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ABSTRACT

The last decade has been a period of fundamental transformations for the US airline
industry and has caused many carriers to make significant changes in their operational strategies.
The traditional US network or “Legacy” carriers have had to deal with many new challenges
including the devastating effects of 9/11, increased competition from low-cost airlines and
increased volatility in fuel prices, to name a few. These setbacks have pushed many carriers into
a financial crisis. In fact, four out of the six major airlines in the United States filed for
bankruptcy protection between 2001 and 2005. In the midst of this crisis, these traditional carriers
have had to concentrate on reducing their unit costs and improving their productivity levels in
order to survive.

The goal of the thesis is to examine to what extent these changes have led to a
convergence in terms of unit costs and productivity levels between the Legacy carriers and their
low-cost counterparts. Specifically we analyze and break down unit costs and productivity
measures into their underlying components in order to identify what is driving change in the
industry. We compare the different results at various levels of detail, including aggregate industry
group trends, individual airline results and fleet-level based results comparing wide-body to
narrow-body aircraft.

We find that there are both qualitative and quantitative signs of convergence in several
different categories in which LCCs have traditionally held a competitive advantage. These
include unit costs excluding fuel and transport-related expenses, labor unit costs and employee
wage productivity. On the Legacy side, the key forces driving improved efficiency have been
dramatic labors cuts and higher stage lengths. The former has been achieved by utilizing the
bankruptcy while the latter results from the shifting of capacity towards international markets. On
the LCC side we find that a significant increase in labor wages resulting from increased staff
seniority has been the main source of losses in certain productivity results. Despite these signs of
convergence, our fleet-level based analysis also showed that LCCs still retain a significant
competitive advantage when isolating narrow-body fleets which are usually flown in the domestic
US markets.

Thesis supervisor: Peter P. Belobaba
Title: Principal Research Scientist of Aeronautics and Astronautics






A recession is when you have to tighten your belt; depression is when you have no belt to
tighten. When you've lost your trousers - you're in the airline business.

Sir Adam Thomson
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Chapter 1

Introduction

Over the last three decades there has been a dramatic reshaping of the US airline industry
caused by a variety of factors. These include: the Deregulation Act of 1978, the shift towards
Hub-and-Spoke networks, the emergence of Low-Cost Carriers (LCCs) as an alternative business
model, the terrorist attacks of 9/11 and the increasing volatility in fuel prices. Although the airline
industry has always been cyclical, its complexity and sensitivity to external factors such as the
ones mentioned above has always made any sort of stability impossible. This in turn implies that
it is crucial for airline companies to be able to adapt dynamically to changing market conditions

on a constant basis - something that is of course casier said than done.

Some of the recent issues airlines have had to address include a downturn in average
fares and passenger demand coupled with surging fuel costs which have pushed several Legacy
carriers' to file for bankruptcy and to undertake restructuring efforts. In this turbulent
environment which has been in place since 2000, these carriers have had to rethink their business
models: Being limited in their ability to stimulate enough passenger demand, and seeing the
success of certain LCCs such as Southwest and JetBlue throughout these unstable times, these
long-standing airlines have concentrated their efforts into cutting costs and improving their

productivity.

It is the goal of this thesis to examine to what extent Legacy carriers have been successful
at coping with these changes and to evaluate their success in bridging the cost and productivity

gap that historically exists between them and their low-cost rivals.

" The term “Legacy carriers” refers to the traditional Major carriers most of which existed through the 1978
Deregulation Act. In the current period, we include the following airlines in this group: American,
Continental, Delta, Northwest, United and US Airways
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1.1. The Airline industry Cycles and Recent Trends

The US airline industry has experienced several up/down cycles since the Deregulation

Act of 1978. The two most recent ones have occurred in the past decade:

The golden period of the 1990s

The end of the 1990s saw airlines around the world bringing in record profits and the
1995-1999 period was particularly favorable to the US airline industry. US carriers benefited
from a strong economy generating substantial passenger demand and healthy revenues. During
this four year period, US carriers reported over $22 billion in net profits®. It is also interesting to
note that crude oil prices, which are heavily correlated with jet fuel prices, were relatively low

over that same period ranging between $15 and $30 per barrel.

- Downturn of 2000
This profitable period was followed by a severe economic downturn starting in 2000.
According to the Air Transport Association (ATAY, US airlines reported cumulative net losses of
over $40 billion between 2001 and 2005. The price of oil climbed from under $30 to over $70 per
barrel during the same period. Although oil — priced at twice the level of late 90’s — is certainly
onec of the major reasons that plunged airlines into a downward cycle, there are many other

factors that contributed to this trend.

Reduced traffic

At the turn of the century, several of the world’s major economies including the United
States, experienced a slowdown. This put downward pressure on passenger traffic as measured by
Revenue Passenger Kilometers (RPK), breaking the upward trend in place since the 1980’s.
Specifically, RPKs in the US airline industry dropped 6% from 2000 to 2001, and another 2% the
year after’. These figures also include the effects of the September 11 2001 attacks which greatly
accelerated and increased the downward pressure on traffic. A 2006 IATA* report on the effects
of 9/11, states that domestic passenger traffic in the US has not yet recovered from this terrorist

attack. US domestic enplanements for July 2001 were at 50 million, versus 44 million for July

2 Peter Belobaba, MIT Airline Industry Lecture Notes, Introduction. Airline Industry Overview, September
6, 2006

? John Heimlich, Air Transport Association, 2007 Qutlook: "Reaching for the Skies?”, www.airlines.org,
Jan. 2007

* International Air Transport Association, The Air Transport Industry Since 11 September 2001, 2006
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2006 (a 12% drop). Yearly domestic enplanements for 2006 were forecasted at 480 million versus
actual traffic of 540 million in 2000 and 500 million in 2001 (respectively representing a 11%
decrease from pre-9/11 levels and a 4% decrease from post-9/11). At the same US airlines also
experienced a decline in capacity as measured by Available Seat Miles (ASMs). From 2000 to
2001 international ASMs dropped 3% and from 2001 to 2002 they dropped a further 3.6%. In
terms of domestic ASMs, there was a 2.6% decrease from 2000 to 2001, and a further 4.6%

decrease the year after.

Lowered yields

In addition to this reduction in traffic and capacity, airlines had other pressures to face:
Average fares and yields slipped during the same period, affected by the factors mentioned above
but also by the internet startups debacle in late 2000. The collapse of the dot.coms heavily
reduced business passenger traffic and as these passengers typically paid the highest fares, this
pushed average fares and yields down. Geslin® (2005) showed that US airline fares decreased on
average by 16.4% from 2000 to 2004. This decrease was even more severe in markets that had
acquired new LCC competition during this time and was of the order of 31%. Concerning
passenger yields, the JATA* reported an estimated 25% decrease in US domestic markets from
2000 to 2005. Furthermore during this period the developments in the field on information
technology gave way to enhanced internet distribution channels which had a dual cffect. They
certainly helped to reduce the cost of booking however at the same time they created more fare

transparency for passengers leading to increased competition and lower yields.

Increase in labor costs

At the same time, an increase in labor costs was accentuating the losses in profits that
airlines were experiencing. Prior to the golden period in the late 90s, airlines suffered yet another
down-cycle in their history caused by an unfavorable economic environment from 1990 to 1995.
During these crisis years, and more particularly towards the middle of the 1990s, US carriers
renegotiated wage agreements with their unions and obtained important concessions which
helped them survive through the turmoil. These renegotiations were typically planned out over
the next three to five years. This set the stage for greater labor problems in the years ahead. In the
end of the 90s, airlines were once again profitable benefiting from a rebounding US economy. By

then, the contract concessions that were obtained at the end of the crisis years were expiring, and

> Celia Geslin, Pricing and Competition in the US Airline Markets: Changes in Air Travel Demand Since
2000, Department of Civil and Environmental Engineering Thesis, MIT

19



as unions saw their airlines generating record profits, they pushed heavily to renegotiate their
contracts once again. They wanted to benefit from this positive environment and recover some of
the concessions they were forced to make half a decade earlier. As a result, several US carriers
were forced to grant major wage increases: For example, United Airlines’ pilots received an
immediate wage increase between 21.5% to 28.5% in September 2000 followed by an annual 4%
increase for at least four years, and Delta proposed a 17.5% increase to its pilots in November
2000°. As the down-cycle hit yet again in late 2000 — early 2001, labor costs were at a peak and

heavily accelerated the losses experienced after 9/11.

Initial schedule and labor cuts

One of the first reactions to 9/11 was that Legacy carriers started to cut capacity. Almost
immediately after the attacks, flights were cut by around 20%’. In the aftermath of 9/11 schedules
were reduced and many companies started laying-off employees in order to remain competitive.
From 2000 to 2001, employment numbers for Legacy airlines decreased by nearly 10%®
translating into more than 64,000 jobs lost in a single year. From 2001 to 2005, the number of
employees working for Legacy carriers fell from just over 600K to under 530K, a further 13%

decrease.

Bankruptcy as a necessary step

Despite initial efforts at reducing capacity and workforce, the losses kept stacking up and
several of the large US Legacy carriers proceeded to file for Bankruptcy protection under Chapter
11. Two of the first were United Airlines which filed for protection in December 2002 and US
Airways which filed twice over a two year period (the first in 2002 and the other in Sept. 2004).
They were followed by Delta and Northwest who both filed in Sept. 2005. The other two major
carriers: American Airlines and Continental have not filed for bankruptcy but they certainly took
advantage of the tone set by their competitors to undertake major restructuring efforts and obtain
concessions from their unions.

Although bankruptcy is usually reserved as a last resort and has negative impacts far
beyond simply destroying shareholder value, it is often argued by airline analysts and especially

by the airlines themselves, that it might be a feasible solution to get some of the Legacy carriers

® Allbusiness.com, United Airlines flight attendants seek wage rise, http://www.allbusiness.com/operations
/shipping-air-freight/636972-1.html, September 25 2000.

7 John Rossheim, September 11’s Impact on the Workplace, http://featuredreports.monster.com/91 1 /world/
# Bureau of Transportation Statistics (BTS), Number of Employees for Major carriers 2000-2005,
http://www.bts.gov/programs/airline_information/number_of employees/certificated_carriers/index.html
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back on track. Even though it is not clear to what extent this is true, it is an effective way for
airline carriers to rethink their business models and gives them the opportunity to adapt to the
changing market conditions mentioned earlier. Arguably the ones that suffer the most are the
employees themselves as airlines use Chapter 11 to reduce the workforce and renegotiate or even
terminate contracts with unions. One example is that of US Airways: One month after their
second bankruptcy filing, a judge granted the company the authority to cut the pay of its union
workers by 21% (US Airways had asked for 23%) comparing the airline’s financial outlook to a
“fiscal time bomb™®. Another example is Delta: Just one week after filing for Chapter 11, the
company reported its plan to cut 9,000 jobs through 2007 (nearly 20% of its 52,000 workforce)
through attrition and layoffs, to reduce its less-profitable flights in the domestic markets by as
much as 20% (in part by downsizing hubs in Atlanta, Cincinnati and Salt Lake City) and to cut

the number of aircraft types in its fleet to seven from eleven'”.

Increased interest in consolidation

During this period, in addition to filing for Chapter 11, consolidation was seen as a
complementary viable solution. US Airways merged with America West and exited bankruptcy in
May 2005. Just under two years later, they made a hostile bid of $10 billion to acquire Delta in
Nov. 2006. Delta Management rejected the bid immediately arguing that it was too low and that
the Delta restructuring plan that was being put together would create greater value for
shareholders. Had the merger gone through it would have certainly raised a bigger issue: The US
regulatory authorities are facing a delicate situation because agreeing to one merger might spark a
wave of consolidation across the industry. In fact, rumors in Oct. 2006 were that Continental
could merge with United Airlines, although official press releases from both companies denied
this was true. In this feverish merger environment, LCCs have not remained passive. In Nov.
2006, AirTran made a hostile bid to acquire Midwest airlines. The Midwest Management team
rejected the offer, however as recently as Jan. 2007, AirTran addressed a letter directly to the
Midwest sharcholders urging them to take matters into their own hands and push this merger

forward.

A wave of consolidation might allow Legacy carriers to exit from their bankruptcy very

much like how US Airways did with America West, but it is not clear if it is in the best interest of

° Matthew Barakat, Associated Press, Airline Permitted to Slash Pay by 21%, The Honolulu Advertiser,
Gannett Co. Inc., http://the honoluluadvertiser.com/article/2004/Oct/16/bz/bz07p.himl, 10/16/2004

1 Marilyn Adams, USA Today, Delta announces significant job, pay and benefit cuts,
http://www.usatoday.com/money/biztravel/2005-09-22-delta-cuts_x.htm, 9/22/2005
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the passengers or the employees to reduce the number of competitors in the market. From a
regulatory perspective, the prospects for consolidation although tempting, may be limited for this

reason.

The road back to profitability

In summary, the most recent shifts that have been discussed above could be driving the
airline industry into a new era of its evolution. Passenger traffic has rebounded and exceeded pre
9/11 levels by over 14% in 2006. The profitability results for 2006 have been on the positive side
for most carriers and according to the ATA the US industry as a whole posted an aggregate net
profit of $3 billion (excluding restructuring and bankruptcy costs). It thus seems that the initial
results of the painstaking restructuring and cost-reductions are coming through and project a
positive economic outlook for the first time since 2000. In addition to these changes, the industry
has also benefited from an improving revenue environment and a recent downturn in crude prices
which had oil futures trading at around $50 per barrel in January 2007 (down from their $75 price
range during the summer of 2006). In fact, the ATA is projecting a $4 billion aggregate net profit
in 2007.

While these changes are welcomed, airlines still remain vulnerable to many external
factors including terrorism, pandemics and fuel price volatility. In addition, the current economic
environment with high Federal Reserve interest rates has some analysts speculating that a
possible economic recession could be at hand beyond 2007. In this time of change, where airlines
begin harvesting some of the initial results of their efforts, examining airline performance
indicators relating to costs and productivity is an essential part to understanding the dynamics of

the air travel industry and where it is headed.

1.2. Thesis Objective and Structure

1.2.1. Objective

This thesis examines how costs and productivity have evolved in the US Airline
industry from 1995 to 2006 and analyzes the underlying forces driving their change. We are
specifically interested in the differences between the traditional Network Legacy Carriers (NLCs)
and the Low-Cost Carriers (LCCs) on these two fronts. This interest is motivated by the apparent

record that LCCs have held in staying a step ahead of Legacy Carriers through the 2000-2006
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period. Indeed, despite having to deal with some of the same types of issues (such as surging fuel
prices and unstable passenger demand) LCCs have managed to achieve greater profitability and
sustained growth in a time where most Legacy carriers were plunging towards bankruptcy.
Acknowledging that cost structures and productivity played key roles behind this competitive
advantage, we conduct an in depth analysis breaking down these two factors into their various
sub-categories. Through this breakdown we also intend to show that the Legacy carriers’ reaction
and cost-slashing strategy from 2000 to 2006 has greatly increased their future performance
potential and is leading towards a cost and productivity convergence between them and their low-

cost counterparts.

Coming out of a period of great economic turmoil, and entering what could be an era of
sustainable positive profitability for the US airline industry as a whole, we believe that it is an
opportune time to conduct this cost and productivity-based analysis in an effort to better
understand the dynamics of the airline industry and to gain some insight on where it could be

heading next.

1.2.2. Structure

The thesis is composed of seven Chapters which are separated as follows:

In Chapter One we give an overview of the profitability cycles the airline industry has
been dealing with for the past decade and discuss the most recent news regarding consolidation
within the industry. We then provide our intentions and the goal of the thesis followed by the

structure used.

Chapter Two is separated in two parts. The first contains key concepts and definitions
that will be used throughout the thesis. The second is a literature review which looks at some of
the historical factors that have played a key role in shaping the airline industry since the
Deregulation Act of 1978. We explain how these changes have increased the importance of
understanding performance measures for airline managers and why it is especially relevant to our
thesis. We also describe the qualitative measures that are used across the industry and give a

summary of the more quantitative methods commonly adopted in academic literature. A review
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of the current standard in productivity performance measures stemming from the field of

economics will also be detailed.

Chapter three is intended to describe in detail the dataset that we have used and the
measures we have extracted. In this Chapter we also explain our methodology and we detail the
process of airline and aircraft group selections, aggregation, regressions and stage length

adjustments.

Chapter four concentrates on the analysis of unit costs and is broken down into three
main parts: We first examine aggregate measures of unit costs and compare findings between
Legacy carriers and LCCs. We then take a look at individual airlines in both groups and give
more details explaining the convergence of unit costs that is observed. We also conduct a
regression of unit cost vs. stage length in an effort to better understand the relationship between
these two variables. The final part contains a detailed analysis done at the fleet level which

compares unit costs across different aircraft sizes (small vs. large).

Chapter five concentrates on aircraft productivity and aircraft utilization. We look at
aircraft productivity measures and these are analyzed following a similar structure to the previous
Chapter. We start from an aggregate level, and then get into more details by comparing results
between individual airlines. This section also includes further regressions which provide us with
more information on the underlying forces driving productivity improvements for both Legacy

carriers and LCCs. The final part contains the fleet level analysis.
Chapter six contains the analysis of employee productivity and is structured in the same
way as Chapter five. We look at aggregate productivity results followed by carrier-specific results

and finish by a brief section on employee productivity at the fleet level.

Chapter seven presents a summary of the findings and discusses some of the limitations

that we have with our analysis. It also suggests further directions for future research.
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Chapter 2

Definitions and Literature Review

This Chapter is separated into two sections. The first contains definitions of common
terms that are widely used in the industry and that we will be referring to regularly throughout the
thesis. The second section is a literature review of costs and productivity analysis in the airline
industry. This section covers both qualitative and quantitative methods of establishing and

analyzing cost and productivity measures.

2.1. Definitions

There are several terms that we will be using throughout the thesis which we are going to

define in this section.

Available Seat Miles or Available Seat Kilometers (ASMs or ASKs)

Available seat miles measure the airline’s output capacity in terms of seats and flight
distance. It is equal to the number of total seats available multiplied by the distance flown. This
measure is a commonly used indicator of airline output and is also used as a normalizing variable
to remove the cffects of capacity differences across airlines. Further examples are given in the

definitions below.
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Revenue Passenger Miles or Revenue Ton Miles (RPMs or RTMs)

Revenue Passenger Miles measure the airline’s traffic in terms of number of total
passengers times the number of total miles they were flown. It is commonly used to compare
traffic across different airlines. Revenue Ton Miles is a similar measure to RPMs but uses a fixed
conversion ratio to calculate the total weight of the passengers carried rather than the total
number of passengers carried. The conversion ratio assumes an average weight for each
passenger. This measure is needed when comparing revenues generated from paying passengers

to revenues generate from cargo which are naturally expressed in RTMs.

Block Hours (BH)
Block hours are defined as the time from when an aircraft’s leaves from the departure
gate to when it reaches the destination gate. In addition to flight time, it thus also includes time

spent waiting in the take-off queue and taxiing to the ranway.

Aircraft Days (ACdays)

Aircraft days are defined as the number of aircraft multiplied by the number of days they
were utilized, or active in the fleet. For an aircraft to be considered active it must be available for
service on the reporting carrier’s routes or on routes of others under interchange agreements. This
includes days during which the aircraft are in overhaul, or temporarily out of service due to
schedule cancellations and excludes aircraft that are not available for productive use. This

measure is an indicator of fleet size and is commonly used in productivity measures.

Average Stage Length (SL)

The average stage length is defined as the average distance flown by each aircraft, from
takeoff to landing. It is calculated as Total Revenue Aircraft Miles flown divided by Total
Departures Performed. Stage length will thus differ by airline and fleet type and will influence

productivity measures.

Unit Costs (CASM or CASK)

Airlines are required to report their operating expenses to the US DOT on a quarterly
basis. These are reported under two different forms: The P-6 which breaks down costs by
objective grouping and the P-7 which breaks down costs by functional grouping. Although these

breakdowns can be interesting to look at individually, accounting differences between airlines can
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render direct comparisons across the different cost subcategories impossible. It is thus more
common in the literature to find that cost comparisons across airlines are done at the aggregate
total expenses level. A universal measure used to compare cost efficiency across airlines is unit
cost also referred to as cost per available scat mile (CASM). Unit cost is defined as total operating

expenses over available seat miles (ASM).

Total Operating Expenses
Total ASM

CASM =

This measures the average cost of flying one seat for one mile and is thus a way to
compare the cost efficiency of different airlines by adjusting for capacity output. This adjustment
is needed to eliminate the bias resulting from the fact that operating costs depend directly on the
aircraft capacities and the distances they are flown. In theory, the lower the CASM, the more
potential the airline has to generate profits. As a side note, this measure is usually compared to
the revenues per available seat mile (RASM), and their difference gives the airline’s profit per

available seat mile.

Productivity

There are several types of productivity measures commonly used in the airline industry.
These usually involved differentiating between two main types of productivity categories: aircraft

productivity and employee productivity.

Aircraft Productivity

Aircraft productivity indicators measure to what extent airlines have been utilizing their
aircraft efficiently and define variables that allow a direct comparison across airlines. There are

two main variables used:

e Aircraft utilization: Aircraft utilization is measured as Block-Hours per Aircraft per Day.

This indicates how many block-hours each aircraft is being used, or is active per day, on
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average. A high aircraft utilization rate typically is an indicator of low turn-around times

at the gate or long average stage lengths.

TotalBlockHours

BH / ACday =
TotalAircraftDays

e Aircraft output efficiency: Another important variable used is the average output

produced by each aircraft per day. This is given in terms of ASMs per Aircraft Day.

ASM | ACday = TotaldSM = (#departures) * (avg.stage length) * (# seats)
TotalAircraftDays

Using the above definitions, we can see that there are several ways to improve aircraft

productivity'':

¢ By increasing the number of departures performed per day (i.e. increasing frequency or
improving turnaround times and/or taxi times)

¢ By flying more seats per aircraft (i.e. reducing first class and/or business class seats to
leave more room for economy seats)

e By increasing the average distance flown by each aircraft (i.e. increasing stage length)

Employee Productivity

There are several ways to assess employee productivity commonly adopted through the

literature. We have specifically chosen four different variables to help us in our analysis:

e Employment: This is simply the total number of employees reported annually in the Form
41 filings. We will specifically be looking at and comparing the change in number of

employees over time across different airlines.

' peter Belobaba, Notes from 16.71 Airline Industry Class, Fall 2007, Massachusetts Institute of
Technology
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Employment = Total Number of Employees

Labor expenses per ASM: This is measured as total dollar salaries and benefits (or total
compensation) per ASM and represents the labor portion of the cost of producing one
available seat-mile. This is a good way to compare employee productivity across

different airlines.

Total Salaries and Benefits Paid
Total ASMs

Labor Unit Cost =

Employee capacity output: This is measured as ASMs per employee. It is essentially an

indication on how many seat-miles an employee can produce on average.

Total ASMs
Employment

Employee Output =
Wages capacity output: This is measured as ASMs per dollar salaries and benefits that are
paid out to employees. This indicates how many seat-miles are produced per dollar of

total compensation paid out to the employees. It is the inverse of Labor Unit Costs.

TotalASM
Total Labor Expenses

Wages Capacity Output =
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2.2. Literature Review

Establishing comparative airline performance measures has been a concern for airline
managers and policy makers ever since the beginning of the business. Yet its significance truly
surged in the post-regulation era after 1978. With the resulting increase in competition and as
airline companies were given more freedom to develop their business plans and optimize their
operations, they also developed a need to establish measures that could guide them in their

decisions and projections.

It is thus not surprising to find literature from various sources covering this topic. Some
of the researchers include the airlines themselves, government agencies (Department of
Transportation, Bureau of Transportation Statistics and Federal Aviation Authority), airline
consulting companies and academics from the fields of civil aeronautics, transportation science
and economics. The types of studies that are conducted clearly depend on the originating
organization but perhaps even more so on the trends prevailing in the industry at the time. For
example, during the decade that followed the Deregulation Act, most studies focused on the
effects of this deregulation and the resulting change in competition. In the late 1980’s, a lot of
effort was put into understanding economies of scale and in the early 1990’s the focus was shifted
towards the importance of the Hub-and-Spoke model. In the late 1990’s many studies looked at
LCCs and their effects on revenues and average fares. After the turn of the century, the interest

shifted to the impacts of 9/11, the down-cycle of the industry and the effects of high fuel prices.

Looking more specifically at productivity and costs, although they have been a part of
some of these studies, they tend to get the spotlight only during down-cycles and times of
revenue/demand crisis when profits turn red. Yet given the cyclical and low profit-margin nature
of the airline business, it is often argued in the literature that airlines should concentrate on long-
term cost cutting strategies to ensure survival and sustainable growth. The most recent trend has
been to focus on the differences between Legacy carriers and LCCs in an effort to understand
what role costs and productivity have played in their operating results. This has been driven by
the apparent sustainability of profits several LCCs have shown, but also by the increased
importance that airlines themselves have placed onto controlling their costs and increasing

productivity in this most recent economic downturn.
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Given the inherent complexity of airline operations, there is no clear guide to establishing
a comprehensive and integrated approach to performance evaluation. On the other hand, there
exist a number of qualitative methods commonly accepted and used across the industry which
give indications of cost and productivity performance in an isolated manner. Furthermore, several
quantitative methods have been applied, stemming mostly from the field of econometrics, to
create aggregate indices of costs and productivity. A comprehensive guide to these quantitative
studies can be found in Oum and Yu (1998)">. Some of the popular methods described in this
book include: the Partial Factor Productivity (PFP) model and Total Factor Productivity (TFP)

model. A detailed description of these practices is provided in this section.

2.2.1. Airline Performance Indicators

Definition of performance categories

Performance studies measure how effective a company is at utilizing its costs (inputs) to
produce its outputs and market them to consumers. Feng and Wang (2000)"’ provide a summary
of the conventional breakdown of operations for an airline. The breakdown includes three

categories: factor input, product output and consumer consumption, as shown in Figure 1.

Factor Production | Product Marketing | Consumer
Input “| Output "1 Consumption
K
Execution

Deciding the factor inputs for the next period

Figure 1 Breakdown of operations
Source: C.-M. Feng, R.-T. Wang"?

The input factors include variables such as labor, fleet, capital, assets etc. The outputs for
an airline include seat capacity and distance flown (or more conveniently ASMs). The inputs and
outputs will be further detailed in the next section. Consumer consumption can refer to

passengers flown and operating revenues.

2 Tae Hoon Oum, Chunyan Yu, WINNING AIRLINES, Productivity and Cost Competitiveness of the
World’s Major Airlines, Kluwer Academic Publishers, Transportation Research, Economics and Policy
(1998).

" Cheng-Min Feng, Rong-Tsu Wang, Performance evaluation for airlines including the consideration of
financial ratios, Journal of Air Transport Management 6 (2000) 133-142
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Figure 1 also classifies the three traditional types of performance categories:

¢ Production efficiency: This measure is more commonly referred to as productivity and is
a measure of how effective an airline is at utilizing its inputs to produce its products
(outputs). A conceptual definition of productivity is the ratio of output to the input used
to produce it:

.. output
productivity = _p
Input

s Marketing efficiency: This measures how effective the company is in marketing its
products (output) to consumers (consumption).

e Execution efficiency: This measures how effective the companies’ management is at
adjusting its production strategy to accommodate observed consumer consumption

trends.

An idealistic approach of performance evaluation would have to consider and integrate
all three of these categories, however the feasibility of such a study depends on the complexity of
the company’s operations. Typically for studies in the airline industry, these three categories are
separated and examined at individually. Since our goal here is to concentrate on costs and
productivity differences between Legacy carriers and LCCs, we will concentrate mostly on

analyzing the literature related to production efficiency and costs.

Airline Inputs and Outputs

As measuring productivity compares outputs to the inputs utilized to produce them, both
of these terms need to be defined relative to their use in the airline industry. In the literature what
constitutes outputs and inputs is largely subjective and depends on the purpose of the study at
hand.

This is especially the case in qualitative studies that can concentrate on a particular aspect
of productivity. For example, a 2004 US Government Accountability Office report'® on airline
costs and profitability defines labor productivity as ASMs per employee. The output they use is

therefore ASMs and the input is defined to be the number of employees used to produce those

14 United States Government Accountability Office (GAO), Commerical Aviation, Legacy Airlines Must
Further Reduce Costs to Restore Profitability, GAO-04-836, August 2004.
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ASMs. In contrast, Jordan (1982)"° in his government report on Canadian airline performance
defines labor productivity in several different ways. He uses RTMs per employee and operating
revenues per employee and also breaks down employees by category (pilots, maintenance,
servicing, management...) in order to compute their respective productivities. In this case outputs
are defined as RTMs and operating revenues, and inputs are defined as number of employees in
cach of those categories. Although both studies claim to analyze labor productivity, their
definitions diverge significantly and they are essentially looking at different types of labor
productivities. When wanting to analyze productivities, it is thus essential to clearly define the

inputs and outputs used, and to be aware of the advantages and shortcomings of these choices.

Looking at quantitative studies, the situation is somewhat similar. However, as studies
typically involve creating aggregate indices of inputs and outputs, there have been attempts to
standardize what should constitute each of them. In Oum and Yu (1998)'? and also in many other
quantitative studies it is common to find that inputs and outputs are broken down into five

categories each.

Outputs:

o Scheduled passenger service: measured in revenue-passenger kilometers, RPKs

o Scheduled freight service: measured in revenue-ton kilometers RTKs

¢ Mail service: measured in RTKs

¢ Non-scheduled passenger and freight services: measured in RTKs

e Incidental services: which include non-airline businesses (such as catering, ground
handling, rescrvations services for other airlines, technology sales, consulting, hotel
agreements etc.). Oum and Yu estimate that this category can account for up to 30% of
total operating revenues for some airlines with an average of 8% for the airlines included

in their sample set.

Inputs:
e Labor input: measured by total number of employees
e Fuel input: measured by gallons of fuel consumed
e Flight equipment: measured by computing a fleet quantity index. This index is

constructed by computing two separate variables: First, using the multilateral index

5 William A. Jordan, Performance of Regulated Canadian Airlines in Domestic and Transborder
Operations, Consumer and Corporate Affairs Report, Canada, (1982)
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procedure established by Caves, Christensen and Diewert (CCD, 1982)'¢ an aircraft
price index based on 14 types of aircraft is established (the CCD method is detailed in
section 2.2.4). Then, annual cost for each aircraft type is estimated by using lease rates
and the total annual aircraft cost is calculated by summing across all aircraft types.
Finally, the fleet quantity index is obtained by deflating total annualized costs by the
aircraft price index.

e Real stock of ground properties and equipment (GPE): estimated using the perpetual
inventory method (PIM) proposed by Christensen and Jorgenson (1969) which
accounts for interest, depreciation, corporate income, property taxes and capital
gains/losses.

e Materials: Oum and Yu define this as a catch-all cost category containing expenses that
do not fit in any of the other four categories. These are costs such as airport fees,
passenger meals, consultants, non-labor repair and maintenance, stationery etc. This
category is computed by subtracting labor, fuel, flight equipment rentals, and

depreciation and amortization from total operating expenses.

This set of outputs and inputs is common in the literature, especially in the papers using
the Total Factor Productivity (TFP) method. However it is also not difficult to find other
quantitative studies on productivity that do not follow this breakdown. For example, Ceha and
Ohta (2000)'7 define three inputs and one output in their study of their productivity change
model. Their output is expressed in terms of ton-kilometers performed (RTKs). Their inputs
include ASKs, cargo-ton kilometers (cargo RTKs) and aircraft hours. A description of why these
specific variables are chosen is quite limited and the authors justify their choices by stating that
“Sets of inputs and outputs...” have been chosen “...after some experimentation”. They continue
by stating that the first two inputs are important because they provide “meaningful managerial
information about the capacity of the airline”, and the third is meaningful for “estimation of the

direct operating costs”.

To summarize, despite some efforts at standardizing inputs and outputs for the airline
industry, there are many different studies that have different definitions of inputs and outputs.

Herein lays one of the main difficulties of productivity analysis and perhaps one of the

' Caves, D. W., L. R. Christensen, and W. E. Diewert, Multilateral Comparisons of Output, Input, and
Productivity Using Superlative Index Numbers, Economic Journal, 92, 73-86, 1982.

'” Rakhmat Ceha, Hiroshi Ohta, Productivity change model in the airline industry: A parametric approach,
European Journal of Operational Research 121 (2000) 641-655, November 1998
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fundamental reasons why a single and integrated guide to airline productivity analysis does not
exist. As the choice of inputs and outputs remains subjective, so does the interpretation of

productivity measures.

Distinction between output and capacity

In the previous section, the notion of output plays a central role in productivity analysis.
However, output is also in some cases referred to as capacity. Holloway (2003)'® explains the
distinction that should exist between the two. Whereas output is measured as currently produced
ASMs, capacity represents the maximum output that can potentially be achieved given a fleet
composition. In this sense, capacity is thus always equal to or greater than output. In most cases,
an airline will seek to get output as close to capacity as possible. Despite this distinction, these
two words are used interchangeably in this thesis but also throughout the airline industry and both

refer to the first definition i.e. current output produced.

2.2.2. Cost Analysis

Costs represent an important variable in many management decisions and controlling
costs has now become one of the main concems of airline companies. Although there are many
studies focusing on the relative breakdown of costs in the airline business, very few have actually
concentrated on linking them to productivity. The rcason this is important is that both of these
measures play a role in assessing the efficiency of an airline’s operations. Reviewing the
literature on costs, we retained two different sources which combined, we believe provide a

complete approach to understanding airline costs.

Cost definitions and breakdowns

The first step is to gain an understanding of the different cost components in the airline
business. In his book on airline economics, Holloway (2003)'® covers the topic of costs from a
descriptive perspective. He gives an overview of the various types of breakdowns that have been
established to assess costs in the airline business. The first breakdown is given in terms of fixed
costs (leases, rentals, land, buildings, aircraft, ground equipment) versus variable costs (costs of
providing ASMs). In his second section on costs, the author provides the current standard in cost

classification in the airline industry. Total costs are separated into non-operating costs (interest

'8 Stephen Holloway, Straight and Level: Practical Airline Economics, Ashgate, 2003.
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expenses, affiliate losses...) and operating costs. Operating costs are broken down into indirect
costs (ticketing, sales, passenger servicing, overhead...) and direct aircraft operating costs which
include fixed items (maintenance, aircraft ownership...) and variable items (fuel, oil, other flight-
hour driven costs...). The author also describes alternative approaches to cost classification
including the separation of costs by function (or in other words by departments), by product, by
route and other common ways of cutting up costs including a description on the cost breakdown
found in the Form 41 filings that airlines have to report to the US government. In summary we
believe this provides a complete overview of the current standard in cost categorization in the US

airline industry.

Focus on labor costs

The second source that is relevant to our thesis is Doganis (2006)'° who concentrates on
the importance of labor costs. Doganis argues that labor costs along with fuel costs should be the
two most important cost categories to analyze because combined they usually account for about
50% of an airline’s total costs (respectively 30% for labor and 20% for fuel although these
numbers can be reversed given the volatility of fuel prices). Furthermore, he provides two reasons
justifying why emphasis should be placed on labor costs. The first is that given the recent crisis in
the airline industry, labor costs have become increasingly controllable by airline managers and
the second is that because the “unit price of labor varies significantly between airlines [...] labor
cost is a major factor in differentiating costs between competing airlines”.

The author also argues that the impact of labor costs on the overall cost structure of an
airline is dependent on the interplay of two groups of factors. The first group relates to the cost of
labor relative to the total costs, and the second group relates to the productivity of the labor used.
In his own words, “labor costs depend on the unit cost of labor as an input and the amount of that
labor that is required to produce a unit of output”, thus effectively linking costs to productivity as

we also believe they should be.

The unit cost of labor

The unit cost of labor is defined by Doganis as total labor costs divided by ASMs.
Among the factors that influence this variable are prevailing wage rates and social charges. In
particular, pilot wage rates are examined because they account for a disproportionate amount of
labor expenses given their small relative size in terms of the airline’s total workforce (expressed

in number of employees). He finds that cockpit crews can account for 20-30% of total labor costs

' Rigas Doganis, The Airline Business, Second Edition, Routledge, 2006.
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whereas they usually represent much less than 10% of total staff members. In addition to wages
and social charges, the author also identifies two further factors which affect the level of labor
costs in an airline’s overall cost structure. The first is the relative importance of the non-labor
costs. If an airline’s particular non-labor cost item is significantly low compared to its peers, this
will push the relative importance of its labor costs up. The second factor is that of the airline’s
home currency volatility which is important when comparing cross-border airlines. We find this
breakdown of costs into labor vs. non-labor to be particularly interesting and with some
adjustments that will be explained in the following Chapter, we used a similar method to establish

our cost comparisons between airlines.

2.2.3. Productivity Analysis

Labor productivity

Labor costs depend on the level of wages and social charges mentioned previously, but
also on the number of employees. According to Doganis, labor productivity is traditionally
expressed in terms of ATKs per employee and by looking at this measure he finds that LCCs did
not have significantly higher productivity than the better legacy carriers in 2002 for his sample
set. In the literature there are also alternative approaches to looking at labor productivity. These
included a study by Jordan (1982)15 looking at revenue passenger-miles (RPMs), revenue ton-

miles (RTMs) and operating revenues per employee.

Factors that influence costs and productivity

The above-mentioned authors also lead detailed discussions on the shortcomings of their
methods explaining that labor productivity is a complex issue depending on the interplay of
several groups of factors which can or cannot be influenced by management decisions. When
comparing productivities across different airlines we typically would want to remove the effects

of non-controllable inputs because of the bias they can lead to.
Doganis groups the factors that cannot be influenced by management in two categories.

e Institutional factors: Labor productivity depends on such factors as the number of

working days in a week and number of hours worked per day, the length of the annual
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holidays, maximum duty periods for flying staff, the hiring and firing laws relating to full
time personnel etc. Doganis argues that these factors can severely impede management’s

ability to improve the productivity of their staff.

s Operational factors: Among these are included the average size of the aircraft flown and
the average stage length. Regarding aircraft size, the author explains that there are
significant economies of scale when operating larger aircraft because some of the labor
inputs such as pilots and ground handling staff typically increase much less than the

increase in outputs from moving to a larger aircraft.

Jordan (1982) also pointed some of the shortcomings associated to using the variables he

picked out for assessing labor productivity (RPKs, RTKs and operating results per employee).

e The first is a similar argument to the one provided by Doganis involving operational
factors. Jordan states that in some cases, the results come from fundamental differences
in each airline’s operational structure which can distort the comparison. For example, and
airline with mostly large capacity aircraft will tend to produce more output per employee
than an airline with smaller aircraft. Comparing two such airlines will thus give us an
indication on which of the two strategies (large vs. small aircraft fleet) might be more
efficient, however it will not allow us to understand which of the two carriers has been

more efficient in producing output.

e The second shortcoming is as we argued earlier, that there is no clear and satisfactory
definition of airline output measures. For example using RPMs does not include revenues
generated from cargo and so does not give the complete picture in terms of total
generated output. The alternative for RPMs is to use RTMs (revenue ton-miles) but this
requires converting passenger-miles into ton-miles. This conversion is done by assuming
an average weight for each passenger (10 passengers per ton) and baggage. This method
excludes weight from passenger-related items such as seats and lavatories, and does not
distinguish between different types of cargo operations. It is unnatural to assume that a
ton of passengers carried and a ton of cargo carried should have the same weight of

importance in the calculation of output.
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We would also argue the following: An alternative way to measure output is to look at
capacity output by replacing RPKs with ASKs or ASMs. By doing this, we are shifting our focus
from the question of “how many passengers do 1 carry per employee?” to “how many seats are
produced per employee”?. In our view this is a more fundamental indicator of airline output.
Whereas RPKs depend on factors such as the airline’s marketing strategies and its effectiveness
to fill the seats with passengers (which would be a measure of marketing productivity and not
labor productivity), ASMs are clearly the more primary form of airline output measure when it

comes to labor productivity because they do not depend on such factors,

In addition to the above explanations, Holloway (2003)'® also includes two other factors

that can influence productivity:

o  The nature of the product offered: A full-service flight requires longer turnaround
times than a limited no-frills service.

e Network structure: Depending on whether the airline is organized in a hub-and-
spoke network or if it is flying point-to-point, its output will vary dramatically.
As a rule of thumb, the point-to-point structure tends to achieve greater output

levels than the hub-and-spoke model.

2.2.4. Quantitative Approaches to Productivity Analysis

The use of the generic input-output model described earlier leads to a method of
comparing productivities called the factor productivity methods. These were initially developed
in the field of economics to establish a way to evaluate productivities across different industries,
and it has thus been the goal of many academics to extend it to the air travel industry. The most
successful attempts have utilized the Partial Factor Productivity and Total Factor Productivity

models described below.

Fartial Factor Productivity Models

As mentioned previously, productivity is measured as the ratio of output to input,
however airlines use a combination of inputs (assets, labor, aircraft...) to produce a combination
of outputs (ASMs, RPMs...). Therefore, although the definition of productivity is conceptually
simple, it can be difficult to measure because it requires establishing methods to aggregate its

different components.
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Partial measures of productivity are thus commonly used to compare differences in
performance between airlines by isolating each input and computing its efficiency by linking it to
its output (examples are given below). The advantage of these partial measures is that they are
easier to compute and remain analytically tractable.

This is certainly the case when compared to some more advanced models that we will
describe in the next section. However the PFP method developed by Oum and Yu still requires
the computation of an aggregate output index. Essentially what this method involves is to isolate
a particular input to focus on (such as labor costs for example), and take the ratio of the total
aggregate output index to this input.

The output index is computed using the Translog Multilateral Index procedure proposcd
by Caves, Christensen and Diewert-CCD (1982)'%. The resulting index is a weighted average
which uses cost shares of the capital categories as weights for the aggregation. This method of
aggregation is very common and the full mathematical formula is given below. Considering i

observations and k categories of aggregation:

P~ 2 P~ 2 P

J

|

where P; is the price index for t'he i-th observation, Py; is the price for category k of the i-th
observation, the Wy; are weights, a bar over a variable indicates the arithmetic mean and a tilde

indicates the geometric mean.

Oum and Yu'” also argue that these partial results need to be interpreted with caution
because of two main reason: The first is that by definition a single input does not hold all of the
information about the airline’s total productivity and the second is that measures of these partial
indicators are affected by variables that are beyond managerial control such as average stage
length and composition of outputs. The effects of such uncontrollable factors must be removed in
order to establish measures allowing for a meaningful comparison of productivities across
different airlines. Two of these factors that were identified are similar to the ones mentioned by

Jordan (2003) and Doganis (2006). These are:

e Average Stage Length: This variable is highly dependant on the airline’s network

structure (Hub-and-spoke vs. point-to-point) and on other factors such as geographical
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location of its main airports, the structure of its routes (international vs. domestic flying)
and even government regulations. Since unit costs decline with stage length, longer stage

lengths tend to lead to higher productivities.

Composition or airline outputs: This variable refers to the composition of the airline’s
revenue streams. In the US market, most airlines have concentrated on the passenger
business which in relative terms is more significant than cargo and mail. Yet differences
in the breakdown between passenger, cargo and other businesses (such as non-core
activities) can influence airline productivities. For example, cargo servicing typically
requires less labor than passenger servicing (but also generates less revenue). When
comparing different airlines, if cargo is excluded, this could lead to a bias when
computing revenues-generated per employee in favor of the airline with the higher cargo-

service component.

In their study, Oum and Yu'* define four PFP variables. These are:

Labor efficiency: Which is defined by computing the aggregate output index described
earlier and taking its ratio to the number of employees. Using this method, they find that
for example Northwest has been consistently on top in terms of labor efficiency, followed

by Continental and United (for the 1986-1993 sample period).

Fuel efficiency: Which is defined by the ratio of the aggregate output index to the total
number of gallons of fuel consumed. They find that United and Canadian had the highest

fuel efficiency figures.

Aircraft efficiency: Which is defined by the ratio of the aggregate output index to the
aggregate fleet quantity index. They name Continental as the most aircraft efficient

airline based on the above definition.
Materials efficiency: Which is defined as the ratio of the aggregate output index to the

materials quantity index. This measures shows that American had the highest materials

efficiency among the sample set.
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The authors then continue by arguing that each input efficiency measure tells a “different
story” regarding an airline’s relative performance to its peers and that in order to get a “complete
picture” the efficiency of using all inputs should be considered in an integrated manner. This can

be done by using the TFP method.

Total Factor Productivity Models

Caves et al. (1981) focused on levels and growth rates of Total Factor Productivity (TFP)
for a set of 11 US Carriers between 1972 and 1977. In the subsequent years, several papers were
written investigating and putting to use TFP measures: These include Caves et al. (1987) which
showed the effects of US deregulation on airline productivity and Bauer (1990) which linked TFP
growth to changes in return of scale, cost efficiency and technology. In the 1990°s several new
methods appeared including Good, et al. (1995) who used two different methods to compare eight
European and eight US airlines during the 1976-1986 period: Using the stochastic frontier
method and the data envelopment analysis (DEA) method which allow to take into account
technical efficiency, they found that deregulation played an important role in the increase of

productivity and efficiency in the US market.

A detailed example of TFP analysis can be found in Oum and Yu (1995)* who compare
productivity and unit cost for 23 international airlines. As these methods have been well
established and are utilized often we give a summary of their approach here. The authors’ goal
was to identify factors which influenced unit cost and productivity differences across their data
set. The analysis is broken down into the five traditional input/output categorics described
previously. An aggregate of all five categories for output and input is computed using the CCD
method. The TFP index is then defined as the ratio of aggregate output to aggregate input, and is
essentially a weighted average of the productivities of all the different inputs.

The TFP index is calculated for each airline allowing for a direct comparison across the
industry. Some of the shortcomings of this method are that it does not include the effects of stage
length, load factor and other variables that can influence productivity exogenously. Corrections
can be attempted to the TFP index by running regressions to extract the effects of these variables.

Although these methods are well-established and widely utilized in the academic

literature, it is our understanding that their use in the industry remains limited. The reasons

2% Tae Hoon Oum and Chunyan Yu, 4 productivity comparison of the world’s major airlines, Journal of
Air Transport Management Vol 2, No %, pp. 181-195 1995
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commonly raised are the difficulty to gather quality data with enough detail to construct the TFP
index. Furthermore, to overcome this lack of data, several restrictive assumptions need to be
made which raises an issue of tractability and can render the results less applicable. An example
of such assumptions can be found in Oum and Yu’s description of their output/input categories.
In both cases, one category is defined as a “catch-all” index which involves constructing an index

of data that could not fit in any other category.

In the scope of this thesis, we will not be following the TFP construction method for the
reasons mentioned above but also because we are more interested in breaking down productivity
to its different subcomponents rather than just constructing an aggregate index. Furthermore, the
view as to what constitutes relevant factor outputs and inputs can vary and is subjective and our

view diverges among studies.

Alternative Methods

Alternative and more advanced methods in calculating aggregate factor productivity can
be found in Sickles (1985)°' which use a more theoretical econometric approach and Oum and
Yu (1998)* which use the American Productivity Center (APC) model. Although these models
can have advantages in certain cases, they are significantly more complex to understand and
implement and their advantages are not necessarily relevant for our thesis. The most important
advantage they provide is perhaps the ability to include the effects of technology and to be able to
describe its role in shaping productivity. Since we will not be focusing on technological

innovations in the airline industry in this thesis, these methods will not be studied further here.

Eliminating uncontrollable factors

The usually way that some of the uncontrollable factors described earlier are isolated and
removed from the analysis is by conducting multifactor regressions to identify their importance.
These types of regressions are utilized in Qum and Yu* to remove the effects of stage length and
revenue stream composition and we will be using similar methods which will be described in

Chapter 3 to adjust our own results.

! Robin C. Sickles, 4 nonlinear multivariate ervor components analysis of technology and Specific Factor
Productivity growth with an application to the U.S. Airlines, Journal of Econometrics 27 (1985) 61-78,
North-Holland

%2 Tae Hoon Oum, Chunyan Yu, 4n Analysis of profitability of the world’s major airlines, Journal of Air
Transport Management 4 (1998) 229-237
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Other ways commonly used to account for these factors include an approach by Jordan
(1982) which involves plotting the desired variable (unit cost for example), versus the factor that
is supposedly affecting it (such as stage length) for a particular year. Taking the trend line of the
plot, this gives us a way to compare airlines based on whether they’re below or above the trend
line. This method is essentially equivalent to conducting regressions because obtaining the trend
line involves going through the regression process. These methods will be further detailed in

Chapter 3.

Additional performance categories — financial performance

This input-output models are all based on the assumptions that productivity only involves
looking at the operations of an airline and evaluating how efficient these are. In this sense, only
three productivity categories are defined as we explained at the beginning of this Chapter.
However some recent papers by Feng and Wang (2000)"* and Hung and Liu (2005)* argue that
financial considerations and balance shect information (such as debt-to-capital ratio) can also be
included in the analysis. Feng and Wang state that financial performance can directly influence
the survival of an airline and the absence of financial ratios will lead to biased assessment. A
conceptual framework is redeveloped to include finance aspects in addition to the traditional three
categories of production, marketing and management efficiencies. A case study is then developed
based on Taiwan’s five major airlines and the author shows that “performance evaluation for
airlines can be more comprehensive, if financial ratios are considered”. In particular, he
concludes that traditional transportation indicators are more suitable to measure production
efficiency than financial ratios and mixed indicators, and the execution efficiency is best
measured by financial ratios.

We believe these results provide a good justification for our decision to focus exclusively
on production efficiency (i.e. labor and non-labor productivity) not taking into account financial
performance, since we are primarily interested in comparing performance around traditional

transportation indicators.

3 Jung-Hua Hung, Yong-Chin Liu, 4n examination of factors influencing airline beta values, Journal of
Air Transport Management 11 (2005) 291-296
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Chapter 3

Dataset & Methodology

In this Chapter we describe the dataset used and the variables selected for our analysis.
We also explain our methodology for constructing aggregate cost and productivity measures, and
for grouping carriers into Legacy vs. LCCs. The methodology for analyzing costs and

productivity on the detailed flect-level is also explained.

3.1. Dataset and Time Period

Data source

The main source of data consists of Form 41 filings to the US Department of
Transportation (U.S. DOT pursuant to CFR Part 241) and the Securities and Exchange
Commission (SEC). We use Form 41 P and B schedules to extract the financial and operating

data needed. Figure 2 illustrates some of the schedules that airlines have to file and that we have

used to extract our data.

n Balance Sheet (quarterly)

Statements of Operati U.S. Department of

Aircraft Operating Expenses
(quarterly)

Revenues and
Traffic

Operating Expenses by

Objective Grouping (quarterly) Costd

P-12

(quarterty) Transportation
Employee Statistics by Labor
Lancr{ “ Category (annual)

Figure 2 Form 41 P and B schedules

Operating Expenses by
Functional Grouping (quarterly)
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Access to the data was facilitated using the Form 41 CD marketed by Data Base
Products®* (DBP) which contains statements of all US major, national and large regional airlines.
The carriers are divided into three groups according to total annual operating revenues: Group I
includes airlines not exceeding $100M; Group Il includes airlines with operating revenues
ranging between $100M and $1,000M and group 111 consists of airlines with operating revenues
higher than $1,000M. The CD does not include data for group I airlines with operating revenues
under $20M. Furthermore, the amount and quality of available data varies from group to group:
Data from group II and group III carriers is more reliable and complete than from group I carricrs.

In our analysis we have only kept airlines from groups II and IIIL.

Time period

The data available from the Form 41 CD goes back to 1977 however we chose to limit
our study to the 1995-2006 period. We find this interval to be particularly relevant as it represents
three different periods of the airline industry cycle: The golden 90s from 1995 to 1999; the
economic downturn from 2000 to 2005; and the start of what could be a new era and a return to

profitability in 2006.

3.2. Airline Group Selection

Throughout this thesis we will be comparing Legacy carriers and Low-Cost carriers, and
thus clear definitions must be ecstablished for both groups. Although this may scem
straightforward, it is a vital step in our analysis and needs to be examined in more detail. Given
the ever-changing nature of the airlinc business it is not always apparent where airlines stand in

terms of groupings.

Legacy Carriers

Legacy carriers are commonly defined as long-established and traditional airlines with
widespread hub-based networks and international service that allows them to generate a revenue
premium. In the literature, these airlines have also been referred to as major carriers (or the

majors), network carriers, network legacy carriers (NLCs) or traditional carriers.

2 Form 41 Airline Financial Statistics CD 1/1/2007, Data Base Products, Inc.
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Low-Cost Carriers (LCC)
In contrast, LCCs are usually considered to be airlines that have smaller point-to-point
networks, simpler service, a lower cost-structure and lower fares. Other common terminologies

used to refer to LCCs include low-fare carriers or new-age carriers.

It is not difficult to find airlines not satistying each one of those conditions. For example,
Southwest has always been considered a Low-cost carrier and for good reason: They pioneered
the “low-cost concept”; but looking at Southwest’s flight network, the picture is much more
ambiguous. Their original point-to-point structure has evolved into a complex hybrid point-to-
point/multi-hub based system generating traffic and dominating market share in many top US
markets. Their domestic network resembles that of a Legacy carrier’s.

There are also airlines that belong to a grey zone somewhere between these two
definitions. Alaska Airlines is a good example of this problem as it doesn’t fit well into any of the
two categories. Its cost structure is somewhat lower than most Legacy carriers, yet higher than
most LCCs and its network structure is somewhere in between both types of carriers. For this
reason, we decided to not include Alaska in our analysis of these two distinct categories.

Furthermore, there are certain airlines who simply ““declare” themselves to be of one type
rather than another. US Airways is a good ecxample of this self-imposed view as it is doing
everything in its power to enforce a low-cost culture to both its employees and its clients. In this
sense, the airline decided to change its stock ticker from “UAIRQ” to “LCC” reflecting the

company’s new business direction after the merger with America West.

As a general rule when setting our own selection for the purpose of this thesis, we tried to
classify airlines based on the two definitions above, but we also tried to integrate many different
aspects including the company’s history, culture and subjective view when the situation called for
it. We selected our sample size to six Legacy carriers and six Low-cost carriers after screening

the top 30 Airlines in the US in terms of domestic market share.

The breakdown we kept is given as follows:
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Legacy Carriers LCCs

America West and US Airways (HP + US) JetBlue (B6)

American Airlines (AA) Frontier (F9)

Continental (CO) Airtran (FL)

Delta (DL) American Trans Air (TZ)
Northwest (NW) Southwest (WZ)

United Airlines (UA) Spirit Airlines (NK)

Table 1 Breakdown of carriers into Legacy and LCC groups

These 12 carriers account for the majority of the US traffic market-share (as measured by
RPMSs). For the first seven months of 2006, the above-mentioned Legacy carriers accounted for
roughly 70% market share and the LCCs accounted for another 18%°. We thus believe that thesc
airlines constitute a large enough sub-sample to accurately represent trends throughout the

industry as a whole.

The US Airways — America West case

The US-HP merger which went through in 2005 will result in a single airline that will
keep the name of US Airways. So far, both airlines have merged service, however their Form 41
data is still filed separately. This case is particularly interesting because it involves the merger
between a traditional Legacy carrier (US), and a lower cost carrier (HP) and it can lead to some
confusion regarding whether the resulting company should belong to the first or the second
group. Looking ahead and for the purpose of our aggregate comparisons, we decided to combine
both airlines as one and included them in the Legacy carriers group under the single name US

Airways (US).

¥ Aviation Daily, US Industry Traffic Market Share, Eclat Consulting, McGraw-Hill, Friday, August 18,
2006.
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3.3. Data Extracted

For each of the above-mentioned airlines we extracted from the Form 41 CD a total of 37

variables. Table 2 gives the complete list of these variables along with the schedule from which

they originated.

# Source/Variable

# Name

# Name

P010 - Employment statistics
(1) Empl Pilots & Copilots
(2) Empl Total Weighted Avg CY Empl

P012 - Statement of Operations
3) Rev- Passenger
4 Rev- Total Operating Revenue
(5) Exp- Flying Operations
(6) Exp- Maintenance
(7) Exp- Passenger Service
(8) Exp- Aircraft & Traffic Servicing
(9) Exp- Promotion & Sales
(10) Exp- General & Administrative
(11) Exp- General & Administrative
(12) Exp- Depreciation & Amortization
(13) Exp- Transport Related
(14) Exp- Total Operating Expenses
(15) Operating Profit or Loss
(18) Net Income

P052 - Aircraft Op. Expenses
(17) FO- Fllots and Copilots
(18) FO- ACFuel
(19) FO- ACOil

PO5B - Traffic, Capacity and AC op.
(20) Revenue Aircraft Dpt. Perf.- Non Sch
(21) Enplaned Passengers - Sch+NSch Serv.
(22) RPMs - Sch. + NonSch. Serv. (000's)
(23) Rev. Ton Miles- Sch+NSch Serv.(000's)
(24) Avl. Ton Mies- Sch+NSch Serv.(000's)
(25) ASMs - Sch. + NonSch. Serv. (000's)
(26) Rev. Arcft. Miles- Sch+NSch Serv.
(27) Departures Performed - Sch+NSch Serv.
(28) Block Hours
(29} Total Airborne Hours
(30) Aircraft Days - Carrier Equipment
(31) Aircraft Days - Carrier Routes
(32) Gallons of Fuel
(33) Gallons of Oi

Table 2 List of variables extracted from Form 41 CD

Operating Exp. by Objective Grouping
(34) S&W- Total Salaries
(35) S&B- Total Salaries & Benefits
(36) Svcs- Outside Flight Eqpt. Maint.
(37) Svcs- Traffic Commissions - Passenger

An example of the data extracted at the carrier-level from Form 41 is given below for

American Airlines.
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Carrier <American Airlines> <AA*>
Eqguipment <All Equipment Types>

1985 1 1996 2 1995 3 1895 4 1896 1 1996 2 1996 3 1896 4
Empl Pilots & Copilots 23 8,391 8,391 8,391 8,391 8,369 8,369 8,369 8,369
Empl Total Weighted Avg CY Empl 99 83,463 83,483 83,463 83,463 78,902 78,902 78,902 78,902

Rev Passenger
Rev- Total Operating Revenue

-3,139,256,000 -3,394,151,000
-3,680,910,000 -3,976,141,000

-3,511,052,000
-4,095,758,000

-3,281,448,000 -3,283,597.000 -3,507,715,000 -3,530,536,000 -3,309,996,000
-3,857,392,000 -3,639,338,000 -3,884,660,000 -3,900,147,000 -3,711,858,000

Exp- Flying Operations 877,805,000 898,984,000 919,272,000 938,336,000 938,145,000 964,685,000 981,066,000 1,043,852,000
Exp- Maintenance 341,507,000 343,561,000 356,190,000 339,322,000 340,438,000 343,932,000 356,073,000 348,182,000
Exp- Passenger Senice G23 416,117,000 425711,000 444,624,000 449,969,000 414,333,000 441,169,000 440,661,000 432,910,000
Exp- Aircraft & Traffic Senicing G23 674,218,000 701,581,000 727,509,000 758,636,000 672,550,000 646,025,000 640,615,000 652495000
Exp- Promotion & Sales G23 635,822,000 662,382,000 679,232,000 661,973,000 613,731,000 603,185,000 566,533,000 581,877,000
Exp- General & Administrative  G23 176,890,000 181,955,000 187,816,000 624,968,000 173,318,000 194,086,000 226,336,000 126,187,000
Exp- General & Administrative  G1 [} [} 0 [ [} o] 0 0
Exp- Depreciation & Amortization 287,314,000 287,084,000 284,108,000 280,779,000 230,399,000 224,569,000 236,285,000 256,217,000
Exp- Transporl Related 19,803,000 18,067,000 18,116,000 21,730,000 15,380,000 19,572,000 9,837,000 71,504,000
Exp- Total Operating Expenses 3,429,476,000 3,520,325,000 3,616,867,000 4,075,713,000 3,399,285,000 3,437,233,000 3,456,406,000 3,512,224,000
Operating Profit or Loss -251,434,000 455,816,000 478,891,000 218,321,000 -240,043,000 447,427,000 443,741,000 -198,634,000
Net Income -66,606,000 -191,184,000 -212,208,000 252,132,000 -78,221,000  -215,132,000  -207.405,000 -73,061,000
FO- Pilets and Capilots G23 237,716,000 238,362,000 242,014,000 250,933,000 246,326,000 242,926,000 251,138,000 272,160,000
FO- AC Fuel G23 348,004,000 368,994,000 382,958,000 378,394,000 391,884,000 421,403,000 440,141,000 477,205,000
FO- AC Oil G23 708,000 1,066,000 1,252,000 921,000 807,000 797,000 807,000 1,307,000
DE- Pilot and Copilot S8W + Ben. G1 [ [¥] 0 0 [ ) 0 0
DE- Aircraft Fuel and Oil G1 0 0 a ] 0 0 0 0
Revenue Aircraft Dpt. Perf.- Non Sch 241 178 170 223 268 205 217 339
Enplaned Passengers - Sch+NSch Serv. 19,371,719 20,255,651 20,727,295 19,212,517 18,811,203 20,210,848 20,817,569 18,547,908
RPM's - Sch. + NonSch. Serv. (000's) 23,793,103 25,971,787 27,770,713 25,218,542 24,586,246 26,830,976 27,808,526 25,592,673
Rev. Ton Miles- Sch+NSch Serv.{000's) 2,874,181 3,134,868 3,282,150 3,085,077 2,961,538 3,186,609 3,271,619 3,087,885
AM. Ton Miles- Sch+NSch Serv.(000's) 5,723,817 5,970,352 6,213,378 5,973,154 5,789,454 5,928,297 6,043,828 5,820,201
ASM's - Sch. + NonSch. Serv. {000's) 37,359,108 38,702,515 40,333,746 38,781,347 37,508,248 38,392,650 39,135,801 37,759,381
Rev. Arcft. Miles- Sch+NSch Serv. 222,617,948 228,591,879 239,209,207 230,287,910 223,484,650 230,479,804 234,594,274 227,552,320
Departures Performed - Sch+NSch Serv. 208,987 205,269 208,274 200,861 193,432 198,427 200,751 195,836
Block Hours 577,038 582,623 599,314 584,969 572,510 586,748 598,519 584,637
Total Airborne Hours 493,838 500,470 515,674 503,767 492,575 503,967 510,005 500,018
Aircraft Days - Camier Equipment 58,478 58,941 59,852 59,775 58,866 58,894 59,666 59,382
Aircraft Days - Carrier Routes 58,478 58,841 59,852 59,775 58,866 58,894 59,666 59,382
Gallons of Fuel 665,918,163 687,307,018 711,446,570 684,798,026 663,451,972 686,923,501 706,285,188 677,369,055
Gallons of Ol 0 0 o] 0 0 ] 0 ]
S&W- Total Salaries 978,590,000 1,029,127,000 1,020,123,000 1,029,233,000 956,843,000 976,281,000 953,953,000 979,704,000
S&B- Total Salaries & Benefits 1,318,722,000 1,372,219,000 1,366,377,000 1,685,132,000 1,285,484,000 1,302,665,000 1,266,088,000 1,302,074,000
Swves- Outside Flight Eqpt. Maint. 51,868,000 45,560,000 49,832,000 56,369,000 55,288,000 55,669,000 56,003,000 59,536,000
Swes- Traffic Commissions - Passenger 303,841,000 302,872,000  320,567.000 294,604,000 283,159,000 299,874,000 300,895,000 274,972,000

Table 3 Example of data extracted from Form 41 CD

These quarterly measures are extracted for each carrier and across our time period (from

1995-2006).

3.4. Measures Computed

Using the variables extracted above and following the definitions given in Chapter two,

we established the cost and productivity measures listed in the table below.

Variable Operation
CASM
(A) CASMex. Transport [(14)-(13))/(25)
(B) CASMex. Transport & Fuel [(14)-(13)-(18)]/(25)
(C) CASM Labor (35)/(25)
(D) CASM NonLabor [(14)-(13)-(18)-(35))/(25)

(B)
(F)

AC Productivity
Block Hours / AC Day
ASM/AC Day

(28)/(31)
(25)/(31)

Variable Operation
Employee Productivity
(G) Employment (2)
(H) $ Salary & Benefits / Bmployee (35)/(2)
() ASM/Employee (25)/(2)
(J) ASM/$ Salary & Benefits (25)/(35)
(K) Passengers / Employee 21/(2)
(L) Passengers / Employee Dollar (21)/(35)

Table 4 List of cost and productivity measures used in the analysis
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Unit Cost (CASM) adjustments

In order to compare cost efficiency across our sample of airlines, we have concentrated
on measures of unit cost. Traditionally, this has also been the popular definition used when
comparing cost-efficiency across airlines. However given the fact that we are specifically
interested in comparing Legacy carriers to LCCs on an aggregate level, it was necessary to
slightly modify this definition to take into account certain fundamental differences between both
groups. The idea behind this unit cost adjustment is to eliminate factors that we know can lead to
biased results. In the case of unit costs we isolated two factors that we think distort our cost

measures:

e Transport related expenses (measure #13 in list of variables): Transport related expenses
appear on the P12 operations statement of certain carriers. These expenses are defined as
follows: “Expenses related to the generation of Transport Related Revenues — which
come from the US Government as direct grants or aids for providing air transportation
facilities and all services which grow from and are incidental to the air transportation
services performed by the carrier”*®. In other words, these expenses represent agreements
between the airlines and the US government to provide service to remote or regional
locations in exchange for government subsidies. However, usually the expenses in this
category do not directly reflect operational costs incurred from serving such markets. In
fact Legacy carriers who have signed the agreements tend to outsource the activity to
regional carriers. In this case the expenses are thus payments made to these regional
carriers therefore they should not be used as an indication of the airline’s own operational
efficiency and cost performance.

Furthermore, several accounting policies have been implemented over the last
decade which have led to large jumps in transport related expenses for certain years. For
example, Continental’s transport related expenses surged from $0.26 billion in 2003 to $2
billion in 2004 representing a 660% increase. These jumps can greatly distort CASM
measures.

Finally these transport agreements typically only concern Legacy carriers as
LCCs have usually not been active in this area. This can lead to a positive bias favoring
LCCs’ cost-efficiency measurements. Indeed, although the Legacy carriers incur these

transport related costs, the ASMs outputted from these activities are not reported as part

% Data Base Products Inc., Form 41 CD instructions manual - 2006
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of the airline’s operations because of outsourcing. This leads to higher CASMs for the

Legacies.

Fuel expenses (measure #18): Fuel expenses are usually included in unit cost
comparisons. Under this fact is the assumption that airlines are subject to the same type
of fuel price environment. Although historically this has been the case, the emergence of
financial hedging instruments has provided new ways for airlines to take control of their
fuel expenses. The most striking example is that of Southwest which had locked in the
price of its fuel purchases eliminating a great deal of its exposure to the market. With this
increased interest in fuel hedging, airlines are no longer on a level playing field when it
comes to fuel costs. We believe that these management-dependent decisions should not
be included in our cost comparison and thus removed fuel expenses from our analysis.
Indeed, guessi