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Abstract

The two Boeing 737 MAX 8 aircraft crashes, the Lion Air Flight 610 and Ethiopian
Airlines Flight 302, attracted great attention to the aircraft manufacturing industry in recent days.
Since the design problem of the aircraft has played an important role in the accidents, many
countries grounded Boeing 737 MAX 8 aircraft after the crash. With losing reputation, there
would be a further loss for Boeing. Based on these situations, the contribution of this thesis is to
estimate the effect of aviation accidents on aircraft manufacturers in stock and product markets.

According to the analysis of the 737 MAX 8 crashes, if people are aware of the statement
that aircraft problem is responsible for the crash, the accident will bring significant and
continuous loss to the manufacturer’s stock return. Using the event study method, the Ethiopian
crash reveals a significant negative 7.7 percent unexpected return of Boeing on the first trading
day after the crash and a more than 15 percent significant cumulative loss in the three days after
the crash. Using the time series method in the analysis of product market, the accidents with
Boeing aircraft happened nine and ten months ago have a significant negative effect on Boeing
orders. The possible reason for the long lag effect is that it takes time to investigate and generate
the accident reports. The thesis finds a substitution effect between Airbus and Boeing aircraft
when accidents are non-fatal. But travelers are likely to worry about taking flights which further
reduces the demand for new aircraft when there are fatal accidents with either Boeing or Airbus

aircraft.

Key words: Aviation Accidents, Aircraft Manufacturers, Boeing and Airbus, Boeing 737

MAX 8, Stock and Product Markets
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1. Introduction

As an efficient way of traffic, taking flights becomes people’s first choice of long-
distance moving. For air travelers, safety is an important aspect of the product quality of aircraft
and airline services. With the maturity of the airplane industry, the aviation accident rate is
getting lower. However, the two Boeing 737 MAX 8 aircraft crashes, the Lion Air Flight 610
and Ethiopian Airlines Flight 302 brought great attention to the aircraft industry in recent days.
The Lion Air Flight 610 crashed just minutes after taking off from Jakarta, Indonesia and caused
189 people died on October 29th, 2018, while the Ethiopian Airlines Flight 302 also crashed
minutes after takeoff, killing all 157 people on board on March 10, 2019. According to the
accident investigation reports, the design problem of the aircraft has played an important role in
the groundings. As David Gelles and Thomas Kaplan (2019) mentioned in their article in the
New York Times, Boeing was eager to quickly finish the 737 MAX 8 for competition reasons.
With losing reputation, there would be a further loss for Boeing.

Motivated by this circumstance, this thesis tries to estimate the impact of aviation
accidents on aircraft manufacturers industry. Because the stock price takes the fastest response to
a sudden event, the thesis wants to first check if there is an aircraft manufacturer’s loss in the
stock market according to the 737 MAX 8 crashes. Since market adjustment to new safety
information takes place in the product market as well. The analysis will then move to the whole
aircraft manufacturing industry to estimate if aviation accidents hurt product orders. In a
nutshell, the impact analysis will be divided into the effect on the stock market and the effect on
product market separately. In the later part of the introduction, the information about aviation

accidents and aircraft manufacturers would be provided as the background of this thesis. The rest



of the thesis is organized as the literature review, the methodology, empirical analysis and

conclusion.

1.1 Aircraft Manufacturer Market

Back to the 1900s, there were lots of aircraft manufacturer companies. But most of them
have been merged or defunct in later days. For instance, the McDonnell Douglas was a major
American aerospace manufacturing corporation and defense contractor which was merged by
Boeing on August 1%, 1997. The Lockheed Corporation was an aerospace company founded in
1926 but merged with Martin Marietta to form Lockheed Martin in 1995 and be more
concentrated on the defense industry after. Boeing Company (Boeing) and Airbus SE (Airbus)
are the two main commercial aircraft manufacturers left that form an efficient duopoly market of
the commercial airframe manufacturing.

A duopoly market, as in the theory, is where two companies own all or nearly all of the
market for a given product or services. As Besanko, et al. (2012) confined the airframe
manufacturing market, some business jets manufacturers like Citations and Gulfstreams cannot
affect the prices of big jet airplanes. Three other companies, Montreal-based Bombardier and
Brazil-based Embraer, and European joint venture ATR can only be considered as fringe players
that have a total 20-30 percent of market share in small-capacity (50 seats) and medium-capacity
(50 to 100 seats) turboprop and jet aircraft for commercial use. But when restrict to planes with
more than 125 seats, Boeing and Airbus take the entire market. Thus, this thesis will pay
attention to the globally competitive battle between Boeing and Airbus.

Boeing is the world’s largest aerospace company manufacturing in commercial aircraft,
defense, space and security systems. It was founded by William Boeing in 1917 and delivered its

first commercial aircraft in 1958. As one of the biggest manufacturers in the U.S., the company



supports airlines, the U.S. and allied government customers in more than 150 countries. As
reported in Boeing 10-K form from U.S. Securities and Exchange Commission from 2003 to
2020, there is a stable increasing trend in Boeing net earnings from 1998 to 2018 but with an
incredible drop to - 636 million dollars in 2019. On revenue parts, Boeing stopped reporting the
revenue from commercial airplanes after 2017. But the upward trends of revenue and
commercial airplanes’ revenue are very obvious and similar as presented in figure 1.1. The first
obvious decrease in revenue happened after 2001 which is the year of the September 11 attacks.
The slight fall occurred after the 2008 financial crisis was quickly recovered. The revenue in

2019 is $76,559 million which is 24.3 percent less than the 2018 revenue.
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Figure 1.1 Boeing Revenue Information from 1998 to 2019

In contrast, Airbus is a European multinational aerospace corporation established in 1967
that works in commercial aircraft, defense and space and helicopters. The first Airbus
commercial aircraft was delivered in 1974. As highly supported by the European governments,

Airbus successfully gain market share from Boeing at the beginning. According to the news from



Asia News Monitor reported on January 3™, 2020, Airbus becomes the largest aircraft
manufacturer in 2019.

In the commercial aircraft industry, there are little product differences between the two
companies’ aircraft. For instance, comparing seating compacity, performance, fuel economy, and
flying range, Boeing 737 and Airbus A320 are basically the same. Due to the almost identical
products, the airline companies should be indifference to purchase aircraft from the two
companies. Since the demand for new airplanes is limited, the competition between the two
companies is fierce that there should be a substitution effect between the two manufacturers for
airline companies. If something bad happened with Boeing aircraft, a carrier will be expected to
switch from Boeing to Airbus, adversely the same. But as point out by Besanko, et al. (2012),
allowing the carriers to realize economical and efficient maintenance, two companies develop
their loyalties to compete with each other. Such as British Airways and Air France fly with
Airbus, while Southwest and Ryan Air prefer Boeing 737s. Although most airline companies
have a combination of airplanes from Boeing and Airbus aircraft, the substitution effect may not

be as obvious as expected.

1.2 Aviation Accidents Situation

Although aviation accidents are rare, once there are, they are often tragic. People also
tend to pay more attention to small probability events. That’s why the crash, disappearance and
other kinds of accidents of the commercial airlines attract wide attention. The fatal accidents and
non-fatal accidents number, fatal and total accidents per million departures, passenger fatalities
per million passengers or per million passenger miles and many other variables can be used as

measures of aviation safety. The index of airliner accidents per 1 million flights is presented in



figure 1.2 to have a broad view of the aviation accidents situation across years. It drops from
approximate 4.2 in 1977 to approximate 0.3 in 2017 based on worldwide commercial fatal
accidents involving civil accidents with a minimum capacity of 14 passengers recorded in

Aviation Safety Network (ASN) database.

Airliner Accidents Per 1 Million Flights 19772017

Figure 1.2 Airliner Accidents Per 1 Million Flights from 1977 to 2017

As stated in the previous section, this thesis focuses on the competition relationship
between Boeing and Airbus. Having a closer look at the absolute amount of the total accidents
and fatal accidents from Boeing and Airbus aircraft listed in ASN database, the total accident
number with Boeing and Airbus aircraft moves forward in cycles and the fatal accident number
with Boeing and Airbus aircraft seems to decrease during 1978 to 2019 as shown in Figure 1.3.
The number of accidents number with Boeing and Airbus moves from 20 to 50 cases and the
average is about 35 accidents each year. The number of fatal accidents number with Boeing and
Airbus aircraft remains below than 10 in the 215 century, while there are on average more than 7

fatal accidents happen each year during the period of 1978 to 2019. However, similar amounts of



total accidents do not indicate identical risk to take flights as in the 1900s and 2000s because of
the increasing number of departing flights nowadays.
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Figure 1.3 Accidents Number with Boeing and Airbus Aircraft from 1978 to 2019

Splitting the number into accidents with Boeing aircraft and Airbus aircraft separately,
the number of accidents with Boeing aircraft are shown in Figure 1.4 and the number of
accidents with Airbus aircraft are stated in Figure 1.5. Both the fatal accidents and all accidents
with Boeing aircraft decrease over the 1978-2019 period, the accidents with Airbus aircraft are
higher compared to the number before 1980 but the fatal accidents with Airbus aircraft keep
below or equal to five. The increasing trend for Airbus accidents is according to the rising
market power of Airbus. If the accident rate is a constant number, the more amount of aircraft
would have more absolute accidents number. The average amount of accidents with Boeing
aircraft is 26.95 while the number for Airbus aircraft is 7.67. For fatal accidents, the average
number with Boeing aircraft is 5.98 and there are 1.17 fatal accidents with Airbus aircraft on

average happen during 1978 to 2019.
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Figure 1.4 Accidents Number with Boeing Aircraft from 1978 to 2019
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Figure 1.5 Accidents Number with Airbus Aircraft from 1978 to 2019

There are many reasons that would lead to an aviation accident including the equipment
failure, weather, pilot or crew error, air traffic control, terrorism and many other reasons. The
accidents with pilots, air traffic controllers, mechanics, etc. problems can be called as human

error, while accidents with equipment problems are listed as machine failures. Rankin (2007)
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indicates back to 1903, almost 80 percent of the accidents are caused by machine problems, but
in 2007 approximately 80 percent of airplane accidents are due to human error and 20 percent are
attributed to machine failures. As aviation disastrous brings significant economic and emotional
consequences, it brings people’s attention to the accidents. According to Barnett (1990), the New
York Times includes more page-one stories of commercial jets’ accidents compared to other
mortal danger like cancer, AIDS and homicide from October 1%, 1988 to September 30,1989.
The highest stories per thousand U.S. deaths of commercial jets indicates the high public

attention of aviation accidents.

2. Literature Review

Aviation accidents generate a lot of research questions related to aviation safety which is
a function of safety investments and operation conditions. For an airline company, it needs to
trade-off between the cost of additional safety-enhancing investment and the benefit of reducing
accident or incident rate. Rose (1990) works with data from 35 large scheduled passenger
airlines over the 1957 to 1986 period to estimate the impact of financial indicators on the safety
performance of the carrier. The author uses the operating margins, interest coverage, working
capital and current ratios as financial indicators, system average length in thousands of miles and
cumulative airline operating experience in billions of aircraft miles as variables to explain the
accident rate which is the ratio of total accidents and the system departures in thousand. The
fraction of total departures that are international flights, time fixed effect and a dummy variable
for Alaskan carriers are included to control the risk of operations at the foreign airports and high
average accident rate of that state. She finds that an increase of 7.6 percentage points (which is

one standard deviation) in the operating margins will on average decrease the expected accident



rate by 7.4 percent. It implies a reduction from 3.42 to 3.17 accidents per million departures for a
carrier with the 1981-1986 sample aggregate accident rate. She also divides firms into small,
medium and large groups based on the average annual departures over the sample period to
check if the profitability effects are different from the firm’s size. The coefficient of operating
margins for the small carriers’ group is -2.282 which is statistically significant under 10%
significance level. The safety performance of small carriers seems to be easily affected by the
operating margins compared to medium or larger carriers. Thus, the author indicates the inverse
relationship between the profitability and accident rates especially for the smaller groups of
carriers. Rose (1992) also has studied the effect of the deregulation of the airline industry based
on airline safety performance. She states that neither the airline safety performance nor the
travelers’ safety has been reduced after the airline deregulation. The switch from jet to commuter
airlines and the switch from highways to air are likely to reduce the risk for travelers. She
mentions that “Both the system of tort liability and consumer reliance on airline or aircraft
reputation may provide sufficient incentives to maintain safety performance.”

Chance and Ferris (1987) use crashes involving domestic airlines with at least 10
fatalities from 1962 to 1985 recorded in the Federal Aviation Administration to study the
financial effect of aviation disasters. The financial effect is estimated using stock prices because
it is the investors’ assessments of the future cash flows of the company. With data in the Center
for Research in Security Prices (CRSP) of the University of Chicago, the unexpected return of
carriers and manufacturers with 46 accidents are analyzed. They present a negative 1.2 percent
statistically significant average unexpected return for the airline carriers involved in the crashes
on the day of the crash. The t-test of unexpected returns for days after the event is not significant

which indicates the immediate but not prolonged reaction of the market. The negative correlation



between the number of fatalities and unexpected returns is significant at 13 percent level. But
Chance and Ferris (1987) do not see any impact on either the carries that not involved in the
crash or the manufacturer of the aircraft.

Borenstein and Zimmerman (1988) also use the data of CRSP to estimate the effect of at
least one on-board fatality U.S. certificated carriers’ accidents. The sample period is from 1960
to 1985 and includes 74 accidents. They divide time period according to the development of
aircraft, 1960-65 as a transition period from the piston engine to jet aircraft, 1966-71 as relatively
stable period, 1972-77 period increased the use of wide-bodied aircraft and 1978-85 as the
deregulation period. 65% of the carrier firms experienced a negative abnormal return on the first
trading day after the crash and the average 0.94 percent loss of return is statistically significant at
1% significance level. The average value loss would reach $3.67 million to the market based on
the first information of the crash. The cumulative loss of the first and second days is $4.5 million
on average but the loss of the company of the accident is below the total social cost because of
the insurance. Also, the range of cumulative changes are large that some of the carriers gain
more than $100 million in the cumulative days. The accidents without crew-only fatality are used
to provide a robust result. They try to explain the changes in shareholders’ wealth by separating
the direct loss of the crash which is the people dead in the accident and indirect loss which is the
estimated loss of future revenue. But none of the variables show significant relationship with the
change in firm value. In addition, they find that travelers seem to respond more to the crash after
deregulation.

As the worst domestic U.S. airline accident back to 1970s, the May 25%, 1979 Chicago
American Airlines DC-10 crash stimulated the researchers’ interest. The American Airlines

Flight 191 crashed shortly after taking off from O'Hare International Airport in Chicago and
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caused 273 fatalities with 258 passengers, 13 crew and 2 grounded people. As listed in the
investigation report, the crash was led by the engine detachment of the McDonnell Douglas DC-
10 aircraft. Chalk (1986) uses this case to testify the hypothesis that even if consumers are
unfamiliar with the technical details of the product, market forces can compel producers to invest
in safety. The author finds the abnormal negative return of McDonnell Douglas after the crash
which loses about $200 million capital. The loss is a combination of regulatory, judicial and
market forces while only part of the loss can be explained by the FAA regulation. Meanwhile,
Barnett and Lofaso (1983) measures the passenger response of the crash by comparing the
estimated and actual DC-10 operator's post-crash market share. Considering the seat share,
frequency share and the night coach services as the composition of the market share, they do not
find passengers avoid the flying with DC-10 aircraft months after the crash.

Chalk (1987) investigates the wealth impact on aircraft manufacturers of crashes
involving their aircraft by using the ‘Event-Time’ analysis and Seemingly Unrelated Regression
(SUR) methods in the stock market data. The author includes 76 U.S. airline accidents with at
least one fatality for the period 1966-1981 as the sample and separates the accidents into suspect
accidents and non-aircraft-related accidents according to the reports in the New York Times. The
suspect accidents are accidents that may be caused by aircraft design. He further sorts the suspect
accidents by the current using models and past models. The author finds a statistically significant
- 0.967 percent of mean daily forecast error on the day of the crash at five percent level for the
current model suspect group. The mean forecast error of day2 and day4 are also significantly less
than zero at the five-percent level. The cumulative mean abnormal return is - 3.774 percent over

the five-day interval from day O until day 4, which is statistically significant at the 0.12 percent
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level. He got an average decrease of more than $21 million to shareholders of firms involved in
suspect crashes over the five-day crash period.

Due to the low participation of machine problems and a high proportion of human error
in aviation accidents, many researchers only studied the impact of accidents on airline
companies. Jerry C. Ho et al. (2013) find the negative influence of an aviation disaster on the
post-crash equity value of airlines while the magnitude of the influence is closely related to the
level of fatality of the accident. They use the information on the U.S. air crashes that happened
over the 1950-2009 and select for U.S.-based companies that listed on the New York stock
exchange, American Stock Exchange or Nasdaq at the time of the crash. They only consider the
crashes that have caused the death of either the aircraft occupants or people on the ground. Both
the crash and the non-crash airlines experience negative post-crash abnormal stock returns. But
the shareholders of the crash airlines experience a larger short-term wealth loss than those of the
non-crash airlines. The crashes with larger fatality cause greater losses of the equity value of the
crash airlines. The impact of the aviation disasters on the non-crash airlines is determined by the
relative importance of the “switch” effect and the “contagion” effect. The “switch” effect
dominates the “contagion” effect when the fatality is minor, while the “contagion” effect begins
to dominate the “switch” effect as the fatality increases. Walker, Thomas John, et al. (2005) find
a decreasing trend of the stock price of airline companies which lasts in the first trading week
after the crash by estimating the influence of 138 U.S. airlines’ crashes from 1962 to 2003 on the
CRSP stock returns. After grouping the accidents with different reasons that cause the crash, they
state airlines experienced hard times if the crash is caused by terrorist activity by analyzing the

9/11 terrorists attack.
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Besides, some researchers try to find the aviation accidents effect on the policy side and
the more general stock market. If an accident has significant outcomes in policy, regulation, and
technology, it will be defined as a milestone accident by Lagos et al. (2006). They then pick 14
milestone accidents in 1988-2003 using the AirClaims database and find high fatality accidents
have a larger impact on the three areas. But the fatality level is not a sufficient reason to motivate
the changes in the areas. Kaplanski and Levy (2010) estimate the impact of accidents with at
least 75 fatalities on the stock returns of the NYSE Composite Index from January 1950 to
December 2007. They find a significant negative event effect with a reversal effect two days
after the event. There is an average stock market loss of more than $60 billion per aviation
disaster which is more than 60 greater than the direct economic loss. When dividing accidents
into place-oriented accidents, American-oriented and European-oriented accidents have a
stronger effect than the rest areas. The Market Volatility Index (“VIX”) proposed by Baker and
Waurgler (2007) is used as a measure of the implied volatility of option to capture investor fear.
Kaplanski and Levy (2010) discover the significant increase in VIX but no changes in actual
volatility after aviation accidents. They also point out the influence of bad mood, anxiety and
fear on the investors which makes the investors be more risk-averse.

Due to the lack of estimation in manufacturers of aircraft in recent decades, studying the
impact of 737 MAX crashes on manufacturers and the analysis in the product market of aircraft

will be the main contribution of this thesis.
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3. Methodology

3.1 Event Study

As introduced by MacKinlay (1997), the event study method is a frequently used model
for event analysis in the stock market. When using this method, the assumption of the efficient
stock market has to be satisfied which assumes prices reflect all public information. Time can be
defined into the estimation window, event window and post-event window while the length of
each window can be chosen by situations. The first step is to estimate the normal returns if the
event didn’t happen. Both the estimation window and post-event window are used to increase the
robustness for most cases. Due to the uncontrollable occurrence of an aviation accident, there
may be long-term impact on the stock price after investigation reports. Thus, only the return of
90 trading days pre-event window is considered as the estimation window. The 90 days interval
is decided to provide enough length for estimating the normal return and do not overlap with the
previous huge fatal accident period. Since the stock market works on weekdays, there are
approximately four months of data which used to capture the pre-event trend. The event window

is chosen as an interval of three days after the accident.

Pre-event window Event Window
A u‘l;l

t0='90 t1=0 t2=2 t
Figure 3.1 Illustration of Time Period

There are many models that can be used to estimate the normal return including market
model and Fama-French three-factor model. This thesis applies the market model to estimate the
normal return as shown in Equation (1). R;; is the return of stock i on day t and R,,; is the

contemporaneous return of the market portfolio. The S&P 500 index is used as the market
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portfolio in this thesis. The ¢;; is independent of R,,,; which follows a normal distribution
N(0,0?) and t is from t, to t;.

Rit = a; + BiRme + &3¢ (1)

The normal return is then forecasted by the estimated coefficients and the actual market
return over the event window. The abnormal return (AR) equals to the difference between the
actual return and the estimated normal return of the stock during the event window in Equation
(2). It measures the impact of the event on stock i on day t.

ARy = Ry — Rl\t (2)

The abnormal return through the event window can also be summed to calculate the
cumulative abnormal return (CAR) as listed in Equation (3), where t; is the start of the event

window and t, is the end of event window.

CAR(t1, ;) = X2, ARy 3)

The goal is to test if the AR or CARs are significantly different from zero. The statistical
significance of AR and CARs are examined by the t-test. The standardized test statistic Z; of the
AR is defined as the ratio of the AR and estimated standard error as shown in Equation (4), while
the test statistic Z, of the CAR is shown in Equation (5). The statistical significance of AR or

CAR will indicate the significant effect of the event.

Zy = ARit/6AR 4)

Zy = CAR;/({Jtz — t; + 164z) (5)
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3.2. Time Series

The time series method is used to analyze the relationship between aviation accidents and
aircraft orders as Equation (6).

Yo = Bo + f1Xe-1 +uy (0)

where Y; is the aircraft order number and X;_; is a bunch of independent variables

measuring aviation accidents including the Boeing accident number, total accident number from
Boeing or Airbus aircraft, Boeing fatal accident number, total fatal accident number from Boeing
or Airbus aircraft and other variables. As mentioned by Rose (1990), the total number of aircraft
accidents including both fatal and non-fatal is used as the primary measure of safety performance
because of the rare existence of fatal accidents and similar underlying processes that generate
accidents. The unit root test is done for each variable in the regression. The unit roots are not
expected to exist in the accidents’ variables because the accidents are unpredictable and
unrelated to each other.

The regressions will be done in annual level data first. Both contemporary term and one-
lag term of accident variables are taken in as independent variables. Because if an accident
happened at the start of the year, it gives time to the airline companies to adjust their future
buying of the product for the rest of the year. After testing for the unit root, there exists a unit
root in annual Boeing orders, but other variables do not have the unit root problem. However, to
better interpret the changes in the orders, the regression on the annual level data will be
regressing the first-difference term of Boeing orders on the first-differenced independent
accident variables.

Because of the small number of observations on the annual level, the analysis will be

based on monthly data later. In contrast to the previous analysis, all the independent variables do
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not include the contemporary term in regression. The reason for excluding the current term is the
high cost of acquiring aircraft. It is a huge investment for airline companies that is hard for
airline companies to adjust their purchasing plan within a month. The regression results in the
empirical part will testify the rationality of eliminating the current accidents. The analysis will be
based on level data because there is no unit-root in each variable. Considering the problem of
seasonality, the following analysis will include monthly dummy variables to control the month
fixed effect. In order to contain all information from the last year, the regression lag length starts
with 12 lags of explanatory variables. The lag length of the independent variables will be

modified later to find the appropriate lag.

4. Empirical

4.1. Data description

The sample period is from January 1st, 1978 to December 31st, 2019. The year 1978 is
chosen as a start point because of the Airline Deregulation Act in the United States in 1978. The
Airline Deregulation Act is a federal law that is economic deregulation of the airline industry. It
removed the federal government control of the new airlines and generated a free commercial
airline market in the United States. The prosperity of the airline companies would bring more
demand for the aircraft that is highly related to the performance of aircraft manufacturers
companies. To avoid the influence of policy on aircraft orders, the post-policy period is used as
the sample in the thesis.

The aviation accident data are collected on the Aviation Safety Network (ASN) using
web crawling. The ASN includes worldwide accidents information from official investigation

reports and multiple websites including the National Transportation Safety Board (NTSB),
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International Civil Aviation Organization (ICAO), SKYbrary and many other sources. Involving
airliners (12+ passengers), corporate jets and military transport aircraft, 9475 accidents are
recorded in ASN from 1978 to 2019. With other aircraft manufacturers ceased operation or
merged, Boeing and Airbus are the current largest two aircraft manufacturers in the world. The
thesis focuses on the accidents with these two manufacturers where only 1457 accidents (1135
from Boeing and 322 from Airbus) are considered as accidents dataset. Three Boeing accidents
without fatality number, the September 22nd, 1980 Iran AF Boeing 707-3J9C accident, the
February 18th, 1994 China Southwest Boeing 737 accident and the August 7th, 1994 COPA
Panama Boeing 737 accident are first removed from the dataset. Due to the responsibility of duty
and non-commercial property, accidents with military aircraft are also excluded from the sample.
Paying attention to commercial aircraft, the final sample consists 1417 accidents, 1096 accidents
from Boeing and 321 accidents from Airbus. The monthly average accidents number with
Boeing aircraft is 2.17 which indicates on average there are 2.17 accidents by Boeing aircraft for
each month. Among all 1417 accidents, 279 accidents are with at least one fatality (230 from
Boeing and 49 from Airbus). While fatal accidents are very rare, on average a fatal accident with
Boeing aircraft happens every two months. The fatal accidents are also separated into three
different categories based on the fatality level of the accident. The fatality here is the total
number of dead from the passengers, flight crew and grounded people. Among fatal accident
causes less than 10 fatalities is considered as a small fatal accident, 10 to 99 fatalities accident is
a medium fatal accident and fatalities more than 100 is the large fatal accidents. In all 230 fatal
accidents from Boeing aircraft, small fatal accidents are the most common ones with 96
accidents while there are 70 medium fatal accidents and 64 large fatal accidents with Boeing. To

be more concentrated on aircraft manufacturers, fatal accidents are divided into aircraft-related
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accidents and non-aircraft related accidents based on the classification and the narrative

described in each accident record. For those accidents without detailed information in ASN, the

news from the New York Times or Wikipedia is collected to help define the possible reasons for

the accident. If an accident is related to some technical and system problems of the aircraft or

hardware questions like the engine and fuel, it is considered an aircraft-related accident. Other

reasons such as the pilot or crew failure, hijack, weather and even birds strike are divided into

non-aircraft related accidents. 81 accidents in the 230 fatal accident with Boeing aircraft are

defined as aircraft-related accidents and 29 accidents are led by hijack. In the 29 hijack

accidents, 10 cases caused more than 10 people dead. The most serious ones are the series of

four coordinated terrorist attacks on September 11%, 2001.

Table 1. Variable Definition

Variable Definition

orders boeing Monthly Boeing aircraft orders number

acc_boeing Count of monthly accident number with Boeing aircraft

acc_airbus Count of monthly accident number with Airbus aircraft

fat boeing Count of monthly fatal accident number with Boeing aircraft

fat_airbus Count of monthly fatal accident number with Airbus aircraft

fat_small Count of monthly fatal accident number with Boeing aircraft with fatality
less than 10

fat medium Count of monthly fatal accident number with Boeing aircraft with fatality
10-99

fat large Count of monthly fatal accident number with Boeing aircraft with fatality

more than 100

last6_boeing

Aggregated fatal accident number happed in the last 6 months with
Boeing aircraft

last6_airbus

Aggregated fatal accident number happed in the last 6 months with
Airbus aircraft

last6_num_boeing

Aggregated fatal accident fatality number happened in the last 6 months
with Boeing aircraft

last6_num_airbus

Aggregated fatal accident fatality number happened in the last 6 months
with Airbus aircraft
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Table 2. Summary Statistics of Monthly Accidents

variable count mean pS0 sd min max
Boeing Accidents 1096.00  2.17 2.00 1.59 0.00 10.00
Airbus Accidents 321.00 0.64 0.00 0.90 0.00 4.00
Boeing Fatal Accidents ~ 230.00 0.46 0.00 0.73 0.00 5.00
Airbus Fatal Accidents 49.00 0.10 0.00 0.30 0.00 2.00

Table 3. Summary Statistics of Boeing Fatal Accidents

variable count mean p50 sd min max
Less than 10 Fatalities 96.00 0.19 0.00 0.45 0.00 3.00
10-99 Fatalities 70.00 0.14 0.00 0.36 0.00 2.00
More than 100 Fatalities 64.00 0.13 0.00 0.39 0.00 3.00

Aircraft orders numbers are gathered from Boeing’s official website under the
commercial orders and deliveries section. From 1978 to 2019, there are 4,046 orders with a total
of 24,049 aircraft are ordered from Boeing. Similar to the accidents, orders from different air
forces that are not for commercial uses are removed from the data as well, including 122 aircraft
from 35 orders. Finally, 4,012 orders involving 23,927 aircraft are stated as the order dataset.
The average annual aircraft orders from Boeing is nearly 570 aircraft per year. Over the whole
sample period, there are some extremely low values in 1994, 1982 and 1983. Take a closer look
at the flat values of 1982 and 1983, there are no orders in neither May 1982 nor April 1983. The
highest order value realizes in 2014. Based on Boeing 2014 annual reports, Boeing delivered the
first Boeing 787-9 Dreamliner™ aircraft, the 8,000th 737 aircraft and the 1,500th 747 aircraft
and started the production of 737 MAX. The new design of the airplane stimulated the airlines’
demand. In the recent 10 years, the lowest order number occurs in 2009 during the financial
crisis. Due to the worries towards Boeing aircraft and the grounding of Boeing 737 MAX 8 after

the Ethiopian flight accident, the orders of Boeing aircraft drop by 73.52% in 2019 compared to
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the aircraft order number in 2018. Subdivided into a monthly level, only 4 aircraft are ordered in
April 2019 and there is no order in May 2019. The orders of Airbus aircraft are not included in
this thesis because the historical data is unavailable.
Boeing Aircraft Orders
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Figure 4.1 Boeing Aircraft Orders from 1978 to 2019

The stock of Boeing is released in the New York Stock Exchange (NYSE) with the
symbol of BA. The daily stock price data including the open and close price, the highest and
lowest price and the trading volume of BA are obtained from Yahoo Finance. The close price of
the first trading day in the sample period, January 3rd, 1978 is 1.8025 dollars per share and the
close price of the last trading day, December 3 1st, 2019 is 325.7600 dollars per share. Since the
absolute price value of the stock is incomparable, the stock returns are calculated using the
closed price data. The daily return of the BA is 0.0672% on average over the sample period.
Because the main purpose of the stock information is to do the event studies analysis of the two
737 MAX crashes, the returns from 2017 to 2019 are more important than the historical data.
The average daily return of 2017, the year before the crashes, is 0.2587%, the average daily

return of 2018, the year of the first Lion Air crash is 0.0528% while the average daily return of
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2019, the year of the second Ethiopian Airlines crash, is 0.0190%. With the two fatal accidents,
the average daily return falls by nearly 79.59% in 2018 and drops another 63.90% in 2019.
Along with the increasing uncertainty of the future return of Boeing, the amount of trading
becomes larger. The average volume raised from 3,284,160.96 in 2017 to 4,458,642.63 in 2018
and 5,374,459.13 in 2019. The S&P 500 index is one of the most common indices in the stock
market. It measures 500 large companies’ stock performance listed on stock exchanges in the
United States. The average daily return of the S&P 500 index is 0.0716% in 2017, negative
0.0199% in 2018 and 0.1038% in 2019. Comparing the return of Boeing to the market average
performance, Boeing outperforms the market return in 2017 and 2018 but fails to achieve the

market return in 2019.

4.2 Event Study Results

Due to the motivation of the two crashes, the analysis begins with the impact of the 737
MAX 8 groundings on Boeing in the stock market. The stock shares of Airbus are traded in the
stock market of France, Germany and Spain registered as AIR. Since the unavailable historical
data from Bolsa de Madrid (the Madrid Stock Exchange of Spain), the thesis will focus on the
stocks in NYSE. The Lion flight took off at 6:20 am on October 29th, 2018 in Jakarta and around
12 minutes later the accident happened, which is around 7:30 pm on October 28th, 2018 in
Eastern Daylight Time (EDT). Because the accident occurred before the normal trading time of
October 29th, 2018 in NYSE, the day is considered as the first trading date, day 0, after the event
in the analysis. According to the news in CNN, the New York Times and many other sources of
reports, the assumption of the market full knowledge of the crash has also been made to realize

the event study method. The regression result of using the market method on BA stock return is

22



shown in Column (1) of Table 4 and the unexpected returns results of BA are listed in Table 5
(a). As shown in Table 5, the first two columns are the estimated abnormal return and cumulative
abnormal return and Column (3) and (4) show the t-statistics of the AR and CAR. The significant
coefficient of the market return indicates a proper prediction of the normal return. The predicted
normal returns are estimated and used to calculate the abnormal return and cumulative abnormal
return. There is a negative 6.01% estimated abnormal return of BA at the day right after the
aviation accident with Boeing aircraft, but the unusual drop is not statistically significant at 5%
significance level. There is no further negative effect on BA stock price in the later trading days.
The cumulative abnormal return over the three-day interval from day 0 to day 2 is negative
3.30% due to the decrease on day 0. But the CAR is not statistically significant at 5%
significance level either.

Table 4. Lion Air Crash Market Method Regression

Market (1) BA (2) GE

Return

B 1.0415 -0.2005
(0.1472)%%% (0.2939)

o 0.0011 -0.0040
(0.0012) (0.0024)*

R-Squared 0.362 0.005

N 90 90

SER 0.01 0.02

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses
The Lion Air Flight 610 aircraft registered as PK-LQP was delivered to Lion Air on
August 14th, 2019 and finished 443 cycles since new before the accident. It’s also the first fatal
Boeing 737 MAX 8 type of aircraft accident that no investigation had done before. Being
unknown to the reason for the crash, the engine as the heart of an aircraft is suspected to play a
role in the accident. The engine manufacturer of the 737 MAX 8 aircraft is CFM International

which is a joint venture of General Electric of the United States and Safran of France. Since
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General Electric is also released in NYSE as GE, the thesis analyzes the crash effect on GE to
see if the accidents have an impact on the upstream of aircraft manufacturers’ companies like the
engine companies. The market method regression results on GE is presented in Column (2) of
Table 4 and abnormal returns are shown in Table 5 (b). The Lion Air crash brings GE continuous
negative abnormal return for three days after the event and the magnitude of the estimated
abnormal return keeps raising. The estimated abnormal return is not statistically significant at 5%
significance level at the beginning, but it becomes statistically significant two days after the
crash. The abnormal return of day 2 is 6.26% point lower than estimated normal returns of GE
and is statistically significant under 5% significance level. Due to the decreases over the three-
day interval from day O to day 2, the cumulative abnormal return over the interval is negative
12.08% and also statistically significant at 5% significance level.

Table 5. Unexpected Returns of Lion Air Flight 610 Crash on

(a). BA
Lion Event day AR CAR AR test CAR test
10/29/2018 | 0 -.060131 -.060131 -1.362499 -1.362499
10/30/2018 | +1 025303 -.034829 573332 -.558026
10/31/2018 | +2 . 0017934 -.033035 .040637 -432165
(b). GE
Lion Event day AR CAR AR test CAR test
10/29/2018 | 0 -.008209 -.008209 -.288224 -.288224
10/30/2018 | +1 -.050025 -.058234 -1.756473 -1.445819
10/31/2018 | +2 -.062612 -.120846 -2.198437 * | -2.449775

*significant at 5% level

The regression results of the market method of the Ethiopian Airlines Flight 302 crash are
shown in Table 6 and unexpected results are shown in Table 7. Same as before, the last two
columns in Table 7 indicate the t-statistics of AR and CAR. The Ethiopian flight took off at 8:38
am on March 10th, 2019 from Addis Ababa and crashed after 6 minutes, which is around 12:44

am on March 10th, 2019 EST. Similar to the Lion Air analysis, the first trading day after the

24



event, March 11th, 2019 is used as day 0 in this case. The daily forecast error on the day of the
crash is negative 7.7%, which is statistically different than zero at the five percent level. Besides,
the estimated abnormal return continuous to be less than zero in the following two days. The
accident brings a more noticeable loss to Boeing this time that each cumulative abnormal return
is statistically different than zero. Over the three-day interval from day 0 to day 2, the estimated
cumulative abnormal return reaches negative 15.1%, which is also statistically significant at the
5 percent level.

Table 6. Ethiopian Airlines Crash Market Method Regression

Market BA GE

Return

B 1.4792 -0.2896
(0.1157)%** (0.3003)

a 0.0016 0.0020
(0.0014) (0.0038)

R-Squared 0.650 0.010

N 90 90

SER 0.01 0.04

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses
However, the crash did not bring a huge impact on the engine company for this time. The
magnitude of the estimated abnormal return becomes smaller compared to the result from the
Lion Air crash. It decreases the GE returns by 2.94% point on average on day 1, but none of the
ARs is statistically different than zero. Moreover, none of the CARs of GE over the event
window is statistically significant either. The cumulative abnormal effect of the three-day
interval from day 0 to day 2 is negative 3.23% and is not statistically significant at 5%
significance level.
The reason for the insignificant impact on BA of the first crash may be the lack of
information. For the Lion Air accident happened with the Boeing 737 MAX 8 type of aircraft,

people didn’t know the reason for the crash at first. Getting rid of the weather reason, people are
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more likely to regard the crash as a huge tragedy of the pilot mistake or engine problem.

Although there were negative returns of Boeing stock, none of them are significant. Meanwhile,

the GE company as the engine manufacturer suffers a significant loss in the stock market.

Table 7. Unexpected Returns of Ethiopian Airlines Flight 302 Crash on

(a). BA
Ethiopian Event day AR CAR AR test CAR test
03/11/2019 | 0 -.076601 -.076601 -2.033294 * | -2.033294
03/12/2019 | +1 -.067453 -.144054 -1.790478 -2.703814
03/13/2019 | +2 -.007258 -.151312 -.1926475 -2.318881
(b). GE
Ethiopian Event day AR CAR AR test CAR test
03/11/2019 | 0 .007109 .007109 389071 224630
03/12/2019 | +1 -.029412 -.022303 -1.609690 -.863107
03/13/2019 | +2 -.010038 -.032341 -.549344 -1.021888

* significant at 5% level

With the investigation going on, people find out the flight control problem from the
aircraft. But after preliminary reports, people know that the design flaw of the Maneuvering
Characteristics Augmentation System (MCAS) may be responsible for the crash. It points out the
issue of Boeing aircraft and brings significant loss on Boeing stock price after the second
Ethiopian crash. Many countries also took fast responses to the crashes by stopping the usage of
Boeing 737 MAX 8 aircraft which leads to the more contradicting effect on Boeing returns.
Eliminating most of the problems from the engine, the negative effect of the crash on the aircraft

engine company is not comparable to the loss of aircraft design company.

4.3 Time Series Results

Because of the existence of unit root in Boeing annual aircraft orders number, the first-
difference term of orders number is used as the dependent variable in annual data analysis. To

explain the changes in the first-differenced orders, the independent variables have also been first-
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differenced to measure the changes in accidents number. The regression results of using annual
level data are presented in Table 8. When regressing the difference of Boeing orders on changes
of all accidents with Boeing aircraft, there is a negative effect of Boeing accidents on Boeing
aircraft orders as shown in Column (1). The coefficient of the changes in accidents number in the
same year is -1.45 which is statistically not different from zero, while the coefficient of the
changes in accidents number in the previous year is -10.80 which is statistically significant under
10 significance level. If one more aviation accident happened with Boeing aircraft, it will lead
Boeing to lose more than one aircraft orders in the same year compared to last year changes of
order numbers on average. A one more Boeing aircraft accident in the previous year would bring
a significant loss of nearly 11 aircraft orders changes to Boeing on average. In Column (2), in
order to find out the competition relationship in the aircraft manufacturers, the number changes
of accidents with Airbus aircraft are added as new independent variables in the regression. The
coefficients of the Boeing variables are smaller in absolute values that the two coefficients are -
0.06 and -9.97. But, the negative estimation of the changes of previous Boeing accidents is no
more statistically significant with Airbus variables. As expected, there is a positive sign of the
estimation of the current changes of Airbus accidents number where the coefficient is 8.68. It
indicates a one more Airbus aircraft accident that happened in the same year would increase
more than eight aircraft selling of Boeing on average. However, the lag term of changes in
Airbus accidents shows a -13.22 coefficient which implies a negative effect on Boeing orders.
An additional Airbus aircraft accident in the previous year would reduce more than thirteen
aircraft orders to Boeing on average. But neither of the Airbus variables show a statistically

significant impact on Boeing orders.
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Wondering if fatal accidents would have more denial influence on the aircraft orders, the
regressions of orders on fatal accidents number have been estimated. In Column (3), it shows the
result of only regressing on changes of fatal accidents number with Boeing aircraft. Additional
Boeing fatal accidents of the current period would increase the annual orders while the last
period extra Boeing fatal accidents decrease the orders. Unanticipated, one more fatal accident
with Boeing aircraft happened in the same year would on average increase nearly fifteen aircraft
orders of Boeing aircraft compared to the last year changes of order number. Unlike the
regression results with Boeing accidents number, the Boeing fatal accidents do not bring any
significant effect on aircraft orders. After adding the number changes of fatal accidents with
Airbus aircraft in Column (4), the coefficients of Boeing accident variables basically remain the
same. The positive effect of the current period increasing number of Boeing fatal accident
becomes smaller in absolute values, while the negative effect of the number changes of fatal
accidents in last year turns to be greater in magnitude. In contrast, both the current and last term
of changes in Airbus fatal accident number have negative effect to the changes of Boeing orders.
If there is a one more Airbus fatal accident in the same year, it will averagely drop the Boeing
aircraft orders by almost twenty-nine airplanes compared to order changes in the last year. If an
additional fatal accident happened with Airbus aircraft in last year, the Boeing aircraft will
decrease by forty-six airplanes on average. The negative signs of the Airbus accident variable
may be explained by the passengers’ panic of flying. If people are afraid of taking flights, no
matter which type of aircraft, the demand for new aircraft would be lower than before. But none
of the four fatal accident variables indicates a significant effect on the changes of Boeing aircraft
orders. Due to the small sample size based on annual data, the analysis then tries to regress on

monthly data.
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Table 8. Annual Level Regression Results

d. Boeing Orders (1) Boeing (2) All (3) Boeing (4) All Fatal
Accidents Accidents Fatal Accidents Accidents

Changes of -1.4548 -0.0605

Boeing Accidents (6.3421) (6.4438)

Last Year -10.8009 -9.9654

Changes of (6.2462)* (6.2423)

Boeing Accidents

Changes of 8.6818

Airbus Accidents (11.6752)

Last Year -13.2155

Changes of (12.0227)

Airbus Accidents

Changes of 14.5503 11.1875

Boeing Fatal (14.7483) (15.2460)

Accidents

Last Year -2.6248 -9.0444

Changes of (14.7441) (15.2334)

Boeing Fatal

Accidents

Changes of -28.8403

Airbus Fatal (30.2351)

Accidents

Last Year -46.1134

Changes of (29.9733)

Airbus Fatal

Accidents

_cons -0.9199 2.1839 -1.6262 -2.2835
(42.7816) (43.1757) (43.8637) (43.5705)

R-Squared 0.092 0.155 0.046 0.110

N 40 40 40 40

SER 270.40 268.16 277.13 275.25

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses
On monthly level data, there is no unit-root in each variable including the accident
variables and order variable, so all the regressions will be regressed on level data. The regression
results based on monthly data will be shown from Table 9 to Table 13. Slightly different from
the analysis sequence of annual data results, the results of the monthly data focus on Boeing

variables first and combine the Airbus variables later. In Table 9 shows the regression results

when regressing the monthly aircraft order number on accidents number with Boeing aircraft. To
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testify the lag effect of accidents, the Column (1) states the regression results including the
current term of the accident number and the results without the current term of independent
variables are listed in the Column (2) and (3). The estimated coefficients of other variables in
Column (1) and (2) are similar. Although the current Boeing accident number indicates a
negative effect on the order number, it is not statistically significant. Thus, the following analysis
will start with the 12 lags of independent variables and exclude the current term accidents
number. As shown in Column (2), all accident coefficients except for the one of lag 7 are less
than zero and the lag 5, 8, 9, 10 and 11 are statistically significantly negative than the others. The
coefficient of the lag 10 accidents brings the largest and significant effect on the orders that an
accident happened 10 months ago would statistically significantly reduce the aircraft orders by
more than 4 aircraft on average under 1% significance level. The coefficients of the twelve
accidents variables are added together to see the long-run impact on orders. The numerical sum
of the coefficients of the accidents’ variables with Boeing aircraft is -22.98 which indicates one
more accident with Boeing aircraft happened in the last 12 months would on average decrease
nearly 23 aircraft orders of Boeing. The economic significance of the cumulative estimation is -
1.05 which is also economically significant. The orders also obey some monthly patterns where
the sales of aircraft increase a lot in June, July, September, November and December compared
to the order number in January. Airline companies have the strongest purchasing powers in June
and December which are the end of the half-year and whole year. The orders from December
will be approximate 68 aircraft higher than the orders in January on average holding the accident
numbers constant and it’s statistically significant under 1% significance level. To test if the
accidents variables have a jointly impact on aircraft manufacturers’ orders, the F-test is used to

examine if the independent variables are jointly significant different than zero. As stated in the
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last two lines of the Table 9, the testing of both all variables and the twelve accident variables are
statistically significant than zero. It testifies the negative impact of accidents on product orders.
According to the time series method, reducing the lag length of independent variables after the
first regression helps to find a better lag length. In the second column of Table 9 shows the
regression results with 11 lags of Boeing accidents number, the coefficient of the lag 11 term is
statistically different with zero under 5% significance level which terminates the reducing length
process. An accident with Boeing aircraft occurred 11 months ago would reduce Boeing orders
by 3.64 aircraft selling on average holding the accident number happened in the recent 10
months constant. Diminished the lag length of accident variables to 11, the coefficient results
bring similar conclusions with 12 lag results. The 10 months ago Boeing aircraft accident has the
most obvious negative effect on the Boeing orders.

Table 9. Monthly Boeing Accidents

Boeing Orders (1) Current (2)lag 12 (3)lag 11
Current Boeing -1.2956

accidents (1.4315)

Lagl of Boeing -0.6198 -0.6126 -0.6244
accidents (1.4356) (1.4353) (1.4272)
Lag2 of Boeing -0.2018 -0.2424 -0.2177
accidents (1.4311) (1.4302) (1.4268)
Lag3 of Boeing -1.9478 -1.9071 -1.8920
accidents (1.4316) (1.43006) (1.4276)
Lag4 of Boeing -1.2081 -1.2586 -1.3244
accidents (1.4351) (1.4337) (1.4276)
Lag5 of Boeing -2.9308 -2.9938 -2.9631
accidents (1.4332)** (1.4313)** (1.4269)**
Lag6 of Boeing -1.9531 -1.9801 -1.9750
accidents (1.4322) (1.4316) (1.4285)
Lag7 of Boeing 0.9211 0.9169 0.8708
accidents (1.4324) (1.4321) (1.4276)
Lag8 of Boeing -2.5027 -2.5773 -2.6413
accidents (1.4329)* (1.4302)* (1.4243)*
Lag9 of Boeing -3.6792 -3.6839 -3.6709
accidents (1.4295)** (1.4292)** (1.4252)**
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Table 9 (Cont.)

Boeing Orders (1) Current (2)lag 12 (3)lag 11
Lagl0 of Boeing -4.2939 -4.2792 -4.2980
accidents (1.4280)*** (1.4276)*** (1.4247)%**
Lagl1 of Boeing -3.5803 -3.6669 -3.6423
accidents (1.4354)** (1.4320)** (1.4286)**
Lagl2 of Boeing -0.6968 -0.6975
accidents (1.4350) (1.4348)
Feb -1.0354 -0.6975 -0.5059
(11.0946) (11.0862) (11.0611)
Mar 11.6209 11.8332 11.9319
(11.0829) (11.0783) (11.0586)
Apr 2.8121 3.3809 3.7177
(11.1582) (11.1383) (11.1052)
May 13.3781 14.4489 14.9692
(11.1572) (11.0922) (11.0305)
Jun 37.6693 38.1629 38.4318
(11.1437)%xx (11.1282)%x* (11.1001)%*
Jul 23.9806 24.6519 25.0577
(11.1621)** (11.1352)** (11.0922)**
Aug -0.6933 -0.8747 -0.9922
(11.1296) (11.1257) (11.0982)
Sep 19.3788 19.9250 20.2041
(11.1215)* (11.1030)* (11.0735)*
Oct 8.5489 8.9344 9.1652
(11.1553) (11.1450) (11.1202)
Nov 26.9334 27.2970 27.5290
(11.0892)** (11.0798)** (11.0539)**
Dec 67.7858 67.6790 67.0435
(11.0718)*** (11.0691)*** (10.9938)***
_cons 82.4533 79.8939 78.3827
(12.8580)*** (12.5407)%* (12.2143)%x
R-Squared 0.187 0.186 0.186
N 492 492 493
P-Value with 0.0002 0.0001 0.0001
accident variables
P-Value with all 0.0000 0.0000 0.0000

variables

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses

Note: The first column show results of including 12 lags of independent variables, and

the results of changed lag-length structure are shown in the second column.



Table 10. Monthly Boeing Fatal Accidents

Boeing Orders (1)lag 12 (2) lag 10
Lagl of Boeing fatal 1.5835 1.3036
accidents (3.1942) (3.16406)
Lag2 of Boeing fatal -1.4269 -1.2352
accidents (3.1886) (3.1650)
Lag3 of Boeing fatal -5.4785 -5.8362
accidents (3.1751)* (3.1528)*
Lag4 of Boeing fatal -0.1285 -0.1896
accidents (3.1773) (3.1521)
Lag5 of Boeing fatal -2.6626 -2.8152
accidents (3.1687) (3.1519)
Lag6 of Boeing fatal -2.5849 -2.3812
accidents (3.1668) (3.1502)
Lag7 of Boeing fatal -0.3949 -0.5158
accidents (3.1669) (3.1502)
Lag8 of Boeing fatal -0.6326 -0.5867
accidents (3.1658) (3.1502)
Lag9 of Boeing -7.8589 -7.7376
accidents (3.1741)** (3.1608)**
Lagl0 of Boeing -5.7491 -5.7499
fatal accidents (3.1737)* (3.1620)*
Lagl1 of Boeing -3.3772
fatal accidents (3.20006)
Lagl2 of Boeing 1.4712
fatal accidents (3.2049)
Feb -0.3548 -0.7712
(11.2666) (11.2244)
Mar 13.6619 13.0638
(11.3469) (11.3056)
Apr 3.0726 3.4142
(11.3208) (11.2835)
May 13.6265 13.7448
(11.3166) (11.2352)
Jun 38.7159 37.7471
(11.3529)%** (11.2679)***
Jul 25.5323 24.7852
(11.3646)** (11.3163)**
Aug -1.7023 -2.4027
(11.3508) (11.3006)
Sep 18.1831 17.7675
(11.3273) (11.2897)
Oct 9.2614 8.9118
(11.33006) (11.2975)
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Table 10 (Cont.)

Boeing Orders (1)lag 12 (2) lag 10

Nov 24.6446 24.5523
(11.3394)%* (11.2317)%*

Dec 66.0515 65.4766
(11.2565)*** (11.1579)%*

_cons 42.4168 42.1459

(9.1122)%** (8.9708)***

R-Squared 0.149 0.147

N 492 494

P-value with 0.1350 0.0968

accident variables

P-value with all 0.0000 0.0000

variables

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses

Note: The first column show results of including 12 lags of independent variables, and

the results of changed lag-length structure are shown in the second column.

The regression results of regressing Boeing orders on fatal accidents with Boeing aircraft
are shown in Table 10. Since the fatal accidents are accidents with people dying, the airline
companies and even the aircraft manufacturers companies need to compensate the families of the
victims. The negative impact of fatal accidents is expected to be larger. However, when
regressing Boeing order number on Boeing fatal accidents number, the joint test of the 12 lag
fatal accidents number is not statistically significant from zero under 10% significance level as
listed in the last two lines in the first column of Table 10. The monthly fixed effects remain the
same as the results using all Boeing accidents number as explanatory variables. The sign of the
lag 1 fatal accident number is positive that a Boeing fatal accident happened last month would
increase the orders by 1.58 aircraft on average. The positive effect of last month’s fatal accident
is not statistically significant, while there are significant negative effects at lag 3,9 and 10. The
Boeing accidents happened three months ago have a more intense effect on orders compared to

the previous results. A fatal accident with Boeing aircraft that occurs three months ago would
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reduce the orders number by 5.48 aircraft for Boeing on average and this loss of orders is
statistically significant under 10% significance level. After summing up all the coefficients of the
fatal accidents’ variables with Boeing aircraft, the value is -27.24 which is greater than the value
before. Comparing the economic significance, the value is -0.26 this time which is also
economically significant. It suggests that one more fatal accident with Boeing aircraft happened
in the last 12 months would on average decrease more than 27 aircraft orders of Boeing and this
effect is larger than the effect of accidents involving Boeing aircraft. As shown in the second
column in Table 10, after decreasing the lag length to 10, the F-test of the fatal accidents’
variables is jointly significant than zero under 10% significance level. The fatal accident that
happened nine months before indicates the significant and largest magnitude of the negative
effect on orders where a fatal accident with Boeing aircraft took place nine months before would
reduce nearly 8 Boeing aircraft order on average holding others constant. The results in Table 10
also imply that fatal accidents do not present a prompt effect on aircraft orders. Dividing the fatal
accidents into different fatality levels, the impact on the orders becomes more apparent. To check
if accidents with more than 100 fatality would cause Boeing to lose more orders, the independent
variables are changed to the twelve lags of large fatality level accidents number only. The
regression table will be shown in Appendix Table 14 of the thesis. The negative effects of the lag
9 and lag 12 large fatal accidents are statistically not equal to zero under 10% significance level,
but the accident variables are not jointly different than zero based on the F-test results. Involving
all three kinds of fatality level in the regression, the joint effects of the large and small fatality
level accidents are significantly different than zero while the effect of medium fatality level
accidents is ignorable. The regression results are exhibited in Appendix Table 15 as well. The

effect of large fatality accidents seems to last longer than the other accidents with smaller
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fatalities, the lag 9 and lag 12 variables show the evidential bad influence on orders under 10%
significance level. In contrast, the orders are most affected by the small fatality accidents when
the accidents happened three, four and ten months ago on average under 5% significance level.

Being more concentrated on aircraft manufacturers, the regressions of Boeing orders
number on the accidents with aircraft-related accidents number have been done as the regression
results listed in Appendix Table 16. However, the results do not indicate any significant negative
or positive effect on the aircraft orders. If using both the aircraft-related accidents number and
non-aircraft related accidents number as independent variables, the non-aircraft related accidents
state significant negative effects on the orders, while the aircraft related accidents variables do
not show any effect. Since whether an accident is related to aircraft reasons or not is decided by
subjective judgment on the narrative, it may cause some biases on the indicator which further
leads to the insignificant effect of the variables with aircraft-related accidents.

Moving the perspective to the aircraft manufacturers industry, the accident number from
Boeing’s largest competitor, Airbus, are comprised into analysis with results shown from Table
11 to Table 13. The regression results of regressing Boeing orders number on all accidents with
Boeing and Airbus accidents are shown in Table 11. Including 12 lags of all accidents number
from Boeing and Airbus aircraft in the column (1) of Table 11, the sum of the coefficients with
Boeing variables is -18.15 and the number for Airbus coefficients is 20.61. The economic
significance for the cumulative Boeing variables is -0.83 while the value for Airbus variables is
0.28. Both the 12 lag variables of Boeing and Airbus are economically significant. It presents the
same negative effect of Boeing accidents as before and a positive impact of Airbus accidents on
Boeing aircraft orders. Boeing aircraft orders are statistically negatively related to Boeing

accidents happened five, nine, ten and eleven months ago and follow the high selling pattern in
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June and December. Most of the coefficients of Airbus accidents variables are positive, while the
estimation of lag 1, 10, 11 Airbus accidents are less than zero. The coefficient of the lag 3 Airbus
accidents is 5.1754 and the coefficient of the lag 7 Airbus accidents is 7.0786. To interpret, an
Airbus accident happened three months before would raise the Boeing aircraft orders by 5.18
aircraft on average holding other variables constant and it’s statistically significant under 10 %
significance level. The Airbus accidents that happened seven months ago would also increase
7.08 Boeing aircraft orders at 5% significance level on average keeping other variables the same.
The accidents happened three months ago and seven months ago with Airbus aircraft have a
significant increasing effect on Boeing aircraft selling. To examine if the Airbus accident
variables are plausible to explain the Boeing orders number, the F-test is used to all Boeing
accident variables, all Airbus accident variables and all variables including the monthly dummy
variables separately. The Boeing accident variables are jointly significantly different than zero
under 1% significance level, while the Airbus accident variables are jointly significantly
different than zero under 5% significance level. Conforming to time series method, the lag
lengths of variables are reduced to 11 lags of Boeing accidents number and 7 lags of Airbus
accidents number, shown in the Column (2) in Table 11. The F-test results show both the Boeing
accidents variables and Airbus accident variables are jointly different than zero under 1%
significance level. The regression results suggest the accident variables from Boeing and Airbus
can be used to explain the change in Boeing orders and there is a substitution effect for airline

companies to purchase new aircraft between the two aircraft manufacturers.
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Table 11. Monthly All Accidents from Boeing and Airbus

Boeing Orders (1) lag 12 (2)lag 7
Lagl of Boeing -0.3619 -0.3515
accidents (1.4213) (1.4033)
Lag2 of Boeing 0.0701 0.0722
accidents (1.4151) (1.4028)
Lag3 of Boeing -1.4275 -1.4346
accidents (1.4152) (1.4033)
Lag4 of Boeing -1.0528 -1.1080
accidents (1.4207) (1.4051)
Lag5 of Boeing -2.4792 -2.4934
accidents (1.4186)* (1.4032)*
Lag6 of Boeing -1.4922 -1.4778
accidents (1.4214) (1.4071)
Lag7 of Boeing 1.2127 1.2111
accidents (1.4214) (1.4071)
Lag8 of Boeing -2.2898 -2.3147
accidents (1.4200) (1.4042)*
Lag9 of Boeing -3.4187 -3.4221
accidents (1.4244)*> (1.4110)**
Lagl0 of Boeing -3.7156 -3.7417
accidents (1.4240)*** (1.4128)%**
Lagl1 of Boeing -2.9654 -2.9754
accidents (1.4293)** (1.4162)**
Lagl2 of Boeing -0.2262

accidents (1.4318)

Lagl of Airbus -1.4237 -1.5614
accidents (2.7278) (2.6545)
Lag? of Airbus 2.6462 2.6681
accidents (2.7218) (2.6475)
Lag3 of Airbus 5.1754 5.2320
accidents (2.7055)* (2.6424)**
Lag4 of Airbus 4.0407 4.1363
accidents (2.7222) (2.6345)
Lag5 of Airbus 2.8474 3.0330
accidents (2.7789) (2.6670)
Lagb6 of Airbus 0.4028 0.4155
accidents (2.7889) (2.6885)
Lag7 of Airbus 7.0786 6.8130
accidents (2.7914)** (2.6878)**
Lag8 of Airbus 1.1185

accidents (2.7961)

Lag9 of Airbus 0.6611

accidents (2.7754)
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Tablel1(Cont.)

Boeing Orders (1) lag 12 (2)lag 7

Lagl0 of Airbus -0.6417

accidents (2.7472)

Lagl1 of Airbus -1.1531

accidents (2.7668)

Lagl2 of Airbus -0.1376

accidents (2.7756)

Feb -0.8062 -0.9355
(11.1186) (10.9134)

Mar 12.0250 12.0812
(11.0316) (10.8740)

Apr 3.5799 3.7042
(11.1184) (10.9549)

May 12.7429 13.1040
(11.1256) (10.9610)

Jun 37.4054 37.6263
(11.0853)*** (10.9423)*++

Jul 21.7278 21.6296
(11.1346)* (10.9622)**

Aug -2.1668 -2.3766
(11.0865) (10.9445)

Sep 18.5623 18.7881
(11.1634)* (10.9209)*

Oct 4.8939 5.2728
(11.1439) (10.9927)

Nov 25.5453 26.0899
(11.0503)** (10.8779)**

Dec 64.0304 64.2353
(11.0907)*** (10.8346)***

_cons 57.4932 57.0434
(13.6467)*** (13.0154)*+

R-Squared 0.229 0.229

N 492 493

P-value with 0.0075 0.0034

Boeing variables

P-value with 0.0124 0.0005

Airbus variables

P-value with all 0.0000 0.0000

variables

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses

Note: The first column show results of including 12 lags of independent variables, and

the results of changed lag-length structure are shown in the second column.
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Turning the analysis in variables with all fatal accidents from Boeing and Airbus aircraft,
the results for Boeing accidents are similar as listed in Table 12. The fatal accidents with Boeing
aircraft happened nine and ten months ago have significant negative effects on Boeing orders.
Holding other variables constant, a fatal accident involving Boeing aircraft occurred nine months
ago would reduce 7.90 Boeing aircraft current selling on average which is statistically different
than zero under 5% significance level. A ten months ago fatal accident of Boeing aircraft would
decrease the aircraft orders by 6.31 on average when rest variables do not change. This effect is
statistically significant under 10% significance level. The joint impact of the Boeing fatal
accidents is statistically different than zero under 5% significance level. However, the effect of
fatal accidents with Airbus aircraft is not clear where four of the twelve coefficients are positive.
Calculating the cumulative long-term effect of the fatal accidents, the sum of Boeing coefficients
is -29.18 while the sum of Airbus coefficients is -20.35. The economic significance for the
Boeing variables is -0.28 which is economically significant, while the value for Airbus is -0.04
which is not economically significant. No matter who is the aircraft manufacturer of the fatal
accident’s aircraft happened in the last twelve months, it will have a negative effect on Boeing
aircraft orders. This situation may be explained by the public worry of the airline industry after
fatal accidents. Travelers are likely to avoid taking flights after some fatal accidents which
further decrease the demand for new aircraft from the carriers. Based on the F-test result, the
Airbus fatal accidents variables do not have a significant effect. Reducing the lag length to lag 10
of Boeing fatal accidents and lag 1 of Airbus fatal accidents as in Column (2) of Table 12, the lag
3 of Boeing fatal accidents becomes statistically significant under 10% significance level. But
the positive effect of lag 1 Airbus fatal accident on Boeing orders is not significant. The

substitution effect of Boeing and Airbus aircraft does not exist when accidents are fatal.
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Table 12. Monthly All Fatal Accidents from Boeing and Airbus

Boeing Orders (1)lag 12 (2)lag 1
Lagl of Boeing fatal 1.6127 1.3178
accidents (3.2695) (3.1688)
Lag2 of Boeing fatal -1.6859 -1.2169
accidents (3.2635) (3.1699)
Lag3 of Boeing fatal -5.0110 -5.8461
accidents (3.2471) (3.1565)*
Lag4 of Boeing fatal -0.4252 -0.2053
accidents (3.2422) (3.1565)
Lag5 of Boeing fatal -2.8748 -2.8005
accidents (3.2217) (3.1562)
Lag6 of Boeing fatal -2.5803 -2.3605
accidents (3.2219) (3.1555)
Lag7 of Boeing fatal -0.6996 -0.4821
accidents (3.2228) (3.1590)
Lag8 of Boeing fatal -0.4037 -0.5445
accidents (3.2285) (3.1621)
Lag9 of Boeing fatal -7.9007 -7.6872
accidents (3.2430)** (3.1764)**
Lagl0 of Boeing -6.3142 -5.7334
fatal accidents (3.2386)* (3.1666)*
Lagl1 of Boeing -3.8529

fatal accidents (3.2663)

Lagl2 of Boeing 0.9510

fatal accidents (3.2714)

Lagl of Airbus fatal 3.1941 1.3705
accidents (7.9033) (7.6083)
Lag2 of Airbus fatal -0.0084

accidents (7.9315)

Lag3 of Airbus fatal -5.6692

accidents (7.9582)

Lag4 of Airbus fatal -2.0192

accidents (7.9851)

Lag5 of Airbus fatal -1.7646

accidents (7.9840)

Lag6 of Airbus fatal -11.3415

accidents (7.9831)

Lag7 of Airbus fatal 3.2140

accidents (7.9831)

Lag8 of Airbus fatal -3.6878

accidents (7.9856)

Lag9 of Airbus fatal -1.2216

accidents (7.9970)
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Table 12 (Cont.)

Boeing Orders (1)lag 12 (2)lag 1

Lagl0 of Airbus 1.3473

fatal accidents (7.9946)

Lagl1 of Airbus -6.1869

fatal accidents (7.9592)

Lagl2 of Airbus 3.7970

fatal accidents (7.9309)

Feb -0.8729 -0.6057
(11.4957) (11.2735)

Mar 13.7522 13.1586
(11.5530) (11.3294)

Apr 2.1101 3.4653
(11.4956) (11.2986)

May 13.0552 13.8534
(11.5579) (11.2629)

Jun 39.4448 37.7575
(11.5592)*** (11.2796)***

Jul 23.7453 24.8060
(11.5759)** (11.3285)%*

Aug -0.9198 -2.3851
(11.5498) (11.3127)

Sep 18.5998 17.9074
(11.5874) (11.3280)

Oct 8.9343 8.9920
(11.5070) (11.3179)

Nov 26.0415 24.7134
(11.5453)** (11.2787)**

Dec 65.8257 65.6452
(11.4948)*** (11.2086)***

_cons 45.4162 41.8398

(9.6637)*** (9.1394)***

R-Squared 0.158 0.147

N 492 494

P-value with Boeing 0.1388 0.1051

variables

P-value with Airbus 0.9631 0.8571

variables

P-value with all 0.0000 0.0000

variables

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses

Note: The first column show results of including 12 lags of independent variables, and

the results of changed lag-length structure are shown in the second column.
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The number of fatal accidents can be aggregated into a variable as the total number of
fatal accidents happened in last six months. In this way, the variable contains information from
the past that there is no need to include the lag term in the regression as presented in Table 13.
As results shown in Column (1) of the Table 13, the aggregated fatal accident number has a
significant negative effect on Boeing orders. If a fatal accident with Boeing aircraft happened in
the last 6 months, the aircraft selling of this month will significant decreased 2.33 aircraft under
10% significance level. With the fatal accidents number from Airbus as variable in Column (2),
the results are consistent with the previous one. The effect of Boeing accidents is still significant
while the negative effect of Airbus fatal accident on Boeing orders is not statistically significant.
The -1.7222 estimated coefficient of the Airbus Accidents number indicates one more fatal
accident with Airbus aircraft happened in the past six months would decrease 1.72 of the Boeing
aircraft orders on average. This represents a reduced demand from airline carriers leaded by the
public worries of air flights. The last two columns in Table 13 use the fatality number as
explanatory variables instead of the number of fatal accidents. Neither the fatality number of
Boeing fatal accidents nor the fatality number including both Boeing and Airbus accidents shows
significant impact on Boeing orders. But it provides a verification of general worries from public

when the accidents are fatal.
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Table 13. Aggregated Accidents from Last Six Months

Fatal Accident Number Fatality Number
Boeing Orders (1) Boeing Fatal (2) All Fatal (3) Boeing Fatal (4) All Fatal
Accidents Accidents Accidents Accidents
Boeing -2.3313 -2.4202
Accident (1.1998)* (1.2080)**
Airbus Accident -1.7222
(2.5972)
Fatality of -0.0034 -0.0033
Boeing (0.0065) (0.0065)
Accidents
Fatality of -0.0084
Airbus (0.0238)
Accidents
Feb 1.0951 0.9374 0.9330 0.8075
(10.9689) (10.9777) (11.0076) (11.0231)
Mar 15.2461 15.1599 15.3101 15.2182
(10.9687) (10.9758) (11.0079) (11.0208)
Apr 4.1829 4.1271 4.2841 4.1768
(10.9704) (10.9770) (11.0211) (11.0351)
May 12.7226 12.7057 12.8295 12.7330
(10.9710) (10.9772) (11.0262) (11.0394)
Jun 34.4849 34.6130 35.0324 34.9419
(10.9793)*** (10.9873)*+* (11.0333)%*+ (11.0461)%**
Jul 23.3904 23.4457 24.7142 24.6535
(11.0066)** (11.0132)%* (11.0411)%* (11.0522)%*
Aug -0.6570 -0.4441 0.8288 0.8936
(11.0141) (11.0250) (11.0417) (11.0531)
Sep 17.2395 17.3811 18.4993 18.5305
(11.0020) (11.0104) (11.0345)* (11.0447)*
Oct 7.4695 7.5806 8.6920 8.7386
(10.9918) (10.9994) (11.0120) (11.0226)
Nov 24.2552 24.3253 25.5277 25.5635
(10.9918)** (10.9986)** (11.0097)** (11.0200)**
Dec 65.3818 65.3027 66.3138 66.3439
(10.9806)*** (10.9875)*** (11.0083)*** (11.0184)%**
_cons 36.8825 38.1071 30.4161 30.8305
(8.6366)*** (8.8367)%+* (7.9757)%** (8.0682)%**
R-Squared 0.124 0.125 0.118 0.118
N 504 504 504 504
SER 50.26 50.29 50.44 50.49

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses
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5. Conclusion

Based on the analysis of the 737 MAX 8§ crashes, the negative influence on stock return
recovers quickly after the first trading day of the crash. But if people are aware of the statement
that the aircraft problem is responsible for the crash, it will bring significant and continuous loss
to the manufacturer’s stock return. This reversal effect works for the upstream engine company
of aircraft. The Ethiopian crash reveals a significant 7.7 percent unexpected return of Boeing on
the first trading day after the crash and a more than 15 percent significant cumulative loss in the
three days after the crash, while the estimated loss of General Electric is insignificant.

In the product market, both fatal accidents and all accidents with Boeing aircraft have
significant negative effects on Boeing orders, especially for the accidents that happened nine and
ten months ago. The possible reason for the significant long lag effect is that it takes time to
investigate and generate reports of the accident. Accidents with Airbus aircraft have positive
effects on Boeing orders, but the effect is not significant for fatal accidents. There is a
substitution effect between Airbus and Boeing aircraft when accidents are non-fatal. Travelers
are likely to worry about taking flights that further reduce the demand for new aircraft when
there are fatal accidents with either Boeing or Airbus aircraft.

In a nutshell, there are negative impacts on aircraft manufacturers of crashes involving

their aircraft both in the stock and product markets.
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Appendix

Table 14. Monthly Large Fatal Boeing

Boeing Orders Lag 12
Lagl of Boeing large -6.3352
fatal accidents (6.0633)
Lag2 of Boeing large 1.3637
fatal accidents (6.0615)
Lag3 of Boeing large 0.8651
fatal accidents (6.0682)
Lag4 of Boeing large 6.1520
fatal accidents (6.0513)
Lag5 of Boeing large 0.7493
fatal accidents (6.0727)
Lag6 of Boeing large -1.8974
fatal accidents (6.0738)
Lag7 of Boeing large 3.2425
fatal accidents (6.0736)
Lag8 of Boeing large -4.8653
fatal accidents (6.0711)
Lag9 of Boeing large -10.5944
fatal accidents (6.0536)*
Lagl0 of Boeing -2.1360
large fatal accidents (6.0759)
Lagl1 of Boeing -0.2161
large fatal accidents (6.0683)
Lagl2 of Boeing -10.3891
large fatal accidents (6.0331)*
Feb 0.7307
(11.3725)
Mar 14.8232
(11.3497)
Apr 4.5066
(11.3844)
May 15.0065
(11.3798)
Jun 36.9820
(11.4012)***
Jul 25.1600
(11.3615)**
Aug 2.0857
(11.4016)
Sep 20.7943
(11.3885)*
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Table 14 (Cont.)

Boeing Orders Lag 12
Oct 9.9823
(11.3862)
Nov 27.0010
(11.3379)**
Dec 67.7855
(11.3632)***
_cons 31.8561
(8.4554)xx
R-Squared 0.134
N 492
P-Value with 0.6638
accidents variables
P-Value with all 0.0000
variables

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses

Table 15. Monthly Boeing Fatal with Different Fatality Level

Boeing Orders Lag 12 Lag 1
Lagl of Boeing large fatal -4.1397 -5.4696
accidents (6.2381) (6.0917)
Lag2 of Boeing large fatal 3.7009 2.8579
accidents (6.2284) (6.0770)
Lag3 of Boeing large fatal 0.9552 1.0328
accidents (6.2255) (6.0735)
Lag4 of Boeing large fatal 5.4827 5.5500
accidents (6.2326) (6.1067)
Lag5 of Boeing large fatal 3.1989 2.8416
accidents (6.3105) (6.1175)
Lag6 of Boeing large fatal -3.1018 -2.5151
accidents (6.3141) (6.0969)
Lag7 of Boeing large fatal 1.0912 2.4163
accidents (6.2444) (6.0452)
Lag8 of Boeing large fatal -3.2390 -5.3211
accidents (6.2338) (6.0266)
Lag9 of Boeing large fatal -11.9548 -11.6929
accidents (6.2477)* (6.0306)*
Lagl0 of Boeing large -2.5765 -2.5928
fatal accidents (6.2755) (6.0419)
Lagl1 of Boeing large -1.4125 -1.8813
fatal accidents (6.2841) (6.0610)
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Table 15 (Cont.1)

Boeing Orders Lag 12 Lag 1
Lagl2 of Boeing large -10.5237 -10.8992
fatal accidents (6.1873)* (6.0133)*
Lagl of Boeing medium 8.6264 8.8900
fatal accidents (6.8618) (6.6720)
Lag2 of Boeing medium -5.1565

fatal accidents (6.8752)

Lag3 of Boeing medium -5.6046

fatal accidents (6.8130)

Lag4 of Boeing medium 5.8652

fatal accidents (6.7840)

Lag5 of Boeing medium -6.2913

fatal accidents (6.7791)

Lag6 of Boeing medium 3.7636

fatal accidents (6.7641)

Lag7 of Boeing medium 1.1120

fatal accidents (6.7596)

Lag8 of Boeing medium 5.0051

fatal accidents (6.7765)

Lag9 of Boeing medium -6.1751

fatal accidents (6.7720)

Lagl0 of Boeing medium 1.7870

fatal accidents (6.7647)

Lagl1 of Boeing medium -5.3148

fatal accidents (6.7360)

Lagl2 of Boeing medium 2.1570

fatal accidents (6.7079)

Lagl of Boeing small fatal 2.3768 1.5628
accidents (5.3500) (5.2429)
Lag2 of Boeing small fatal -3.5651 -3.5471
accidents (5.3796) (5.2360)
Lag3 of Boeing small fatal -9.6562 -11.5745
accidents (5.4038)* (5.2176)**
Lag4 of Boeing small fatal -11.6279 -10.6090
accidents (5.4135)** (5.2221)**
Lag5 of Boeing small fatal -5.2828 -6.1753
accidents (5.3775) (5.2035)
Lag6 of Boeing small fatal -7.6849 -7.7291
accidents (5.3857) (5.1964)
Lag7 of Boeing small fatal -5.7787 -5.9689
accidents (5.4524) (5.2507)
Lag8 of Boeing small fatal -2.2101 -0.7606
accidents (5.40606) (5.2163)
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Table 15 (Cont.2)

Boeing Orders Lag 12 Lag 1
Lag9 of Boeing small fatal -8.7047 -8.8336
accidents (5.3689) (5.2183)*
Lagl0 of Boeing small -10.4029 -10.6822
fatal accidents (5.3679)* (5.2171)**
Lagl1 of Boeing small -7.8337 -8.2202
fatal accidents (5.4990) (5.3267)
Lagl2 of Boeing small 9.2294 8.5598
fatal accidents (5.4874)* (5.3169)
Feb -1.8182 -0.6109
(11.6250) (11.4157)
Mar 15.5478 14.8756
(11.6774) (11.4458)
Apr 1.2111 2.2195
(11.6532) (11.4176)
May 15.3361 16.4619
(11.6447) (11.3086)
Jun 41.6433 41.1450
(11.6602)*** (11.4049)%**
Jul 25.7840 27.0100
(11.7249)** (11.3799)%*
Aug -0.7027 0.1862
(11.6792) (11.4012)
Sep 17.3145 17.6890
(11.6463) (11.3327)
Oct 11.1211 10.6280
(11.6586) (11.4110)
Nov 28.2230 28.5228
(11.6247)** (11.4249)**
Dec 68.2119 67.0853
(11.6457)%** (11.3766)***
_cons 43.4874 42.8564
(9.3338)* (8.9959)**
R-Squared 0.194 0.185
N 492 492
P-Value with large 0.7012 0.5695
fatalities variables
P-Value with medium 0.8732 0.1834
fatalities variables
P-Value with small 0.0193 0.0089
fatalities variables
P-Value with all variables 0.0000 0.0000

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses
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Table 16. Monthly Aircraft Related Accidents Regression Results

Boeing Orders lag 12 lag 1

Lagl of aircraft-related 0.6712 0.8539

Boeing fatal accidents (5.9130) (5.7066)

Lag2 of aircraft-related 5.1844

Boeing fatal accidents (5.9206)

Lag3 of aircraft-related -5.2400

Boeing fatal accidents (5.9255)

Lag4 of aircraft-related -1.2114

Boeing fatal accidents (5.9291)

Lag5 of aircraft-related -7.4271

Boeing fatal accidents (5.9373)

Lagb6 of aircraft-related -1.0613

Boeing fatal accidents (5.9367)

Lag7 of aircraft-related -3.4066

Boeing fatal accidents (5.9383)

Lag8 of aircraft-related 3.3341

Boeing fatal accidents (5.9389)

Lag9 of aircraft-related -7.6502

Boeing fatal accidents (5.9289)

Lagl0 of aircraft-related -2.7404

Boeing fatal accidents (5.9555)

Lagl1 of aircraft-related 3.9930

Boeing fatal accidents (5.9250)

Lagl2 of aircraft-related 4.2733

Boeing fatal accidents (5.8921)

Feb -0.2453 0.5342
(11.4370) (11.0881)

Mar 15.4014 15.0237
(11.4201) (11.0916)

Apr 4.2334 4.2380
(11.4219) (11.0916)

May 14.9131 12.8332
(11.4464) (11.0916)

Jun 36.3508 35.1358
(11.4564)*** (11.1022)***

Jul 23.3511 24.8739
(11.5014)** (11.1022)**

Aug -0.5253 0.9726
(11.4391) (11.0960)

Sep 18.6172 18.4494
(11.4408) (11.0996)*

Oct 6.9842 8.5644
(11.4168) (11.1022)
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Table 16 (Cont.)

Boeing Orders lag 12 lag 1

Nov 24.3011 25.2688
(11.4118)** (11.0876)**

Dec 64.6052 65.9865
(11.4334)*x* (11.0881)***

_cons 31.9913 29.7114

(8.6522)*** (7.9654)***

R-Squared 0.130 0.117

N 492 503

P-Value with accidents 0.8294 0.8811

variables

P-Value with all 0.0000 0.0000

variables

* p<0.1; ** p<0.05; *** p<0.01
Standard errors in parentheses
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