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Abstract

Aircraft valuation and the estimation of an accurate aircraft price is undoubtedly a challenging task that has significant conse-
quences for airlines. This paper presents an asset valuation model to show how a series of endogenous as well as exogenous
factors can influence the value of an aircraft. Specifically, a discounted cash flow methodology is used to forecast the valuation
of an old or new generation aircraft. Both total operating revenue and aircraft operating costs are taken into account to
devise a reliable pre-tax profit measurement that is used as the basis of the discounted cash flow analysis. A sensitivity analysis
based on Monte Carlo simulation is utilized to identify which factors have a more significant influence on the suggested air-
craft value. Therefore, it addresses how value fluctuates in response to economic fluctuations. Indeed, the calculated value of
an aircraft highly depends on the underlying assumptions used. The calculated value is compared with available data in a case

study for verification.

Valuation is the process of determining the fair market
value of an asset. In the commercial aircraft industry,
valuation can be defined as the determination of the fair
transaction value of an airplane. The fair market values
for commercial aircraft generally have similar patterns
following business cycles, supply, and demand. Aircraft
manufacturers incur significant development and assem-
bly costs to offer safe and reliable airplanes. The total
cost of development and manufacture of the Boeing 787-
9 Dreamliner, along with the deferred production cost
and unamortized tooling, has been more than $32 billion
(1, 2), and the total development cost for the Airbus 350
was around $15 billion (3). The pricing of the various
commercial airplanes is an essential part of the airline
business. Airlines have to be constantly aware of aircraft
values since aircraft represent the most important assets
of their operation. Accordingly, the development of a
reliable valuation model is crucial to assist manufactur-
ers and airlines similarly in forecasting how the value of
an aircraft can change when the factors that affect an
aircraft fluctuate.

Examining an aircraft’s physical and operating char-
acteristics is crucial in aircraft valuation. In particular,
components such as aircraft size (narrow-body versus
wide-body), fuel efficiency, number of seats, age, and
physical condition, as well as operating expenses that
cover crew costs, maintenance, and depreciation, along
with administrative and transport-related expenses, are
all intrinsic factors that play a significant role in

assessing an aircraft’s value. On the revenue side, pro-
ceeds generated from passengers, cargo, and ancillary
activities should be included in the analysis since they
represent how an aircraft type contributes financially. It
will be shown in this paper that revenue, and especially
passenger yield, is one of the most critical factors affect-
ing aircraft value.

Furthermore, external factors can also alter the air-
craft’s value. The advent of new technologies such as car-
bon fiber airframes or winglets (sharklets) to improve
aerodynamics increases the value of modern airliners.
More significantly, the success of manufacturers of air-
craft and engines in improving fuel efficiency has made
the older generation of airplanes less desirable. In some
cases, such as the Boeing 747, low fuel efficiency is the
reason for early retirement of the aircraft. Similarly, gov-
ernmental regulations, for instance, environmental poli-
cies that address the mandates for reducing carbon
emissions, affect the market value of airplanes (4, 5).

It should not be neglected that macro-economic trends
and business cycles, as well as isolated events, can have
the most significant impact on aircraft values. A massive

'David B. O'Maley College of Business, Embry-Riddle Aeronautical
University, Daytona Beach, FL
2College of Business, Clayton State University, Morrow, GA

Corresponding Author:
Farshid Azadian, azadianf@erau.edu


us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/0361198120958419
https://journals.sagepub.com/home/trr
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0361198120958419&domain=pdf&date_stamp=2020-11-12

Vasigh et al

333

(a)

Narrow Body Asset Values
15%

10%
5%
0%

-5%

-10% -
-15%
-20%

-25%

M NN A MmN
D DO OO QO 9O o
A O 0 60 0O O O O O O O
= = = = = NN AN N NN

Narrow body = MD83, B737-300, A320-200, B737-700

®) Wide Body Asset Values
10% -
5% -
0%
-5%

-10%

-15%

-20%

L S o T =) T o0 T 0 O S <) B |
DD QO QO o
a0 0 60 O O O O O O
U B TR R SRR o B o ERE o JOE > ERE o PR o )

Wide body = B767-200/300, B747-400, B777-200,
A330-200, A340-300

Figure |. Year-on-year percentage change in market value, 1991 —201 I: (a) narrow-body aircraft, (b) wide-body aircraft (7).

shock for the airline industry was the terrorist attack of
September 11, 2001 (6). The attacks created a ripple
effect in the industry, followed by several bankruptcies
and furloughs, which shrank the U.S. commercial air-
craft fleet by around 700 units between 2001 and 2009.
Airlines had to store and scrap their fleets or look for
conversion options. Similarly, the financial crisis of
2008—2009 led to the most significant drop in year over
year market values of both narrow-body and wide-body
assets (7). Figure 1 presents the year-to-year percentage
change in the market value of wide- and narrow-body
aircraft. The effects of the 9/11 attacks and the financial
crisis are visible. More recently, safety concerns arising
from incidents involving the Boeing 737-MAX led to a
notable reduction of the market value of the aircraft (8).

The diversity of factors affecting the values of aircraft
and their fluctuation complicates the aircraft valuation
modeling. In practice, there is no consensus on one
unique approach for aircraft valuation; various models
are proposed for this task. However, each approach has
its own strengths and weaknesses and may result in a dif-
ferent assessment. Some of the existing methodologies
are briefly reviewed in the literature review, which is the
next section.

This paper proposes a modified discounted cash flow
(DCF) analysis based on financial theory to determine
aircraft value. This methodology can assist both manu-
facturers and airlines in their decision-making processes.
Manufacturers can price their products correctly, while
airlines can make more sound fleet replacement and

retirement decisions. After presenting the methodology,
its performance is demonstrated by assessing the value of
multiple aircraft from Boeing and Airbus using the pro-
posed method and the results are compared against the
list price.

Literature Review

Despite its significance, the subject of valuing commercial
aircraft has not been extensively researched by academia
in the recent past. As mentioned in the introduction, a
modified DCF model is proposed in this paper. This
approach is based on the financial theory that the value
of an investment can be estimated from the future cash
flows that the investment is expected to generate (9).
However, several other research papers and articles have
attempted to approach aircraft valuation under different
methodologies. The most relevant literature is briefly
reviewed in this section.

One of the valuation methods that has been studied
extensively in the literature is real options analysis.
Under this approach, it is assumed that companies react
to changes and take actions to steer a project toward
profitability. Thus, the actual value of a project can be
estimated by accounting for the managerial inputs and
reactions to potential future scenarios. Stonier (/0) dis-
cussed option values for commercial aircraft and utilized
the binomial-tree pricing model to obtain a set of poten-
tial net present values (NPVs) under Monte Carlo simu-
lations. Gibson and Morrell (/7) proposed the adoption
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of a weighted average cost of capital (WACC) and NPV
technique. The model is adjusted to offer the potential
for flexibility beyond its classic interpretation. The pro-
posed adjusted present value (APV) concept provides
insight into lease versus purchase decisions as well as an
equity NPV that demonstrates the overall returns from
an aircraft from the shareholder perspective. They argued
that the APV approach is advantageous since it measures
the cost of flexibility. Sala et al. (/2) applied real options
analysis in studying the impact of environmental regula-
tion like carbon emissions on the value of an aircraft.

Justin et al. (/3) utilized a network approach to the
valuation of aircraft for fleet planning and strategic deci-
sion making. In particular, they extended the DCF model
by using real options analysis, which dictates that the
concept of the time value of money should be recognized.
However, managers should react if uncertainty is unfold-
ing and actively steer projects into profitability. Justin
et al. (/3) and also Justin (/4) proposed game theory to
complement the real options analysis approach. They
developed an aircraft and engine value calculator that
quickly evaluates the intrinsic value of an aircraft—or
fleet of aircraft—by including both revenues and costs.
The outcome is the value of an aircraft over a whole net-
work of routes, taking into consideration future wear-
and-tear and the increased maintenance and operating
costs. More recently, Justin and Mavris (/5) presented a
customer-centric methodology to value the combined air-
craft and engine by detailed consideration of cost and
revenue elements. They also suggested an approach
inspired by real options analysis for valuing maintenance
contracts.

Hu and Zhang (/6) utilized real options analysis with
two options: the shutdown-restart option and the aircraft
delivery deferral option. They claimed that results
obtained by this approach are closer to actual values
than the static NPV method. Hu et al. (/7) further uti-
lized real options analysis to justify the underlying rea-
sons behind the different approaches to using regional
jets in three different countries (U.S., Brazil, and China)
and demonstrated how regional options affect the value
of an aircraft. More recently, Chen (/8) proposed a theo-
retical value evaluation model for commercial aircraft
from the perspective of Chinese airlines using real
options analysis.

On the other hand, Ackert (19) took a rather qualita-
tive and empirical view on how aircraft values can fluctu-
ate. Specifically, he identified several aircraft value
retention factors that are either market or performance
driven. For example, Ackert argued that the orders for a
particular aircraft type, surpluses, or shortages in its seg-
ment, and the general financing environment could all
affect an airplane’s residual value. Similarly, aircraft
specifications, aircraft economics, and overall aircraft

family characteristics also play a crucial role in apprais-
ing an aircraft. This study was an expansion of the ear-
lier work in which Ackert (20) examined the relationship
between an aircraft’s value and its maintenance status.
Ackert (20) developed future base value forecast cycles
to predict the value that the asset should achieve with
reference to the normal depreciation of the underlying
asset.

Bruno et al. (21) introduced a hybrid novel model for
aircraft evaluation rather than valuation, based on the
investigation of airlines’ needs. In an effort to overcome
the weaknesses of the previous NPV/APV, Monte Carlo
simulation, and real option analysis models, they pro-
posed a model that combines two main approaches to
address evaluation problems: the analytic hierarchy pro-
cess and the fuzzy set theory. The model includes four
criteria (economic performance, technical performance,
aircraft interior quality, and environmental impact) and
eight sub-criteria (aircraft price, operative cost, cruise
speed, autonomy, seat comfort, cabin luggage compart-
ment size, noise, and environmental pollution). This
hybrid approach may be used as an evaluation system
and as a strategic tool. Bruno et al. (2/) argued that air-
lines and manufacturers could use the model, both ex-
ante and ex-post, to identify their requirements.

The diversity of the methods proposed for aircraft
valuation is because of the complexity of the process.
Some approaches, such as Ackert (/9) and Bruno
et al.(27), may rely on data that are not publicly avail-
able to the interested parties. On the other hand, the real
options analysis method seems to be mostly utilized in
academic studies. Gibson and Morell (22) presented the
results of their survey of the airline industry in relation
to valuation methods used and preferred in practice.
Their study reveals that airlines indicated a strong prefer-
ence for NPV and a weaker preference for accounting-
based ARR. Concerning the advanced techniques, the
airlines’ responses showed a very weak preference for
both real options analysis and APV, even less than the
general business community. The common criticisms
levied against real options analysis is that it is difficult to
explain, theoretical rather than practical, and obtaining
the required data is challenging. Similar observations
have been reported by other surveys (22—25).

The objective of this study is to offer a method that
can utilize public information and provide a quick
assessment of the value of one given aircraft at a time.
Sophisticated analytical methods, when applied cor-
rectly, may offer a more accurate valuation of assets.
However, surveys of the practitioners in the aviation
industry consistently show that sophisticated methods
tend to be avoided in favor of simpler methods. In this
study, an approach is present based on a modified dis-
count cash flow model, which distinguishes this study
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from some of the existing literature that employed com-
plex analysis to achieve a similar goal. Using four popu-
lar aircraft models as case studies, it is demonstrated that
a relatively straightforward approach can be employed
to estimate the value of aircraft using only publicly avail-
able data. In addition, to identify the key factors affect-
ing the value of an aircraft, a Monte Carlo based
simulation was conducted for sensitivity analysis.

Asset Valuation Model

The general concept of estimating the value of an invest-
ment from the future cash flows that the investment will
generate serves as the theory for this paper’s analysis. A
DCF model is utilized to provide a present value calcula-
tion of expected future cash flows. Projecting future cash
flows is an intricate process and necessitates a series of
hypotheses.

First, the cash inflows are taken into account. Total
revenue is calculated by adding the revenue generated
from passengers and cargo. As presented in Equation 1,
passenger revenue is derived from multiplying passenger
yield with revenue passenger miles (RPM). Similarly,
cargo revenue is calculated by multiplying cargo yield
with revenue ton miles (RTM). Several assumptions are
made to match each aircraft type with the more appro-
priate yield. For Airbus 320-200ceo, JetBlue’s passenger
yield is selected since the carrier is the largest operator of
the type in the U.S.A. For Boeing 737-800, the yield from
the whole fleet type is considered more suitable since the
type is prevalent among U.S. airliners. In the case of
Airbus 330-200 and Boeing 787-9, passenger yield as pre-
sented by the MIT airline data project was used (26).
This choice is because the active fleet sizes of these mod-
els are still limited, and their respective fleet yields might
not be representative of the actual aircraft value. Cargo
yield is determined by dividing the total operating reve-
nue by RTM. It is observed that the narrow-bodies have
a lower cargo yield than wide-bodies because they have
less available cargo space while they may incur extra
costs since cargo often has to be loaded manually. A pos-
sible variable that can be considered for further research
is ancillary revenue yield since ancillary products have
risen dramatically over the recent past. This would allow
appraisers to understand what portion of the passenger
yield reflects ancillary revenue. The cash inflows can be
generated as follows.

TR = RPM X 1p,x + RTM X TCargo (1)

where
TR = total revenue ($)
RPM = revenue passenger mile
RTM = revenue ton mile
Tpax = passenger yield, revenue per RPM

Tcargo = cargo yield, revenue per RTM

Next, it is necessary to consider the corresponding
cash outflows. Total costs include several components
from operating to administrative expenses. Operating
expenses include flight crew expenses, fuel cost, mainte-
nance, depreciation, and amortization costs. Administrative
expenses carry marketing, sales, and general administration
costs. There are also indirect costs, such as transport-related
expenses. These costs are allocated on an available seat mile
(ASM) basis. This means costs are distributed throughout
the airline product, namely their flights throughout the sys-
tem. Without neglecting the cost of capital, total costs can
be defined as:

TC=ASM X[ X0 + X+ pn+Ul+vy (2

where

TC = total costs

ASM = available seat mile

6 = fuel cost per gallon

o = gallons of fuel consumed per ASM

N\ = flight crew costs per ASM

W\ = maintenance costs per ASM

{ = capital cost per ASM

v = administration costs

Finally, the subtraction of cash inflows from cash out-
flows generates the net cash flow, which presents the
profit a carrier can generate from operating a single air-
craft every year. This value will naturally diminish as the
aircraft ages. Discounting future net cash flows is the key
to determining the current value of the aircraft. Adding
all discounted cash flows represents the value of the asset.
The DCF model, therefore, can be summarized using the
following equation.

. "\ TR, — TC,
Aircraft Value = P 3
20w ©
where
k = cost of capital (required rate of return)
t = year

n = expected aircraft lifespan
The calculation of the cost of capital, k, is discussed in
the next section.

Cost of Capital

A suitable discount rate has to be established to discount
future net cash flows. Implementing a proper discount
rate is crucial in obtaining an accurate result. The dis-
count rate needs to represent both the time value of
money and the risk over time. Often, in practice, firms
develop a discount rate that is used across various proj-
ects for decision making. However, the variation in risk
and volatility of different factors such as cost and
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revenue may support using multiple discount rates.
Applying dual or multiple discount rates is more sophis-
ticated and offers advantages over a single discount rate.
However, the success of the method relies on the correct
selection of the discount rates, as misusing the rates may
diminish any advantages that multiple rates may offer.
The discount rate is a subjective concept that is often
challenging to assess. Indeed, it is even more challenging
to estimate multiple rates correctly. Moreover, the choice
of using different discount rates may introduce manage-
rial biases as the selection of the discount rates may be
affected by the optimism or pessimism of the managers
about individual projects (27). In this study, the objective
is to provide a relatively straightforward and practical
approach to aircraft valuation. Various surveys have
demonstrated that practitioners, especially in airlines,
prefer less sophisticated approaches that are easy to
apply and easy to explain (22—295).

In this paper, WACC is used to align the model to cur-
rent market rates and risk that the airline industry is fac-
ing. This approach is the method most widely used in the
industry (24). From a financial standpoint, the WACC is
defined as follows:

WACC = wgkq(1-T) + weke (4)

where

wg = proportion (weight) of debt

we = proportion (weight) of equity

kg = cost of debt

ke = cost of equity

T = corporate tax rate

Based on IATA’s end of year report (28) on the eco-
nomic performance of the airline industry, the WACC
for 2016 that is employed in this research is approxi-
mately 6.5%. Table 1 presents the key financial indica-
tors for the airline industry. Figure 2 shows both the
actual WACC as well as forward-looking forecasts for
2018, whereas the graph depicts the trend of the WACC
in relation to the return on invested capital (ROIC) for
airlines (28). As can be observed in Figure 2, after 2014,
the ROIC finally became higher than the WACC.

Data Collection and Aircraft Selection

The primary source of aircraft data used for this paper is
Form 41 financial data, which is publicly accessible from
the Bureau of Transportation Statistics. This research
has solely focused on the major U.S. legacy and low-cost
carriers. The data were examined on a yearly basis obser-
ving a 10-year period from 2006 to 2016. The aircraft
data were collected at the fleet level, and further compu-
tations were necessary to extrapolate the accurate num-
bers for an individual airplane. As a rule, the total

Table I. Key Financial Indicators for The Airline Industry

Worldwide airline industry 2016 2017 2018
ROIC, % invested capital 10.30 9.60 9.40
ROIC—WACC, % invested 3.70 2.40 2.0
capital
Investor value, $ billion 19.2 13.2 1.5
EBIT margin, % revenue 9.20 8.30 8.10
Net post-tax profit, $ billion 35.3 34.50 384
% revenues 5.00 4.60 470
$ per passenger 9.26 8.45 89
Free cash flow, % invested .10 1.00 1.20
capital
Adjusted net debt/EBITDAR 3.70 3.51 3.47

Note: ROIC = return on invested capital; WACC = weighted average cost
of capital; EBIT = earnings before interest and taxes, depreciation and
amortization; EBITDAR = earnings before interest, taxes, depreciation and
amortization.
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Figure 2. Weighted average cost of capital (WACC) and return
on invested capital (ROIC).

assigned days for the fleet type were found from Form
41 to calculate the average number of aircraft in service.
Then, all revenue and cost elements were divided by the
aircraft in service to transition from the fleet to single
aircraft data. The revenue and cost elements were disag-
gregated to provide a thorough sensitivity analysis to
evaluate the overall responses of the calculated aircraft
value to these elements. On the revenue side, the relevant
passenger and cargo yields along with the RPM and
RTM were collected. On the cost side, fuel and labor, as
well as maintenance and administrative and transport-
related expenses, were examined to cover the operating
expenses. Total block hours, as well as gallons of fuel
consumed, were also taken into account to assist in the
calculations for aircraft utilization and fuel costs. A
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Table 2. Model Factors and Their Respective Calculations

Factor Calculation

Total block hours
Gallons consumed

Average daily utilization X 365.25

Gallons per block hour X total block
hours

Revenue passenger miles X overall
passenger yield

Revenue ton miles X overall cargo yield

Gallons consumed X fuel cost ($/gallon)

Allocated based on available seat miles

Passenger revenue

Cargo revenue

Aircraft fuel

Servicing, sales, and
general expense

detailed overview of the different elements and the
respective calculations can be seen in Table 2.

Two aircraft types from the two leading aircraft man-
ufacturers, Airbus and Boeing, were selected to develop
the valuation model. The Airbus 320 and the Boeing 737
are the most popular airliners. Four industry favorite
narrow-body and wide-body jets were selected to high-
light the differences in value for single-aisle and twin-
aisle aircraft. On the one hand, data for the Airbus 320-
200ceo and 330-200 were obtained since these two types
represent the top sellers for Airbus on the short-haul and
long-haul market segments, respectively. On the other
hand, data for the Boeing 737-800 and 787-9 were
selected, considering that these aircraft are two of the
most popular Boeing commercial airplanes. The aircraft
selection also accounts for the comparative aspect of the
models since the Airbus 320-200ceo competes closely
against the Boeing 737-800.

Airbus delivered its first Airbus 320 to Air France in
1988. As of January 2019, a total of 8,605 Airbus 320 air-
craft have been delivered to the customers. The Airbus
320neo (new engine option) was introduced by Airbus in
2012. The Airbus 320neo replaces the original Airbus
320, which is referred to as Airbus 320ceo (current engine
option) (29). In the U.S.A., the Airbus 320-200ceo is in
service with JetBlue (130), United (103), Delta (65),
Spirit (64), and Allegiant Air (64) being the main Airbus
320 operators (30). The Airbus 330-200 launched in 1998
and is one of the two top sellers of the Airbus 330 var-
iants (along with Airbus 330-300). There are 607 units of
Airbus 330-200s currently in service (30). The three top
U.S. airlines operating the type are Hawaiian (24),
American (15), and Delta (11). As of April 2020, the
number of aircraft manufactured by Airbus was reported
as 12,762 aircraft.

The Boeing 737 has a long history starting with
Boeing 737-100, which was first introduced in 1965.
Boeing launched the Boeing 737 Next Generation (600/-
700/-800/-900) series in 1993. There are about 4,914 737-
800s in service globally. In the U.S.A., American (304),
Southwest (207), and United (141) are the top three

operators of the Boeing 737-800 (37). Last but not least,
the 787-9 is one of the newest Boeing models, introduced
in 2014. As of May 2020, 300 airplanes are in service and
in the U.S.A., only United (30) and American (20) oper-
ate the type (31).

Model Applications and Sensitivity Analysis

Aircraft values are calculated based on the proposed
approach. Using 2016 as the benchmark year, the net
future cash flows for the next 30 years are forecast. This
mainly aids in providing a long-term valuation trend that
can assist manufacturers and airlines in assessing an
accurate retirement age for their aircraft. Table 3 shows
how the various examined revenue and cost elements are
expected to change in the future. The table presents the
year-to-year change in percentages and the forecast value
for 2045 based on the corresponding values of the factors
in 2016. These elements are also used as inputs to observe
how different forecast growth rates can affect aircraft
value.

Table 4 illustrates the calculated aircraft values based
on the methodology presented for the four selected air-
craft types. As discussed earlier, the ideal benchmark for
verification of the proposed method is to compare the
calculated values against transactional prices as the clo-
sest estimator of the fair market value of an aircraft. In
the aviation industry, however, transactional prices are
proprietary and highly confidential. Therefore, other
accessible benchmarks were sought for comparison. The
list price of Airbus and Boeing and the estimated value
of a new aircraft provided by The Airline Monitor (AM)
were utilized. A M (32) states that the presented estimates
are the average of three sources. While the details of
AM’s approach are propriety, to the best of the authors’
knowledge, these estimates combine expert opinion and
actual transactional data. These values can provide
insights for aviation financial analysts and aid them in
their decision making, such as whether it is beneficial to
purchase an aircraft or to evaluate which inputs are most
influential if an aircraft needs to be refurbished or
retired.

As can be observed in Table 4, all the aircraft types
have lower calculated values than the published list
prices. The Airbus 320-200ceo’s calculated value is 11%
lower than the list price of $101 million. The Airbus 330-
200 and Boeing 737-800 show about 20% difference,
while Boeing 787-9 displays the lowest difference between
list price and calculated value. This variation can be
explained by manufacturers generally pricing their prod-
ucts higher than the actual value of the aircraft to realize
profits. Indeed, every deal between a manufacturer and a
carrier depends on several factors, such as the number of
aircraft ordered, the existing seller-buyer relationship,
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Table 3. Forecasting Factors for Narrow-Body and Wide-Body Aircraft, 2016 as the Base Year

Boeing 787-9

Boeing 737-800 Airbus 330-200

Airbus 320-200ceo

2045 2016 2045 2016 2045 2016 2045

2016

% annual change

Factor

13.74
1,672.15

13.34
1,696.58

12.67
1,714.01

12.31
1,739.05

10.77
786.57

10.46
798.06

11.29
787.19

10.96
798.69

0.10
—0.05

Daily utilization (hours)

Gallons per block hour

2.54
533.67

1.43
525.99

2.48
469.05

1.39
462.30

2.63
211.01

1.48
207.97

2.48
207.74

1.39
204.75

2.0
0.05
1.5
0.0l
1.5
3.75
7.0

Fuel cost ($ per gallon)

Revenue passenger miles (millions)

Passenger yield (¢)

18.08
74.98

13.55
74.76

18.08
56.40
103.40

13.55
56.24
77.48
na
6,347,201

22.76

21.17

33.11
8,310,711

14.78
2111

23.28
20.63

15.12
20.57

Revenue ton miles (millions)

Cargo yield (¢)

80.64
na
23,301,590

60.42

na
3,275,337

21.50
2,857,480

32.34

8,256,172

21.00
2,838,727

na
45,155,623

Direct maintenance per aircraft ($)

na

na

na

na

Note: na = not applicable. All other cost factors have annual percentage change of 2.0 percent.

and market conditions, among others. A common under-
standing is that, in practice, the actual purchase price
after a negotiation is (much) lower than the list price.

Comparing the results with the 4M estimated values
provides additional support for the validity of the pro-
posed approach. The calculated values seem to be much
closer to the AM estimates, compared with the list prices.
Moreover, it is observed that, in contrast to list prices,
when AM’s values are used as the benchmark, the calcu-
lated value overestimates the aircraft value for Airbus 32-
200. As before, the Boeing 787-9 has the lowest variation.

Another perspective that may provide support for the
validity of the proposed methodology is to consider the
trend of similarity and dissimilarity between the values
for different aircraft models rather than the actual prices.
It can be observed that the data sources used in this
study imply a similarity between the value of the A320-
200 and B737-800. For instance, the percentage differ-
ence between the estimates provided by the AM for these
two models is about 9% (that is, the absolute difference
between the values divided by their arithmetic mean).
The percentage difference between the calculated values
for these two models using the proposed methodology is
about 13%. As for the wide-body models, the percentage
difference calculated from the AM estimates is 31%,
compared with 35% based on the calculated values. In
other words, the calculated values present the same trend
of differences between the aircraft values for different
manufacturers as suggested by the benchmarking source.

Indeed, the inputs for the proposed methodology were
subjected to several assumptions. Another significant
advantage of the model pertains to the possibility of sen-
sitivity analysis of the inputs. A Monte Carlo simulation
was run to analyze which inputs are more influential for
each aircraft type. The discount rate, passenger yield,
fuel costs, maintenance costs, and block hours were ana-
lyzed under different scenarios.

From an economic point of view, if costs are expected
to grow, then the value of the aircraft naturally decreases.
In contrast, if passenger yield is expected to grow, then
the value of the aircraft will increase. The calculated val-
ues of the assets were used as the outputs in a simulation
to measure the extent of deviations when inputs are
decreasing or increasing. Past data were used to estimate
the range of fluctuation in various factors. Indeed, users
may employ other values that serve their specific purpose
for sensitivity analysis. Some of these factors may fluctu-
ate differently for various companies, and by selecting
the appropriate ranges, decision-makers could run what-
if scenarios suitable for their situation.

The simulation in this study experimented with the
following variation range for each of the factors: dis-
count rate (4.5% —8.5%); fuel cost (1.0% —5.0%); main-
tenance expenses (1.0%—8.0% for narrow-body and
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Table 4. Calculated Aircraft Values Compared with Airbus and Boeing 2018 List Prices and 2018 Data from The Airline Monitor (AM)
Aircraft type A320-200ceo A330-200 B737-800 B787-9
Calculated value ($ million) 89.9 191.5 79.0 271.9
Published list price 101.0 238.5 102.2 281.6
% difference between calculated and list price 11.0 20.2 22.7 34
Estimated value (AM) 85.9 204.2 93.8 280.0
% difference between calculated and the AM value 4.6 6.2 15.8% 29
( a) A320-200ceo Aircraft value sensitivity (b) A330-200 Aircraft value sensitivity
Inputs ranked by effect on aircraft value Inputs ranked by effect on aircraft value
Paxyield 6103 W 1865 Paxyield 12219 W 2786
Maintenance 63.55 q\\\\\\\\\\\\% 102.41 B it % Maintenance ~ 114.74 w 204.46
! : 7 W Input %
Fosl cos os NN 7 T et o RN e e
! W Input % H . o
Discount rate 76.86 N\W 97.92 decrease Block hours 15989 [N 173,74 Qﬁ';i‘,‘;as/;

Block hours

|
N
83.00 K\ 88.54
i

55 65 75 85 95 105 115
Aircraft Value ($ millions)

( C) 737-800 Aircraft value sensitivity
Inputs ranked by effect on aircraft value

Pax yield 50.39 W 107.06
Maintenance 52.02 w 9L13 . n
Fudlcos o [N\ s s

Winput %

Discount rate decrease
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71.80 $ 71.08
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Block hours
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W Input %
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Figure 3. Sensitivity analysis for (a) Airbus 320-200ceo, (b) Airbus 320-200, (c) Boeing 737-800 and (d) Boeing 787-9.

6.0%—10.0% for wide-body); passenger yield
(1.0%—2.5% for narrow-body and 0.5%—2.0% for
wide-body); block hours (0% —0.75%). The charts pre-
sented in Figure 3 show how inputs are ranked by their
effect on aircraft value.

It is observed that passenger yield is the driving factor
in all aircraft types. The revenue generated from opera-
tions will eventually decide whether the aircraft is profit-
able or not. Maintenance and fuel costs are also two
factors that can have a significant impact on aircraft

profitability. The discount rate and block hours, on the
other hand, seem to be less significant, ranking fourth
and fifth, respectively. The only exception in the ranking
order is the Airbus 330-200, where the discount rate
ranks last. This can largely be explained by the valuation
trend of the Airbus 330-200, where it is shown that the
recommended age of the airplane is in its twelfth year of
operation. Thus, the discount rate becomes less impor-
tant compared with the other aircraft types that have
longer useful lives.
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Conclusion

This research provided a modified DCF approach for
estimating aircraft values over an extended period in the
future. A series of revenue and cost drivers were included
in the research to forecast net cash flows. In turn, net
cash flows were discounted by the WACC to provide an
estimate of the net present value of a given aircraft.

To assess the validity of the method, the actual list
prices of the chosen Airbus and Boeing aircraft types
were used to compare against the value measures pro-
vided by the model. In addition, the estimated values
and their relative trends were compared with estimates
provided by AM. A sensitivity analysis was conducted to
observe how inputs ranked by their effect on aircraft
value. Calculated aircraft values were weighed against
different discount rates, passenger yields, fuel, and main-
tenance costs along with block hours. Passenger yield
stood out as having the greatest influence on aircraft
value with maintenance and fuel costs ranking second or
third in order of importance.

This paper presents an extensive examination of air-
craft valuation. The proposed DCF methodology can
assist practitioners in determining the profitability poten-
tial of an aircraft type. Moreover, it is beneficial in comple-
menting the purchase or lease decisions of airlines as well
as providing them with the appropriate retirement age.
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