between rent and fleet betas as well as some major shifts in the 

relative weights of these terms, the traditional assumption that equity betas are stationary 

could be seriously in error. 
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6.10 The Behaviour of Rents during Airline Mergers 

From the beginning of my period until the end of regulation there were only three 

mergers involving airlines in my sample with an aggregate value of $65m. Prior to 1986 

the largest transaction was Pan Am's acquisition of National for $425m. Over 70% of 

expenditure on mergers during the whole period was concentrated on five acquisitions 

that took place in 1986. A list of mergers involving my sample airlines is given in Table 

6-6, although I do not have rent estimates for the last four minor mergers since the 

acquired airline was either not publicly quoted or not included in my sample. 

Table 6-6 Mergers during the period, 1970-86 

Acquiror Acquiree Date Price ($M) Premium (%) 

North Central Southern Jul 79 32 89 

Pan Am National Jan 80 425 83 

Texas Int Continental Sep 81 /Oct 82 154 

Southwest Muse Jun 85 68 44 

People Express Frontier Nov 85 278 44 

Northwest Republic Aug 86 862 56 

TWA Ozark Aug 86 225 37 

Texas Air Eastern Nov 86 660 52 

Texas Air People Express Dec 86 110 

Delta Western Dec 86 787 23 

American Trans-Caribbean Mar 71 18 

Allegheny Mohawk Apr 72 13 

Delta Northeast Aug 72 34 

Republic Hughes Sep 80 39 

The behaviour of estimated rents also differs between time periods. During 1979- 

80 only the acquired firms (Continental, National and Southern) saw an increase in rents 

(or more properly, a reduction in negative rents) between the quarter end prior to the 

merger announcement and the quarter end prior to completion. In contrast all the mergers 

in 1985-86, with the sole exception of Texas Air's acquisition of People Express, saw 
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increases in capitalised rent estimates to both parties involved. 

The pattern of estimated rents for the acquired firm during the merger also tends 

to polarise. On one hand, National, Frontier and Ozark all display a movement 

substantially towards zero, while Republic moves about halfway there. On the other hand, 

estimated rents for three airlines (Eastern, Continental and Southern) change little and 

remain stubbornly negative. There is only one case of an acquired airline with positive 

rents prior to announcement of the merger, Western in late 1986. Earlier in 1986, prior 

to the other merger announcements, Western had had large negative rents. 

This leads to the question of why, given negative rents, weren't there more 

attempts to acquire airlines, sell the aircraft and make a profit. 

During regulation the CAB was unlikely to have allowed two healthy airlines to 

merge. The airlines themselves had been brought up on a basis of competition through 

acquiring the latest aircraft and with incentives to increase flight frequency, and the price 

of aircraft purchased was of minor importance in a rate-base regulated environment. After 

deregulation the restriction on mergers was no longer a barrier, but there was a great deal 

of uncertainty regarding route networks. It was some time before it became apparent that 

additional investment in short-medium range aircraft (preferably with efficient engines) 

was the wisest course. American was the first major to reach this conclusion with its 

large order in February 1984. Other airlines either delayed (United) or were unable to 

afford (Eastern, TWA) to make such large re-investment decisions. For a major airline 

the alternative of growth through acquisition involved either another major airline with 

a fleet similar to its own or a local airline with a different fleet but much smaller in scale. 

The last three years of the period saw the majors re-equip their fleets as well as acquire 

the remaining local airlines. 
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Another deterrent is that although rents were generally negative the premiums to 

acquire control (given as column 5 in Table 6-6) were large enough to negate a large part 

of the potential gain. There have only been two major acquisitions that attempted to buy 

an airline with large negative rents - in the possible expectation of selling assets and 

maldng a profit. Texas International acquired Continental with negative rents around 

$300m and subsequently Texas Air acquired Eastern with negative rents of $1,200m. The 

former was an attempt more to gain from enforcing new labour contracts, and the latter 

ended with Eastern seeking protection under Chapter XI. Airlines were also wary in that 

Pan Am's acquisition of National had been plagued by the difference in labour contracts 

between the two airlines, thus one acquires aircraft and associated labour contracts in a 

merger. The poor historic record of these mergers indicates that performing the arbitrage 

is certainly not a risk-free operation and the apparent rewards may instead be a mirage. 
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6.11 The Sustainability of Negative Rents 

This section tries to understand how negative rents can continue in the airline industry, 

while in the process drawing an analogy with the discounts to net asset value that are an 

inherent feature of investment trust shares (known as closed-end funds in the US). 

Sharpe (1989) shows that, apart from a couple of brief periods, closed-end funds 

have traded at a discount to net asset value since at least 1933. The reasons for this are 

still not fully understood and this continues to be one of the puzzles of modem finance. 

Brauer (1988) defines an organisational restructuring known as open-ending 

("forcing a closed-end fund's share price to its traditionally higher net asset value") and 

also goes on to suggest the related occurrence that narrowing of discounts can take place 

if the market revises the probability of open-ending. 

I find it difficult to envisage the open-ending of an airline, namely the disposal 

of its whole fleet - one obvious complication is that the most likely buyers would be its 

erstwhile competitors. The following illustrations are meant to reinforce my contention 

that insiders are unlikely to open-end an airline. Despite Bob Crandall's oft-quoted 

statement that given the choice between keeping the airline and keeping American's 

computer reservation system he wouldn't necessarily keep the airline, I think that he 

would be very reluctant to sell the airline fleet. Carl Icahn was a corporate raider with 

no previous interest in airlines when he acquired control of TWA in 1985. Only now, 

after seven years of running the airline, are there reports that he is tired of the airline 

business. Throughout the 1980s Pan Am sold a succession of non-airline assets (Pan Am 

Building, Intercontinental Hotels) in a vain attempt to cover the losses from the airline - 

shareholders would have been much better off if Pan Am had sold the airline and kept 
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the other assets. 

It is also difficult to understand on purely economic grounds why airlines with 
large negative rents committed themselves to significant capital investment in the mid 

1980s. For example in October 1985 Northwest announced an order for Boeing 747 and 

757 aircraft valued at $2. Obn, representing almost the value of its existing fleet, in spite 

of having negative rents of $ 1.1 bn. A year later Northwest followed with an order for 

Airbus A320s valued at $3.2bn. United in November 1985 announced an order for 

Boeing 737 and 747 aircraft valued at $3. lbn, in spite of having negative rents of $1.6bn. 

One possible answer is that airline management are personally committed to 

remaining in the airline business, and they are reluctant to follow in the footsteps of 

airlines that did not expand or renew their fleets (such as Pan Am, TWA and Eastern). 

However in the above cases it is more likely that the constraint on fleet renewal or 

expansion was poor profitability/increasing losses, and this was the underlying cause of 

subsequent failures. 

Another possibility is that the new aircraft were not thought to be negative net 

present value investments, either because the airlines envisaged traffic growth and 

improved passenger yields or indeed that the prices for the new aircraft made them an 

attractive investment. It is difficult to read much into the stock market's behaviour around 

the time of such capital investment announcements, mainly because of the underlying high 

volatility of airline shares. Initial analysis of equity price movements around the times 

of eight large orders between February 1984 and October 1986 did not reveal any large 

abnormal returns that could be identified with new aircraft order announcements. 

I have tried to give reasons why an internal open-ending of an airline would be 

unlikely and these, when added to my reasons for doubting that mergers would 
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necessarily be rewarded, have at least started to explain why some US airlines can 

continue with negative rents. 
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6.12 The Relationship between Plane Values and Rents 

Following the division of airline asset value into aircraft and rents, an obvious step is to 

see whether changes in fleet value and rents move together. 

I find that the correlation between annual fleet and rent dollar returns for the 

airline industry is -0.5 1, based on 16 observations. Individual trunk airlines with at least 

15 observations also have negative correlations, ranging from -0.11 (Western) to -0.74 

(American). Since any measurement error in fleet value estimates will be perfectly 

negatively correlated with errors in rents, there is a downward bias in these estimated 

correlations. My estimates focus on annual returns in dollar terms (thus a fleet with an 

initial value of $500m and a return of -5 % will have a dollar return of -$25m). I have 

used annual returns for the reason that my fleet valuation model incorporates annual 

adjustment factors, and dollar returns for the reason that rents can be close to zero and 

negative. 

As a quick check on the plausibility of my estimated negative correlation between 

fleet values and rents, I have set up a very simple model of an airline network. My aim 

is to see whether it is possible to make more general statements about the impact of new 

aircraft technology in a stationary world using a linear programming approach. 

My model is a simPlified version of Sobotka & Schnabel (1961) which looked 

at how the market values of existing piston aircraft would be affected by the introduction 

of new jet aircraft, using a linear programming approach driven by differences in aircraft 

costs. For instance they find that DC7 aircraft, delivered new in 1957, would be reduced 

to scrap value from 1960 onwards. They also show how the annual value of a DC6B 

would fall from $100,000 in 1959 to only $23,000 by 1962.1 will adopt their approach 
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with notional rather than actual costs and see whether any general remarks can be made 

regarding the correlation between the changes in aircraft value and capitalised rents. Coll 
My framework is based on an airline system that is currently in equilibrium, with 

a fixed level of demand divided into three route lengths (D,, D2 and D3) and flown 

currently by three different types of aircraft (S, ý S2 andS3). Demand and revenue on 

individual routes are assumed to be independent of the type of aircraft operated on 

particular routes. Airlines attempt to minimise the overall costs of meeting the overall 

level of demand and it then follows that the values of aircraft relative to each other will 

be determined by differences in their costs c, (here defined as operating costs plus the 

opportunity cost of keeping an aircraft where for the marginal aircraft the latter is equal 

to the return that could be earned on the aircraft's scrap value). Increases in the aircraft 

population come from the proposed introduction of a new more efficient aircraft type, 

with existing aircraft allocated in the linear programme (X,, ) or else sold for scrap. 

The linear programme seeks to minimise total costs TC = E, E, c, X, subject 

to demand on all routes being met (E, X, = D, for all r) and the number of aircraft 

allocated less than or equal to aircraft supply of each type (E, X, <=S, for all t). 

My model also assumes that airlines have route monopolies and that price 

elasticity of demand is perfectly inelastic. Whereas these assumptions differ markedly 

from perfect competition, they do however capture certain important features of the US 

domestic airline industry, especially during the period of regulation. During regulation 

route monopolies were preserved, prices were administered and increased costs were 

passed onto the consumer via fare increases, albeit with a time lag. The market for new 

aircraft was then dominated by two manufacturers, Boeing and Douglas, though there 

were some segments of the market where only one plane type was available (such as the 
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Boeing 747). 

Plane values are then derived as the present value of the sum of future shadow 

prices (if any), and the scrap value. The shadow price of an aircraft type t will be equal 

to the increase in overall cost TC arising from the replacement of one aircraft of type t 

by the next-best aircraft type. Rents are the difference in total costs with the new aircraft 

and without the new aircraft. 

Although my model does not contain actual costs it can still be used to examine 

the comparative statics of changes in plane values and rents to changes in the model 

assumptions. With base costs the introduction of new aircraft generates rents as well as 

reducing the values of some existing aircraft. Then I have looked at replicating the 

introduction of new aircraft with proportionate changes in base assumptions regarding 

operating costs, interest rates, route demand and aircraft scrap values. 

The most important thing to say is that while I can make broad statements about 

changes in aircraft values and rents, it does not seem possible to make statements that 

hold without exception. This complication arises because individual aircraft values or 

rents do not always move uniformly with changes in model assumptions, and also because 

extreme changes in assumed values may in some cases cause the route allocations to 

alter. 

The broad statements regarding the changes in aircraft values and rents are 

summarised in Table 6-7. Changes in operating costs or interest rates produce a positive 

correlation whereas reductions in route demand" produce a negative correlation. The 

influence of scrap values is more ambiguous since the changes in rents differ between 

23my LP formulation allows there to be surplus planes but not surplus demand, and 
thus I have not looked at an increase in route demand given that the model starts in 

equilibrium. 
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Table 6-7 Comparative statics of LP model 

Assumption Change Plane Route Corr 
Values Values APV, ARV 

Operating Cost ++++ 
Interest Rates ++ 
Route Demand + 
Aircraft Scrap Value +/- +/- 

route types. 

In reality the two most important changes during the period were operating costs 

(with a positive correlation between aircraft and route value changes) and route demand 

(with a negative correlation). My empirical estimate of a probable negative correlation, 

even after allowing for bias, suggests that changes in route demand were the dominant 

factor. 
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6.13 Conclusion. 

I find that estimated capitalised rents, both for the airline industry as a whole and for 

individual airlines, are large but predominantly negative. Positive rents can be achieved 

(Southwest, People Express) but they are very difficult to sustain. 

The most important influence on rent patterns is seen to be fuel prices, and it is 

difficult to separate out the impact of deregulation. 

Airline rent patterns are more alike than different, especially for airlines within 

trunk and local categories. 

There is a puzzle why negative rents have not resulted in more opportunistic 

merger attempts, although two of the very few acquisitions of airlines with large negative 

rents have not turned out very well. 

That my rent estimates for some acquired airlines are close to zero suggests that 

my model is broadly accurate. The process of consolidation, hastened by the spate of 

mergers in 1986, together with falling fuel prices should see industry rents rise towards 

zero in subsequent years. 
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CHAPTER 7 

Summary of Conclusions 

7.1 Conclusions -Finance 

I have discovered that capitalised economic rents, both for the airline industry as a whole 

and for individual airlines, are large but predominantly negative. Industry rents have been 

negative from the first oil price shock in 1973 until the end of my chosen period in 1986. 

This encompasses periods of both regulation and deregulation. 

The persistence of negative rents remains a puzzle that has similarities with the 

discounts to net asset value seen in investment trust share prices. However my finding 

that airlines tend to be acquired at close to fair value suggests that outsiders would be 

unlikely to succeed in capturing the hidden value. Another practical deterrent is that two 

of the very few acquisitions of airlines with large negative rents have not paid off in 

retrospect. Nevertheless it remains a mystery why airline managers have continued to 

make substantial additions to their fleets in assets with a negative present value. 

For the most important airline assets, that is aircraft, the cross-sectional age 

effect is accelerated compared to the straight-line depreciation normally used in airline 

accounts. After allowing for inflation I derive asset cash flow profiles and find that the 

net expected cash flow for a representative aircraft decreases with age, and that the 
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reduction in cash flow for a typical used aircraft is broadly equivalent to the increased 

level of maintenance costs. 

One important conclusion is the distinction between accounting and economic 

values, and the bias that can occur in a regulated industry with allowed returns based on 

accounting numbers alone. 

Although variabilities for individual aircraft types range from 26% for the B707 

down to 5% for the B767, most " surviving " aircraft types have variabilities of 10 % or 

under. Major airline fleets that benefit from holding a portfolio of different aircraft types 

have estimated annual variabilities in the region of 4-5 %. This is far lower than the 

corresponding equity variabilities, with only two airlines having equity variabilities less 

than 40 %. Part of this difference of course reflects the high variability of capitalised. 

rents. 

Whereas one would expect asset variabilities to be lower than variabilities for 

equities of firms holding the same asset, their relative sizes might suggest that my 

estimated aircraft variabilities are on the low side. This arises because (1) my model 

values aim to track a typical aircraft and thus may be a better predictor of mean values 

but a poorer indicator of individual asset variability and (2) my estimates use up degrees 

of freedom in fitting variances around adjusted mean asset model values. It may well be 

that even after my within-year model value adjustments some of my variability estimates 

are still lower than true variabilities, and this also has implications for any derived beta 

estimates for aircraft. 

One consequence of the low estimated variability for airline assets is that 

estimated betas for aircraft types and airline fleets are constrained in absolute magnitude 

and are generally insignificantly different from zero. While the estimated equity betas are 
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higher than average, the asset betas (derived as a weighted average of equity and debt 

betas) are more modest. Given the high proportions of airline debt, it is not surprising 

that my estimates for fixed debt and traded debt betas are high, though the latter may be 

a consequence of the preponderance of convertible issues. 

So-called asset betas are usually merely derived from ungearing equity betas and 

so my direct estimates of real asset betas are breaking new ground. In an attempt to 

reconcile the asset and fleet betas I estimate betas for the capitalised rents. Airlines thus 

can also be viewed as a mixture of assets, aircraft and capitalised rents, of differing 

variabihties. 
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7.2 Conclusions - Airline Industry 

My results also provide a new perspective on the economics of the airline industry. 

Whereas previous studies based on accounting data had suggested that economic rents 

existed both under regulation and de-regulation, no one had envisaged negative industry 

rents. I find that positive capitalised rents for individual airlines are exceptional 

(Southwest, People Express) and even then are very difficult to sustain. 

Individual airlines, when judged by patterns of scaled rents, are far more alike 

than different. After allowing for differences in fleet value returns there is no evidence 

that equity returns for local and trunk airlines differed significantly during the years 

following deregulation. 

The first oil price shock led to a sharp fall in levels of capitalised rents, but it is 

difficult to separate out the impact of deregulation since it coincided with the second oil 

price shock. 

The expected life of a typical aircraft, aided by additional maintenance, has 

doubled from around 15 years in 1970 to nearer 30 years by 1986. Nearly all the aircraft 

types (nine of the eleven with new and used prices) have convex cross-sectional age-effect 

patterns, with implied annual depreciation rates for surviving aircraft types varying from 

5% to 10.4%. 

My final contribution is to present detailed profiles for the aircraft types in my 

model as well as for nine of the most important trunk airlines. These include annual fleet 

compositions by aircraft vintage together with a breakdown by ownership status, 

including the important distinction between capital and operating leased aircraft. 
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7.3 Limitations and Ideas for Future Research 

While this thesis breaks new ground in a number of areas, it is also true that my results 

and methodologies raise a number of new questions and thereby suggest ideas for future 

research. 

The analogy with the discount on investment trust asset values is complicated by 

tax implications. In section 2.111 described the tax allowances and grants associated with 

acquiring an aircraft - and in particular the economic present value of future tax breaks 

for an aircraft. This allows the probability that the value of an aircraft retained by its 

initial owner and an aircraft sold, with clawback of tax grants, may differ. A related 

possibility is that the values of aircraft may also vary depending on the taxable position 

of the owner. At the level of individual aircraft one could ascertain cash flow benefits of 

tax allowances for a typical aircraft, as part of the process to acquire data regarding 

expected cash flow profiles for new aircraft and thus learn more about the nature of 

capital expenditure decisions by airlines. 

The tax implications will impact my estimated model values and thus economic 

depreciation patterns. Let us imagine that I can estimate my model using only prices for 

new aircraft and prices for 10 year old aircraft, by which time the aircraft has been fully 

depreciated for tax purposes. The question is whether there would be an incentive for a 

corporation holding a2 year old aircraft to sell it at my model values'. The likelihood 

is that the seller would require more than the model value to compensate at least for the 

appropriate ITC clawback. In essence this is because when loss of expected tax benefits 

I An analogy might be where one attempts to fit a term structure using just say T- 
bills and a long-term pure discount bond, and other bonds may have a non-zero present 
value because their holders may have different marginal tax rates. 
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is involved the fair value for selling an aircraft is greater than the fair value for holding 

an aircraft, and the model assumes that 2 year old aircraft were being held. 

Were the model estimated with a number, albeit few, of 2 year old aircraft the 

model value would instead reflect aircraft being sold. The fair value for a similar 2 year 

old aircraft retained rather than sold would be less than model value by virtue of not 

suffering any ITC clawback. This would mean that my model would underestimate the 

economic depreciation for 2 year old aircraft and the estimated depreciation pattern for 

aircraft up to 10 years old would be less steep than the true depreciation pattern. 

One idea to estimate the likely magnitude of different normal tax positions would 

be to compare the model values using all prices with the model values derived from using 

prices for only new and older aircraft transactions. 

My approach to considering different aggregation levels when faced with sparsely 

traded assets also represents an initial foray into such questions. The sparsity of traded 

prices is also accompanied by differences in prices that reflect in part unknown quality 

differences that I have not attempted to measure (although it would probably be feasible 

to try and estimate quality adjustments for individual airlines by looking at the transaction 

prices for aircraft they sold - to see for instance if particular airlines obtain significantly 

positive or negative deviations from expected values). I could also try to impose more 

structure on the price path for the same aircraft over time, such as a random walk with 

drift, in order to derive quality-adjusted estimates for aircraft mean returns and 

variabilities over time. 

Tax considerations are also a prime influence in driving the growth of aircraft 

leasing, as during the period covered airlines frequently had insufficient profits to take 

full advantage of tax depreciation allowances for capital investment. Factors such as 
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effective tax rates and, where appropriate, expected tax-paying starting dates are 

important considerations when calculating the value of any capital lease to the airline 

lessee. Since the market valuation of capital leases has not been covered before in an 

empirical manner so too there has been little written about how to treat the assets 

underlying the capital leases. While I have assumed that airlines as lessees in capital 

leases have a comparable interest as ownership (involving full amortisation and 

categorised in leasing theory as strict financial leases), this may not be so if at the end 

of the lease term full ownership passes to the lessee only on additional payment of an 

agreed sum. Further research is necessary to estimate the proportion of equity interest 

in assets under capital leases that is typically retained by the lessee. 

In chapter 61 used an LP formulation to produce quick and dirty estimates of the 

likely relationship between changes in aircraft values and capitalised rents. This clearly 

is an area that would repay more work. 

To look at the impact of the continued consolidation of the US airline industry, 

additional aircraft prices and airline balance sheets could be collected until the present 

time. This would enable one to see whether the negative airline industry rents have 

continued. 
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