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Abstract

Legal liability claims against airlines and airplane manufacturers following an aviation accident are determined through a myriad of international treaties, intercarrier agreements, and federal and state laws.  Which law applies in a specific situation depends on various circumstances surrounding the accident.  As a result, pecuniary and non-pecuniary damage awards for the families of the accident victims may vary substantially from case to case.  Our study examines how aviation accidents affect the short and long-term performance of airlines and airplane manufacturers and explores the factors that drive the performance differences.  While prior research has largely focused on brand name effects and rising insurance premiums as possible determinants of stock price losses, our results suggest that the regulatory environment that applies to a given aviation accident has a significant impact on how the market reacts to its announcement.  Inequities in the valuation of a human life are clearly reflected in stock price reactions.  While recent regime changes have helped eliminate some of these imbalances further reform may be necessary. 
I.
Introduction

This paper examines the short-term and long-term stock price performance of airlines and airplane manufacturers following aviation accidents. Although air travel safety has improved significantly in recent years and represents one of the safest modes of traveling large distances,
 accidents occasionally do happen. Once an accident occurs – whether caused by human error, mechanical failure or deliberate criminal or terrorist activity – it is often severe and entails the loss of many human lives. As a result of an airplane crash, airlines are frequently the target of a plethora of legal liability claims filed by the surviving relatives of the accident victims. In addition, in cases where design flaws or manufacturing errors are believed to have caused the accident, airplane manufacturers are often sued as well.

The rights of the victims’ families to recover damages from the airlines are limited by a veritable thicket of legal obstacles: the Warsaw Convention, the Death on the High Seas Act, various state and federal laws, and intercarrier agreements.  As a result, monetary damages that the victim’s families may claim can literally vary from zero to millions of dollars (Kolczynski, 2001). 
While the extant literature provides ample evidence of a significant stock price decline for airlines and airplane manufacturers following airplane crashes, the source of the stock price reaction is still under debate.
  Airlines are generally insured against hull losses and damages to third party property.  In addition, aviation insurers provide coverage for most legal liability claims that may be brought against airlines and airplane manufacturers by the victims of a crash.
  Because insurable losses should have no effect on a company’s future cash flows, academic research has largely focused on uninsurable losses resulting from increased regulatory oversight (Rose, 1992), loss of consumer goodwill (Chance and Ferris, 1987, Borenstein and Zimmerman, 1988, Mitchell and Maloney, 1989, and Bosch et al., 1998), and rising insurance premiums (Mitchell and Maloney, 1989).
  
Borenstein and Zimmerman (1988) argue that an airplane crash may affect demand in two ways. First, if passengers perceive that air travel safety has declined system-wide (e.g., as a result of terrorist threats or the revelation of regulatory oversight failures that are believed to affect the entire industry), the aggregate demand for flights may decline as travelers use other modes of transportation instead.  This spillover (or “externality”) effect is likely to have an impact on all firms in the aviation industry.
  Second, if passengers attribute the fault only to the airline that operated the crashed aircraft, they may avoid flying with that airline and switch to one of its competitors.
  This would leave aggregate demand for flying unchanged but would cause intra-industry demand shifts away from the crashed airline to its rival firms, i.e. a positive spillover effect.
Borenstein and Zimmerman test both hypotheses using a sample of 67 fatal accidents between 1962 and 1985. While they find some evidence of a demand decline for the affected airline, their results do not support a spillover effect.  In a more recent study, Bosch et al. (1998) note that Borenstein and Zimmerman failed to properly distinguish between different types of non-crash airlines based on how they might be affected by a competitor’s crash. To account for this, Bosch et al. employ a sample of 25 crashed airlines and 250 non-crashed airlines, the latter of which are further divided into two groups based on the degree of overlap their routes have with those of the crashed airline. Bosch et al. argue that this procedure allows for a better separation into rivals and non-rivals. Their results suggest the presence of both types of externality effects: rivals that compete directly with the crashed airline because they have a large number of shared routes experience increased demand as passengers switch to them, while non-rivals experience a reduction in bookings as aggregate demand declines. 
In addition to demand effects, some authors suggest that rising insurance premiums are responsible for a company’s stock price decline. Mitchell and Maloney (1988) employ a sample of 56 crashes that occurred between 1964 and 1987 and investigate the impact of accidents on an airline’s equity value and insurance premiums. They observe a statistically significant increase in insurance premiums following an airplane crash which helps explain about 38 percent of a crashed airline’s loss in equity value. Similarly, Hayes et al. (2006) document a significant increase in insurance premiums for the entire airline industry in the aftermath of 9/11.
The repercussions of accidents for airplane manufacturers have previously been studied by Chalk (1986, 1987) and Chance and Ferris (1987). Chalk (1986) studies the effect of a single accident – the May 25, 1979, American Airlines DC-10 crash in Chicago – and observes that McDonnell-Douglas lost about $200 million in market value following the crash. He attributes the associated stock price decline to the market anticipating a reduction in future sales of McDonnell-Douglas aircraft. In his 1987 study, Chalk employs a sample of 76 accidents, 23 of which were likely due to defects in the aircraft (“suspect cases”), and 53 that were caused by other factors. He finds significant stock price declines for manufacturers in the 23 suspect cases but no significant price reaction in the remainder of his sample.
  He further separates the 23 suspect cases into 19 that involved airplanes still in production and 4 that involved airplanes that were no longer produced at the time. The stock price declines are not significant in the latter group from which Chalk tentatively concludes that expectations of lost future sales are in part responsible for the decline in firm value.  
Our study extends this literature in several ways: First, we provide the first comprehensive analysis of both the short- and long-term stock price performance of airlines and airplane manufacturers following aviation accidents using a sample that covers almost the entire history of civil aviation from 1950 to 2004.  Second, unlike prior studies that primarily draw their conclusions from univariate comparisons of abnormal performance measures between two or three subsamples, we employ a series of regression models that control for possible interactions between a variety of explanatory factors.  What interests us particularly is whether investor reactions depend on the laws and regulations that govern a given accident.  Although the extant literature has largely ignored the regulatory environment when examining stock price reactions – likely because legal liability claims are generally covered by insurance – we find strong evidence that suggests that differences in legal frameworks help explain a considerable part of the abnormal stock price reaction following an accident.  While legal liability costs may not be directly associated with a stock price loss, we argue that they are indirectly reflected in future insurance premiums.  As such, our results also provide support for Mitchell and Maloney’s (1989) hypothesis that a large part of an airline’s stock price reaction can be attributed to rising insurance costs.  Finally, we examine whether investors react rationally to accident announcements. We fully expect airline and airplane manufacturer stocks to drop after a accident. What interests us from an academic point of view is whether investors are able to quickly predict the fair price of an airline stock after a crash, as is suggested by the efficient market hypothesis of Fama (1970, 1991). Our results indicate otherwise, i.e. we find a clear violation of the efficient market hypothesis, as initial stock price declines for airlines during the first day of trading are consistently followed by additional declines during the following week. Our results are robust to the removal of outliers and the crashes that occurred in connection with the September 11, 2001 (9-11), terrorist attacks. Airplane manufacturer stocks show a similar prolonged reaction which is not significant at conventional levels, however.
The paper is organized as follows. In the following section, we discuss the legal and regulatory environment governing aviation accidents. In Sections III and IV, we describe our data sources, define variables, and provide descriptive statistics for our dataset. Section V explains the methodology used to examine the stock performance of airlines and airplane manufacturers following aviation accidents.  Section VI presents the empirical results of our analysis. We discuss the importance of our results and provide concluding remarks in Section VII.
II.
Aviation Laws and Regulations
The families of accident victims traveling on a domestic itinerary can sue the airline and, if the crash was caused by mechanical failure or a manufacturing error, the airplane manufacturer, under state laws claiming both pecuniary (economic) and non-pecuniary damages (Kolczynski, 2001). Pecuniary damages include medical expenses and lost wages suffered by those who are personally injured. The families of those passengers who were killed can recover pecuniary damages for the lost support no longer provided by the decedent. 
In addition to pecuniary damages, most states allow the recovery of non-pecuniary (non-economic) damages which may exceed pecuniary damages.  In the case of personal injury victims, non-pecuniary damages are recoverable for pain and suffering. In death cases, the families of the decedents are usually allowed the recovery of non-pecuniary damages for the loss of care, comfort and society. In addition, some states allow pre-impact (non-pecuniary) pain and suffering damages for the time the person consciously suffered after being harmed but before dying.

If a passenger was ticketed on an international itinerary, state laws generally do not apply. In that case, the damages that a victim’s family can claim are regulated by the 1929 Warsaw Convention. The Warsaw Convention is an international treaty that controls the legal rights of international travelers. It was originally designed to establish a level playing field for all international travelers and to protect the airlines against excess damage liability. 

The Warsaw Convention also provides airlines with a direct pecuniary protection — a liability damage limit for injuries and death based on an artificial monetary unit called a Special Drawing Right (SDR).  From 1929 to 1966, an airline’s liability was limited to 100,000 SDRs, equivalent to about $8,300 (U.S.). Subsequently in 1966, the limit was raised to $75,000 (U.S.) by the Montreal Agreement that amended the Warsaw Convention. 

For many years, leading aviation attorneys and airline survivor groups applied intense pressure on U.S. legislators to achieve a reform that would eliminate the inequity imposed on American passengers who got injured or died while traveling internationally. These pressures led to threats by the United States to pull out of the Warsaw Convention and denounce the treaty. The arlines – aware that the end of the Warsaw Convention would expose them to unlimited liability –voluntarily entered into an Intercarrier Agreement in 1997, waiving the $75,000 liability limit and allowing damage claims to be limited only by the laws of the country in which the victims resided.
The Convention for the Unification of Certain Rules for International Carriage by Air, signed at Montreal in 1999 ("the Montreal Convention") has been ratified by the United States and is now in effect.  The Montreal Convention establishes a liability regime for international air transportation and streamlines documentation procedures for air cargo by encouraging the use of automated information systems.  The Montreal Convention preserves many aspects of the Warsaw Convention but features a new two-tier system of determining carrier liability for the death or injury of passengers in the event of an accident. This should allow for faster and less costly resolution of legal actions should an accident occur.  Under the first tier of the two-tier system, the carrier assumes absolute liability for all claims valued up to 100,000 Special Drawing Rights (SDR). However, under the second tier, carriers can mount a legal defense against any claims above 100,000 SDR.
The coming into force of the Montreal Convention also means that:

· carriers must maintain adequate insurance to cover their potential liability; 

· legal action for damages can be initiated in their country of nationality for people involved in accidents while traveling outside of their country of nationality, as long as the carrier in question is active in that country; and 

· carriers are authorized to simplify and modernize documents such as electronic tickets for passengers and waybills for cargo. 
In addition to the laws governing international air travel, there is one body of law in the United States that denies survivors any recovery for non-pecuniary damages (c.f., Kolczynki, 2001). Those who are killed in a crash on the ocean, outside of the territorial limits of the United States, face severe restrictions on damage recovery.  The Death on the High Seas Act (DOHSA) is a federal statute passed by Congress in 1920 to protect the families of those persons killed on the oceans. Over the years, the courts have interpreted the Act as applying to all deaths on the “high seas” including air crash deaths outside of the U.S. territorial waters.
  Under DOHSA, a survivor’s damage recovery is restricted to the recovery of pecuniary damages only. Because of this restriction, families of victims who did not provide monetary support (frequently including children, retired workers, single adults, or parents who are no longer supporting their children) may be precluded from recovering damages whatsoever. Airlines are not the only defendants protected by DOHSA. The act also applies to other defendants, including manufactures, airports, service providers, and the U.S. government.

III.
Data

We collect data on aviation accidents as published by the U.S. National Transportation Safety Board (NTSB). On its website (www.ntsb.gov) the NTSB provides information on airline accidents dating back to 1935. For accidents that occurred after October 31, 1994, the NTSB provides a detailed description of the accident including the cause of the accident, the number of fatalities, etc.

Because the NTSB does not provide detailed accident information for accidents prior to October 1994, we accessed additional online databases including www.aviation-safety.net, www.airaccident.com, and www.airaccidents.co.uk to complete our data set. To ensure consistency in our sample formation we cross-referenced and compared overlapping records between the databases. We did not find any inconsistencies in their data.  To ensure that we can analyze the impact of regulatory changes in an otherwise uniform legal environment, we exclude aviation accidents involving non-U.S. carriers from our sample.
We retrieve daily stock price returns, adjusted for dividends and stock splits, and information on the daily market capitalization for all publicly traded U.S. airlines and airplane manufacturers from the Center for Research in Security Prices (CRSP).  Because CRSP data is only available after July 2, 1962, we retrieve daily stock returns for airlines and airplane manufacturers involved in aviation accidents prior to 1962 from historical issues of the Wall Street Journal. We choose the Standard and Poor’s S&P500 index to proxy for market returns as it is one of the few indexes that is continuously available throughout our sample period.

*** Insert Table 1 about here ***

Table 1 provides summary statistics for our sample. As shown in Table 1, our dataset includes information on 174 airline accidents involving airplanes owned by publicly traded U.S. carriers between January 1, 1950 and December 31, 2004. More than 11,800 people lost their lives in these accidents.
  Out of the 174 accidents, 137 involve airplanes manufactured by a U.S. airplane manufacturer such as Boeing, McDonnell Douglas, Fairchild or Lockheed Martin.  The remaining 37 accidents involved planes produced by non-U.S. manufacturers. We did not have access to stock price data for foreign manufacturers, thus we exclude these accidents from those parts of our analysis that focus on the stock price reaction for manufacturers.
IV.
Variable Definition and Preliminary Analysis
Firm and Accident Characteristics
For each airline accident we record a variety of variables including the name of the airline, the manufacturer and type of the aircraft involved, the date and location of the accident, and the number of fatalities in the air and on the ground. In addition, we define a dummy variable that indicates whether the plane was traveling domestically or internationally.

Given that damage claims for passengers booked on domestic itineraries are not limited by the Warsaw Convention, we expect a larger stock price reaction for crashes involving domestic flights.  To distinguish between the different legislative periods that apply to international flights, we create three dummy variables that indicate which law was in effect at the time, i.e. the original Warsaw Convention, the 1966 Montreal Amendment, or the 1997 Intercarrier Agreement.  We further create a dummy variable that indicates whether the crash occurred on land or on the high seas, where it falls under the limitation of DOHSA.

*** Insert Table 2 about here ***

To provide some insight into whether market reactions vary across different types of airlines, we classify airlines into regional versus national carriers.  This classification also allows us to control for the asymmetrical demand changes documented by Bosch et al. (1998) based on an airline’s degree of flight route domination.
  Finally, to control for the size of the involved firms, we calculate the natural log of the market capitalization of the airline and the airplane manufacturer on the day of the accident. This helps resolve problems related to non-normality that we encountered for both variables during our preliminary analysis and allows for a percentage-based interpretation of the regression coefficients for these variables.
  For consistency, we discount each firm’s market capitalization back to 1950 using CPI inflation rates published by the Bureau of Labor Statistics (BLS). An exact variable definition is provided in Table 2, Panel A.
Classification of Accident Causes

In Panel B of Table 2, we further characterize our sample based on the reported accident causes. We hypothesize that the cause of an accident influences the way the market reacts to the corresponding news announcement. A flock of birds flying into an engine, for example, is likely to be followed by fewer legal claims against the airline and less media coverage than a pilot error or the discovery of maintenance flaws on behalf of the ground crew.

Similarly, we expect that airplane manufacturers should not be affected if the accident was caused by pilot errors or natural causes, but do expect a significant stock price reaction if the accident was caused by mechanical failure, i.e. a design flaw or manufacturing error, that will likely entail legal claims against the manufacturer and a possible loss of future orders (see also Chalk, 1986, 1987).
To ensure that our analysis is only based on publicly available information, i.e. information that investors could actually react to, we accessed various news services including Lexis/Nexis, Bloomberg and Reuters and determined what causes were reported in the initial news reports about the accident. If the accident cause did not fall under one of the above categories or if the cause was unknown within 24 hours of the accident and was only later determined by the NTSB or FAA, we classified the accident as “other/unknown”.

Descriptive Statistics and Correlation Analysis
Table 3 provides descriptive statistics for our sample and presents correlation coefficients among all the variables used in our subsequent analysis. For the 174 accidents in our sample, the average (median) discounted firm size is approximately $4.3 ($44.9) million. Airplane manufacturers are somewhat larger with a mean (median) firm size of $33.3 ($197.3) million, respectively.
,
  The mean (median) number of fatalities per accident is 68 (28). Only 5.75% (or 10 out of 174) crashes involved regional airlines, over 96% occurred on or above land, and approximately 80% involved domestic flights. Initial news reports attributed about one third of all the accidents in our sample to human errors by the airlines’ maintenance personnel or flight crew (15 and 47 crashes, respectively).  Natural causes accounted for 29 crashes, mechanical failures for 25, air traffic control errors for 10, and criminal/terrorist acts for 13.  The cause of 28 crashes was undermined within 24 hours of the crash and 7 crashes did not fall under one of the above categories.
*** Insert Table 3 about here ***

While most correlation coefficients we report in Table 3 are small in absolute magnitude and statistically insignificant, there are a few coefficients that are highly correlated and require follow-up in our subsequent analysis to avoid potential multicollinearity problems. We will address this issue in Section VI.
V.
Methodology

We use event study methodology to measure the abnormal stock price performance of airlines and airplane manufacturers following aviation accidents. Event study methodology measures the abnormal return of a stock as the difference between the actual return and the expected return, around the time of an event.  Event studies draw on the efficient market hypothesis of Fama (1970, 1991) which states that capital markets are efficient in processing information by establishing a correct new stock price equilibrium as soon as new data about a firm becomes available. The logic underlying the hypothesis is the belief that investors in capital markets process publicly available information on firm activities and external events influencing a firm, and that they consider not just the impact on current performance but also on the performance of the firm in future periods. When additional information becomes available, the firm’s stock price should change rapidly and should reflect investors’ revised consensus of the firm’s future profitability.

There are numerous ways to examine the short- and long-term impact of a given event on a company’s stock price performance. While short-term abnormal performance is typically measured using cumulative abnormal returns (CARs), critics have argued that CARs tend to overstate a company’s abnormal performance and show poor statistical properties in the long run.

Since Ritter (1991), buy-and-hold abnormal returns (BHARs) have become the standard in long-term performance studies (see Barber and Lyon, 1997, and Lyon et al., 1999).  BHARs measure the average excess return from a strategy of investing in a given set of firms that are affected by an event and selling at the end of a prespecified holding period versus a comparable strategy that uses otherwise similar non-event firms (see Mitchell and Stafford, 2000). Because returns are compounded rather than added, Barber and Lyon (1997) and Lyon et al. (1999) argue that BHARs are preferable over CARs as they “precisely measure investor experience” in the long run.  Yet, while tests based on CARs tend to be somewhat poorly specified in long-term studies, Ritter (1991) and Barber and Lyon (1997) note that CARs and BHARs can be used to answer different questions. Consider, for example, a 250 trading-day CAR and the corresponding BHAR.  As noted by Barber and Lyon, dividing the 250 trading-day CAR by 250 yields a mean daily abnormal return. Thus, a test of the null hypothesis that the 250 trading-day CAR is zero is equivalent to a test of the null hypothesis that the mean daily abnormal return is zero – it is not a test of the null hypothesis that the mean annual abnormal return is zero. The latter can only be tested by using the annual BHAR. While most studies only report CARs when examining short-term abnormal returns and BHARs when considering long-term performance, we purposefully report the two measures side-by-side for all event periods. This allows for some important insights into the relationship between the two measures and is intended to outline potential mistakes that can be made when using the wrong measure in a given circumstance.
In addition to selecting a suitable abnormal return measure, researchers have to decide on an appropriate benchmark against which abnormal returns are measured and on the proper test statistics. Our benchmarks and test statistics are based on the recent seminal works of Boehmer et al. (1991), Barber and Lyon (1997), Kothari and Warner (1997), and MacKinlay (1997). Abnormal returns for all models used in our event study can generally be expressed as follows:
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where ARit is the abnormal return for security i on day t, Rit is the actual return, and E(Rit) is the expected return, i.e. an estimate of what the price of the stock would have been had the event not occurred.

Short-term event studies commonly use a market model approach to predict the expected return for a security (MacKinlay, 1997).  The expected return for security i on day t can be derived by regressing the price of the stock against a market index prior to the event. The estimated coefficients from that regression are then used to calculate the predicted returns of the stock over the event window, while controlling for movements in the market index (see Brown and Warner, 1985, and MacKinlay, 1997).  For this study, we use the S&P 500 index to proxy for the market.  The date of the event is denoted as t = 0. To estimate the expected return we use data from t = (-750,-1); i.e. 750 trading days (or approximately three years) of pre-event data. Several other intervals were considered with no significant difference in the results. 
Cumulating daily abnormal returns across a period of T days yields the cumulative abnormal return (CAR):
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To control for the possibility that an airplane crash affects not only the returns of a firm but also its risk, we employ the methodology first proposed by Boehmer et al. (1991) in defining an appropriate test statistic for the resulting CARs.  Under Boehmer et al.’s method – also called a “standardized cross-sectional” test – event period returns are first standardized using the estimation period standard deviation and a cross-sectional test similar to that of Penman (1982) is then applied to the standardized residuals (see Boehmer et al. (1991, pgs. 269/270), for a detailed specification of the test statistic).  Besides resulting in a more powerful test than more conventional approaches, Boehmer et al.’s method also benefits from the fact that both the size and the power of the test are unaffected when applied in event studies that are subject to industry clustering or event-date clustering
, i.e. when there are spillover effects or overlaps in the estimation or event windows of the included securities.
  In addition, because Boehmer et al. (1991) observe that non-parametric tests – which make no assumptions about the distribution of abnormal returns – are almost equally powerful, we also perform a Wilcoxon signed-rank test to test for the significance of CARs.  The Wilcoxon signed-rank test represents a hybrid of the sign test and the rank test, two non-parametric tests that are also frequently used.
  
To examine a company’s long-term performance following a crash, we focus our attention on buy-and-hold abnormal returns (BHARs).
  As noted earlier, BHARs have become the standard method for examining a firm’s long-term abnormal performance. Yet, BHARs estimations are subject to a series of potential biases that have to be accounted for. Kothari and Warner (1997), for example, note that long-term studies are frequently affected by a survivorship bias caused by firms being delisted.
  Moreover, Barber and Lyon (1997) identify three potential biases – a new listing bias, a rebalancing bias and a skewness bias
 – which can affect long term performance studies.  We follow their methodology to address these biases (see our discussion below).  Finally, it is important for the expected return of a security to be well predicted as any mistakes resulting from a misspecified model, once compounded over a long period of time, can lead to severe inference errors. While model misspecifications are unavoidable,
 the extant literature provides several solutions addressed at minimizing them that we follow in our study.

We define the buy-and-hold abnormal return for firm i over a period of T days, BHARiT, using the same notation we used for our CAR model in equation (2):
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with a test statistic based on Barber and Lyon (1997) that is in the form
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where 
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is the sample standard deviation of abnormal returns for the sample of N firms. As before, we also perform a non-parametric Wilcoxon signed-rank test to ensure the robustness of our results.
When estimating BHARs, especially in the long-run, it is common to use a benchmark other than a market index to predict the expected return for a security, E(Rit).  Market model approaches – although well-suited for short-term predictions – have been shown to provide poor predictions of long-term performance. Yet, there are several other ways to select an appropriate benchmark.

In industry-specific studies (see, for example, Markovitch et al., 2005), the performance of event firms is typically compared to the performance of non-event firms that operate in the same industry.  The benchmark is thus defined as an index that measures the performance of all non-event firms in the same industry, assuming that these firms are unaffected by the event.
  While the approach appears compelling and may be suitable for industries where externality effects are negligible, there is ample evidence of intra-industry spillover effects in the aviation industry (see Bosch et al., 1998).  Given these results, using any kind of benchmark that is based on a portfolio of rival firms would almost certainly lead to unreliable inferences.

Another approach that is typically used in broader, i.e. non-industry specific, studies employs benchmarks that are based on other (usually quantitative) firm characteristics. Barber and Lyon (1997) and Mitchell and Stafford (2000), for example, propose using a control group of firms (irrespective of their industry) such that each event firm is matched with a control firm that is closest in terms of size and market-to-book ratio. Barber and Lyon (1997) and Lyon et al. (1999) show that a one-to-one matching procedure of this kind yields well-specified tests.  The approach is based on Fama and French (1992) who report that cross-sectional stock returns are correlated with firm size and the market-to-book value of equity.
  We follow this approach and select a control firm for every event firm in our sample by minimizing the global distance between the two firms as follows:
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where di is the Eucledian distance between the event firm i and control firm c. SIZEi and SIZEc are the market capitalizations of firm i and control firm c one day before the crash, and MTBi and MTBc are the market-to-book ratios for the two firms, calculated at the end of the previous year.
  Finally, 
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 are the cross-sectional variances of the average market values and market-to-book ratios, respectively.  In addition to minimizing equation (5) for every control firm, we add one additional criterion, namely that firms in the benchmark may not be in the airline or airplane manufacturing industry. This helps avoid exactly those externality effects that would have biased the industry-based benchmark we considered above.

Finally, to shine some light on the cross-sectional determinants of the stock market’s reaction to an aviation accident announcement we explore the relation between the abnormal returns around the event and various factors that describe the accident as well as the involved firm itself. We use OLS regressions as follows:
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where YiT is either the CAR or BHAR for firm i during period T, x1i,…, xni  are n factors that describe firm i or the aviation accident involving the firm, and 
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 are the regression coefficients for our model.
When regressing abnormal returns against factors that describe a given event or the affected firm, MacKinlay (1997) advises that the residuals of a model similar to that of equation (5) may not be homoskedastic. To account for this possibility, we follow MacKinlay’s suggestion and use White (1980) heteroskedasticity-consistent standard errors when testing for the significance of our regression coefficients (see also Asquith and Mullins, 1986, and Prabhala, 1997).

VI.
Results

We start our empirical analysis by examining the stock price reaction of airlines and airplane manufacturers to aviation accidents over various time horizons after the event. Because we were unable to identify for every accident whether it took place prior to or after the market close, we measure an airline stock’s immediate price reaction as the cumulative abnormal return during days 0 and 1. This ensures that if the event took place or was announced after 4:00pm Eastern time (the close of the major U.S. stock markets), we capture the market’s reaction on the day after the event.

Table 4 provides an overview of our results. Despite considerable differences in the way CARs and BHARs are estimated, we find that both measures provide largely similar results in the short run, indicating a significant price decline for both airlines and airplane manufacturers.  
For airlines, the average price decline within the first two trading days, i.e. in a (0,1) event window, is approximately 2.49% (based on CARs) or 2.33% (based on BHARs). Both abnormal return measures remain negative and significant until three months after the crash.  The magnitude of the abnormal returns for airplane manufacturers is consistently smaller and ranges between -0.8 and -1.3 percent during the first seven trading days following the announcement. In addition, the negative impact of aviation accidents on airplane manufacturers is clearly not as persistent as for airlines. 
*** Insert Table 4 about here ***

Some of the results presented in Table 4 deserve special attention: First, despite the immediate stock price decline we observe during the (0,1) event window, airline stocks also show clear signs of a delayed reaction. Specifically, we observed in unreported tests that the 2.49% price decline during that period is followed by six consecutive average abnormal returns that are all negative and accumulate to an additional stock price drop of 1.26% (based on CARs). This price drop is significant in itself at the 5% level under both a parametric and nonparametric test design. 
In addition to examining the delayed stock price reaction during this (2,7) event window, we also considered other post announcement windows. The delayed reaction is also significant in other short-term tests, e.g. in a (2,3) or a (2,5) window, but gradually loses its significance when considering longer timeframes. Finally, while the figures in Table 4 suggest a slight recovery after day 7, subperiod tests applied after that day could not establish that the recovery is statistically significant.
Our results are somewhat surprising as they are inconsistent with the efficient market hypothesis that states that stock prices should immediately and correctly adjust to an announcement and that delayed price declines should not be observed.
  The delayed reaction could be explained if we assume that there are additional news releases in the days after a accident and that the majority of those news releases convey negative information, e.g. upward revisions in fatality estimates, attribution of the fault to the airline, etc.  Nevertheless, if crash announcements indeed have a tendency to be followed by additional bad news, those expectations should be priced into the stock without a delay.
 

What is even more surprising is that this apparent anomaly continues to exist. In fact, earlier studies by Chance and Ferris (1987) and Bosch et al. (1998) document a similar delayed reaction.  While Chance and Ferris provide no clear indication of how large the continued stock price drops are, Bosch et al.’s findings suggest that the initial price decline of 2.1% they observe within a (0,1) event window is followed by an additional price drop of 2.53% in the following 5 days.
  Even if the anomaly existed for a given period of time and was overlooked by investors, the efficient market hypothesis predicts that the very revelation of it by earlier studies should have caused it to disappear.
  
To examine whether the delayed stock price reaction is persistent throughout our sample period, we divide our sample into six sub-periods of approximately nine years each.  Notwithstanding recent technological advances in the form of the Internet and investors’ access to real-time trading platforms, and despite the revelation of the anomaly in earlier studies, we observe that the delayed stock price reaction is significant at the 10% level in five out of the six subperiods examined.
  Although it is slightly stronger during the earlier part of our sample it remains significant during later years, even when ignoring the crashes that occurred in connection with the 9-11 terrorist attacks or other outliers.  These findings suggest a somewhat inefficient market reaction to accident announcements. Specifically, our results suggest a post-accident downward-drift in stock prices that should not be observed in an efficient market.  
Another observation that requires attention is the degree to which our CAR and BHAR estimates diverge in the long term. Even though our long-term analysis covers no more than 250 trading days, we observe a significant upward bias in our CAR estimates, causing what appears to be a significant positive stock price reaction for airplane manufacturers within a period of six to twelve months after a crash. While it is not entirely unplausible that some crashes could lead to a positive price reaction for manufacturers,
 it is unlikely to affect more than a few firms in our sample and even less likely to occur so late.  Rather, it should be noted that long-term CAR estimates have a natural tendency to overstate a firm’s abnormal performance in the long-term.  Fama (1998), for example, argues that even a minor model misspecification can produce a spurious abnormal average return that eventually becomes statistically significant in long-term CAR estimations.  While the bad model problem also affects BHAR estimates, it is generally less pronounced. Thus, while our BHAR estimates also suggest a slight recovery for airlines and airplane manufacturers in the long-term, it is much smaller than the one suggested by our CAR estimates.
 
Univariate Analysis

To provide some intuition for the variables we use in our subsequent regression analysis and to allow for a comparison of our results with earlier studies, we perform a series of univariate tests in which we examine whether mean and median cumulative abnormal returns for airlines and airplane manufacturers differ across various subsamples of our dataset.
  We use two-sample t-tests to test for the significance of differences in means and Kruskal-Wallis median tests to test for the significance of differences in medians between each set of subsamples. Median tests have the advantage of being more robust to outliers and extreme observations. We construct subsamples based on various factors that characterize the respective firm or the accident. Our results are presented in Table 5.

*** Insert Table 5 about here ***

We observe that airline characteristics explain little of the differences we observe in CARs. Factors that pertain directly to the accident, however, provide interesting insights into the reasons why investors react differently to various types of aviation accidents. In particular, we observe that domestic airline accidents cause significantly larger price declines during the first week of trading (-4.59 percent) than accidents that occur on international flights (-0.52 percent).  This is in line with our expectations and suggests that investors incorporate expected legal claims (which tend to be significantly higher for domestic passengers) and associated insurance premium hikes into their trading decisions.
  We also observe significant differences among international accidents themselves.  In particular, the stock price reaction for international accidents that occurred after the 1997 Intercarrier Agreement tends to be significantly larger than for crashes that occurred prior to 1997.  In the same vein, we observe that accidents that occurred on or above land entail a significantly larger stock price reaction (-3.89 percent) than accidents that occurred on the high seas (0.28 percent). Similarly, we observe that accidents that led to more than 100 fatalities caused a significantly larger stock price decline (-7.67 percent) than accidents in which less than 100 people died (-3.09 percent).  While we have not yet controlled for other potential factors, all of these results suggest that investors take potential legal liability claims into consideration when reacting to a accident announcement.  Finally, we investigate whether criminal or terrorist acts cause a larger stock price reaction than other types of accident causes.  Punitive damage awards for the plaintiffs tend to be particularly high in such cases as plaintiff lawyers are often successful in arguing that the airline was grossly negligent in allowing a weapon or explosive device to be brought on board.  In addition, we hypothesize that the bad publicity arising from such an incident and aggregate demand declines caused by fear of future attacks cause a stronger market reaction. Our expectations are supported as we observe a significantly larger stock price reaction for crime and terrorist related crashes (-9.85 percent) than for other accident causes (-3.26 percent), which remains significant even if we exclude the 9-11 related crashes.
When examining differences in CARs for manufacturers, we observe again that expected legal liability claims appear to play a major role in how investors react to a accident announcement. Again, we observe a significantly larger negative abnormal return associated with accidents on domestic flights (-1.74 percent) than for crashes involving international flights (0.69 percent) as well as significant differences between the two legislative periods around the 1997 Intercarrier Agreement.  The conflict between legal liability considerations and economic benefits due to potential replacement orders is most prominently reflected when we partition our sample into accidents that occurred on or above land and crashes that occurred on the high seas.  For the former group we observe a stock price drop of approximately 1.33 percent, while average abnormal returns following accidents on the high seas are actually positive (1.85 percent).
 
Crashes involving more than 100 fatalities cause an abnormal stock price reaction of -2.11 percent, which is significantly larger than the price decline we observe for crashes that involve less than 100 fatalities (-1.02 percent).  Similarly, crashes blamed on mechanical failure cause an average stock price drop of 1.90 percent, while other reported causes result in a stock price drop of only 1.03 percent. Manufacturers are frequently named as codefendants in crashes involving mechanical failures which may cause this difference. We do not observe any significant differences between large and small manufacturers or between the two legislative periods around the 1966 Montreal Agreement.
Regression Analysis

Because univariate analysis only allows us to examine the impact of one factor at a time without controlling for changes in other variables, we perform ordinary least squares (OLS) regressions for airline and airplane manufacturer CARs and BHARs during various event windows after each accident.

*** Insert Table 6 about here ***

In Table 6, we present results for six regressions in which we regress the abnormal returns for airlines against a variety of variables that characterize both the airline itself and the accident it experienced. Our discussion focuses on the second column in which we present regression results for the abnormal return the airline experienced during its first two days of trading, i.e. during a (0,1) event window. To test for possible multicollinearity among our regressors, we calculate the variance inflation factors for each variable. While the variance inflation factors for some of the variables are high (>5.0), our inferences are not significantly affected if we exclude them.

Our findings are largely consistent with the results from our univariate analysis. We observe that accidents involving domestic flights, accidents resulting in many fatalities, and accidents caused by criminal and terrorist acts cause significantly larger price declines.  On the other hand, firm size, as measured by the natural log of the airline’s discounted market capitalization one day before the accident (which was insignificant in our univariate tests), now becomes significant in our regression model. Specifically, larger airlines experience a larger stock price drop than smaller airlines. From a litigation perspective, this is consistent with findings by Alexander (1991) who argues that plaintiff law firms preferentially seek out “deep pocket” defendants in hopes of extracting larger settlement funds.  At the same time, larger airlines are more likely to operate large planes that, if involved in an accident, can lead to more fatalities.  Finally, large airlines tend to share their routes with other large carriers which makes them more susceptible to suffering from intra-industry demand shifts. While we try to control for these factors in our regression setup, it may be possible that our size variable still captures some of these interrelationships. While the economic interpretation of most of our regression coefficients is straightforward (the regression coefficient of -0.069 for land crashes, for example, suggests that – other factors held constant – a land crash leads to a 6.9% larger stock price decline than a crash on the high seas), the fact that our market capitalization variable is logged makes its interpretation somewhat challenging.  Berenson et al. (2001) suggest interpreting logged coefficients based on percentage changes. Under this approach, our results suggest that a 100 percent increase in firm size causes a firm’s stock price drop to be 0.34 percent larger.

We differentiate between the laws that determine legal liability claims against the airline by employing three dummy variables: one that indicates that the accident occurred on a domestic flight and thus falls under applicable state laws, one that indicates that the accident occurred on an international flight and falls under the 1966 Montreal Agreement, and one that indicates that the accident occurred on an international flight and falls under the 1997 Intercarrier Agreement. This way, the resulting regression coefficients represent abnormal performance differences relative to the excluded category, i.e. international accidents governed by the Warsaw Convention.  In addition, we employ a dummy variable that distinguishes between crashes that occurred on land and crashes that occurred on the high seas where they are regulated under DOHSA.

Although negative we observe that the coefficient for international crashes regulated by the Montreal Agreement is insignificant, suggesting that investors paid little attention to the increase in allowable liability claims from $8,300 to $75,000 after 1966.  On the other hand, the coefficients for domestic crashes and international crashes that occurred after the 1997 Intercarrier Agreement are negative and highly significant, suggesting that investors took the heightened risk of large legal liability claims and possibly large increases in insurance premiums into consideration when establishing a new equilibrium price for the affected firms. Similarly, we observe that crashes that occur on or above land cause significant larger stock price declines than crashes that occur on the high seas, which is in line with the severe liability limitations imposed for victims of sea crashes by DOHSA.
Legal liability claims, loss of customer goodwill, and rising insurance premiums may also explain why the coefficient for our fatality variable is significant. Our results suggest that every additional fatality causes an additional stock price drop of 0.02 percent.
  Finally, while most accident causes appear to explain little of the variation in abnormal returns, we observe that crashes caused by criminal or terrorist activity lead to an additional stock price drop of 4.71 percent, on average.  Again, the dummy variable remains significant even if we exclude the 9/11-related attacks from our sample.
Although the abnormal return measures we reported in Table 4 remained significant within three months of an airline accident, the fit of our regression model, as reflected in both the adjusted R2 values and F-statistics presented at the bottom of Table 6, decreases considerably when we consider longer-term event windows.

*** Insert Table 7 about here ***

In Table 7, we perform a similar analysis for airplane manufacturers. We again use OLS regressions to examine the factors that drive the abnormal performance of manufacturers over various event windows following a accident.  During the first day of trading, abnormal returns appear to be largely driven by our legal regime variables that distinguish between the laws that apply to each case as well as the manufacturer’s market capitalization one day prior to the event. In addition, news reports alleging mechanical failures to be the likely cause for the accident are a significant factor and lead to significantly larger price declines. The significance of the size variable is again consistent with Alexander’s (1991) “deep pocket” theory.
Accidents occurring on domestic flights result in negative abnormal returns that are 2.74 percent larger than for crashes occurring on international flights governed by the Warsaw Convention.  Similarly, crashes on international flights after the 1997 Intercarrier Agreement cause significantly larger price declines.  Finally, crashes which are attributed to mechanical failure result in additional stock price drops of approximately 1.13 percent.  The economic interpretation of our size variables follows our earlier discussion for Table 6: for every 100 percent increase in a manufacturer’s market capitalization, abnormal returns increase by 0.78 percent.

VII.
Conclusions

That aviation accidents have a negative impact on the stock performance of airlines comes at no surprise. Why certain types of accidents cause large price declines while others have almost no impact is puzzling, however. We address this question by exploring the driving factors behind an airline’s abnormal stock price performance following a accident. We find that anticipated legal liability claims appear to be a significant factor that drives the magnitude of an airline stock’s initial price decline. Crashes that result in many fatalities and crashes that occur on domestic flights where airlines face unlimited liability cause particularly large price declines. In addition, airlines are particularly hard hit if the crash is caused by criminal or terrorist activity. While hull losses and legal liability costs are covered by insurance, the affected airline is likely to pay at least part of these costs later in the form of higher insurance premiums.
Although the abnormal returns of airplane manufacturers are considerably smaller, we find similar relationships when investigating the factors that drive performance differences. Again, investors’ anticipation of legal liability claims appears to be a major factor that causes performance differences.
Finally, our results suggest a somewhat inefficient market response to aviation accidents: we consistently observe a continuous downward trend in an airline’s stock price that persists for approximately seven trading days after the event. Under the efficient market hypothesis, such prolonged downward trends should not be observed.
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Table 1: Summary Statistics

The following table provides summary statistics for our sample of 174 aviation accidents between January 1, 1950, and December 31, 2004, involving airlines traded on a U.S. exchange. Out of the 174 accidents, 137 involved planes produced by U.S. manufacturers. 
	
	Number of Crashes by U.S. Airlines
	Crashes of Airplanes from U.S. Manufacturers
	Number of Fatalities (on Board and on Ground)

	Panel A.  All Airplane Crashes

	Entire sample period
1950-2004
	174
	137
	11,816

	Panel B.  Summary Statistics by Decade

	1950-1959
	20
	15
	901

	1960-1969
	44
	34
	2,108

	1970-1979
	42
	37
	2,695

	1980-1989
	27
	20
	1,691

	1990-1999
	32
	24
	1,084

	2000-2004
	9
	7
	3,337


Table 2: Definition of Variables
	Variable
	Data Source
	Description

	Panel A:  Firm and Accident Characteristics

	DOMESTIC
	NTSB, online databases
	The airplane was traveling between two domestic airports (dummy variable: 1=yes, 0=no)

	INTL_WARSAW
	NTSB, online databases
	The accident occurred on an international flight prior to the May 13, 1966, passage of the Montreal Agreement amending the Warsaw Convention (dummy variable: 1=yes, 0=no)

	INTL_MONTREAL
	NTSB, online databases
	The accident occurred on an international flight after May 13, 1966, but before the April 16, 1997, Intercarrier Agreement (dummy variable: 1=yes, 0=no)

	INTL_INTERCARRIER
	NTSB, online databases
	The accident occurred on an international flight after the April 16, 1997, Intercarrier Agreement (dummy variable: 1=yes, 0=no)

	LAND_CRASH
	NTSB, online databases
	The airplane crashed on land or within a country’s territorial waters where the Death on the High Seas Act does not apply (dummy variable: 1=yes, 0=no)

	FATALITIES
	NTSB, online databases
	Number of fatalities (on airplane and on ground)

	REGIONAL
	NTSB, online databases
	Regional carrier (dummy variable: 1=yes, 0=no)

	LN_MKTCAP_AIRLINE
	CRSP, WSJ, BLS
	Natural log of market capitalization of airline one day prior to the crash date, converted to 1950 dollars based on CPI data from the Bureau of Labor Statistics (BLS)

	LN_MKTCAP_MANUF
	CRSP, WSJ, BLS
	Natural log of market capitalization of airplane manufacturer one day prior to the crash date, converted to 1950 dollars based on CPI data from the Bureau of Labor Statistics (BLS)

	Panel B:  Classification of Accident Causes

	NATURE
	Lexis/Nexis, Bloomberg, Reuters
	Weather (wind shear, icing) and animal related (birds)

	MAINTENANCE
	Lexis/Nexis, Bloomberg, Reuters
	Poor maintenance (e.g. improper hydraulic systems configuration, failure to de-ice airplane, failure to refuel)

	MECHANICAL
	Lexis/Nexis, Bloomberg, Reuters
	Mechanical failure (e.g. engine failure, equipment failure, design flaw, instrument failure)

	AIR_TRAFFIC_CONT
	Lexis/Nexis, Bloomberg, Reuters
	Air-traffic control error (incorrect commands issued to pilot, e.g. landing clearance when runway occupied)

	CREW_ERROR
	Lexis/Nexis, Bloomberg, Reuters
	Pilot/crew error and fatigue (e.g. errors made during instrument approach, overloaded airplane, premature descent, overrun runway)

	CRIME&TERROR
	Lexis/Nexis, Bloomberg, Reuters
	Criminal activity (e.g. hijacking, explosive device, 9-11-related)

	OTHER/UNKNOWN
	Lexis/Nexis, Bloomberg, Reuters
	Other / unknown


Table 3: Descriptive Statistics and Correlations
The left side of the table provides information on the mean and standard deviation for each variable in our dataset. In addition, median values are reported for non-dummy variables. On the right side, we report Pearson/Spearman correlation coefficients for each variable pair. P-values are reported in brackets below each correlation coefficient.
	No.
	Variable Name
	Mean
(Median)
	Std. Dev.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1
	LN_MKTCAP_AIRLINE
	15.28
(17.62)
	1.43
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	LN_MKTCAP_MANUF
	17.32
(19.10)
	1.58
	0.245
(0.163)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	REGIONAL
	5.75%
	23.34%
	-0.402
(0.036)
	0.034
(0.753)
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	LAND_CRASH
	96.55%
	18.30%
	-0.005
(0.962)
	-0.179
(0.096)
	0.035
(0.714)
	
	
	
	
	
	
	
	
	
	
	
	

	5
	DOMESTIC
	79.31%
	40.62%
	-0.087
(0.372)
	0.058
(0.592)
	0.061
(0.527)
	0.239
(0.112)
	
	
	
	
	
	
	
	
	
	
	

	6
	INTL_WARSAW
	6.32%
	24.41%
	0.045
(0.648)
	-0.152
(0.157)
	-0.050
(0.601)
	0.026
(0.785)
	-0.509
(<.001)
	
	
	
	
	
	
	
	
	
	

	7
	INTL_MONTREAL
	11.49%
	31.99%
	0.047
(0.627)
	-0.034
(0.756)
	-0.025
(0.793)
	-0.113
(0.239)
	-0.706
(<.001)
	-0.094
(0.344)
	
	
	
	
	
	
	
	
	

	8
	INTL_INTERCARRIER
	2.87%
	16.75%
	0.065
(0.504)
	0.187
(0.082)
	-0.043
(0.652)
	-0.395
(<.001)
	-0.337
(0.002)
	-0.045
(0.737)
	-0.062
(0.415)
	
	
	
	
	
	
	
	

	9
	FATALITIES
	67.91
(28.00)
	78.67
	0.209
(0.130)
	0.104
(0.470)
	-0.044
(0.644)
	-0.216
(0.023)
	-0.284
(0.031)
	0.005
(0.959)
	0.283
(0.003)
	0.158
(0.098)
	
	
	
	
	
	
	

	10
	NATURE
	16.67%
	37.38%
	0.050
(0.609)
	-0.142
(0.186)
	0.038
(0.696)
	0.073
(0.446)
	0.155
(0.105)
	0.011
(0.905)
	-0.197
(0.039)
	0.043
(0.653)
	-0.049
(0.606)
	
	
	
	
	
	

	11
	MAINTENANCE
	8.62%
	28.15%
	0.001
(0.990)
	0.011
(0.923)
	-0.046
(0.630)
	-0.093
(0.330)
	-0.059
(0.537)
	0.016
(0.869)
	-0.018
(0.847)
	0.182
(0.055)
	-0.012
(0.904)
	-0.137
(0.015)
	
	
	
	
	

	12
	MECHANICAL
	14.37%
	35.18%
	0.019
(0.847)
	0.113
(0.294)
	0.085
(0.374)
	-0.243
(0.010)
	-0.112
(0.242)
	0.149
(0.119)
	-0.025
(0.793)
	0.185
(0.052)
	-0.025
(0.797)
	-0.183
(0.143)
	-0.126
(0.018)
	
	
	
	

	13
	AIR_TRAFFIC_CONT
	5.75%
	23.34%
	-0.106
(0.277)
	-0.032
(0.769)
	0.102
(0.287)
	0.032
(0.736)
	0.136
(0.156)
	-0.046
(0.630)
	-0.112
(0.242)
	-0.040
(0.678)
	0.089
(0.355)
	-0.110
(0.727)
	-0.076
(0.189)
	-0.101
(0.518)
	
	
	

	14
	CREW_ERROR
	27.01%
	44.53%
	-0.094
(0.333)
	-0.018
(0.871)
	-0.045
(0.639)
	0.104
(0.279)
	0.086
(0.370)
	-0.048
(0.618)
	-0.019
(0.845)
	-0.128
(0.182)
	-0.161
(0.091)
	-0.272
(0.003)
	-0.187
(<.001)
	-0.249
(0.037)
	-0.150
(0.294)
	
	

	15
	CRIME&TERROR
	7.47%
	26.37%
	0.095
(0.330)
	0.215
(0.045)
	-0.082
(0.394)
	0.043
(0.657)
	-0.262
(0.006)
	-0.061
(0.526)
	0.344
(<.001)
	-0.052
(0.585)
	0.332
(<.001)
	-0.127
(0.075)
	-0.087
(0.083)
	-0.116
(0.394)
	-0.070
(0.433)
	-0.173
(0.011)
	

	16
	OTHER/UNKNOWN
	20.11%
	40.20%
	0.098
(0.315)
	0.089
(0.407)
	-0.110
(0.249)
	-0.319
(0.001)
	0.008
(0.935)
	-0.082
(0.391)
	-0.004
(0.966)
	0.083
(0.384)
	0.090
(0.349)
	-0.224
(0.915)
	-0.154
(0.139)
	-0.206
(0.001)
	-0.124
(0.926)
	-0.305
(0.217)
	-0.143
(0.162)


Table 4: Short-Term and Long-Term Abnormal Performance of Airlines and Manufacturers Following Airplane Accidents

We provide results for an event-study of the short-term and long-term stock price reaction following an airplane accident. In Panel A, we present results for all publicly traded U.S. airlines whose planes were involved in a crash. Panel B presents results for the corresponding U.S. manufacturers. In each panel, we present the cumulative abnormal returns (CARs) and buy-and-hold abnormal returns (BHARs) for the affected firms. To test for the significance of CARs we use a standardized cross-sectional test based on Boehmer et al. (1991). For the BHARs, we employ a t-test based on Barber and Lyon (1997). In addition, we report p-values of a Wilcoxon signed rank test for each abnormal return measure. 

	Number of Trading Days After Announcement
	
	Cumulative Abnormal Return (CAR)
	Standardized Cross-sectional Test
(p-value)
	Wilcoxon
Signed Rank Test
(p-value)
	
	Buy-and-hold Abnormal Return (BHAR)
	t-test
(p-value)
	Wilcoxon
Signed Rank Test
(p-value)

	Panel A:  Airlines (N=174)

	0 to 1 days
	
	-2.49%
	<0.001
	<0.001
	
	-2.33%
	<0.001
	<0.001

	0 to 2 days
	
	-2.92%
	<0.001
	<0.001
	
	-2.67%
	<0.001
	<0.001

	0 to 5 days (1 week)
	
	-3.57%
	<0.001
	<0.001
	
	-3.39%
	<0.001
	<0.001

	0 to 7 days (1.5 weeks)
	
	-3.75%
	<0.001
	<0.001
	
	-3.80%
	0.004
	<0.001

	0 to 10 days (2 weeks)
	
	-3.02%
	0.008
	0.012
	
	-3.14%
	0.010
	0.004

	0 to 21 days (1 month)
	
	-3.47%
	0.036
	0.039
	
	-3.66%
	0.037
	0.041

	0 to 63 days (3 months)
	
	-2.79%
	0.085
	0.097
	
	-3.10%
	0.056
	0.077

	0 to 125 days (6 months)
	
	-2.84%
	0.291
	0.216
	
	-3.78%
	0.127
	0.184

	0 to 250 days (1 year)
	
	-1.67%
	0.621
	0.498
	
	-3.13%
	0.353
	0.321

	Panel B:  Airplane Manufacturers (N=137)

	0 to 1 days
	
	-0.89%
	0.007
	0.026
	
	-1.02%
	0.023
	0.015

	0 to 2 days
	
	-0.88%
	0.011
	0.030
	
	-0.96%
	0.031
	0.022

	0 to 5 days (1 week)
	
	-1.13%
	0.067
	0.062
	
	-1.20%
	0.088
	0.054

	0 to 7 days (1.5 weeks)
	
	-1.19%
	0.083
	0.142
	
	-1.24%
	0.114
	0.098

	0 to 10 days (2 weeks)
	
	-0.42%
	0.195
	0.527
	
	-0.51%
	0.264
	0.237

	0 to 21 days (1 month)
	
	0.69%
	0.512
	0.330
	
	-0.02%
	0.821
	0.609

	0 to 63 days (3 months)
	
	1.98%
	0.114
	0.088
	
	0.67%
	0.517
	0.764

	0 to 125 days (6 months)
	
	3.87%
	0.057
	0.042
	
	1.12%
	0.378
	0.302

	0 to 250 days (1 year)
	
	4.71%
	0.019
	0.007
	
	1.31%
	0.562
	0.351


Table 5: Preliminary Examination of Abnormal Returns
We form subsets of our airline and airplane manufacturer samples along various dimensions. In particular, we distinguish between small and large airlines and airplane manufacturers (based on the firms’ discounted market capitalization), and between regional and national/international carriers. In addition, we distinguish between domestic and international flights, crashes that involved less than or more than 100 fatalities, and crashes caused by criminal/terrorist acts or mechanical failures (versus other causes). For international flights, we distinguish between the three legislative periods and form subsamples that differentiate between accidents that occurred prior to the May 13, 1966, Montreal Agreement that amended the Warsaw Convention, crashes that took place after the Montreal Agreement but before the April 16, 1997, Intercarrier Agreement, and accidents that occurred after the 1997 Intercarrier Agreement.  Finally, we distinguish between accidents that occurred on or above land and on the high seas. For each subsample, we report the number of observations N, as well as mean and median cumulative abnormal returns (CARs) during a (0,7) event window. We employ t-tests and Kruskal-Wallis tests to test for the equality of mean and median CARs between each set of subsamples. The last column reports p-values for both tests.
	Subsample 1
	N,
mean,
median
	Subsample 2
	N,
mean,
median
	Tests of differences
means (p-value)
medians (p-value)

	     Panel A:  Airlines (N=174)

	Large Airlines
(Market Capitalization > $200 Million)
	70
-4.272%
-1.202%
	Small Airlines
(Market Capitalization < $200 Million)
	104
-3.399%
-1.997%
	
0.1821
0.1464

	National/International Airlines
	161
-3.697%
-1.543%
	Regional Airlines
	13
-4.406%
-2.298%
	
0.5691
0.4103

	Domestic Flight
	138
-4.593%
-2.056%
	International Flight
	36
-0.519%
0.672%
	
0.0029
0.0084

	International Flight prior to May 13, 1966
	11
0.241%
0.305%
	International Flight between May 13, 1966, and April 16, 1997
	20
-0.109%
-0.004%
	
0.8726
0.7412

	International Flight between May 13, 1966, and April 16, 1997
	20
-0.109%
-0.004%
	International Flight after April 16, 1997
	5
-3.910%
-5.0210
	
0.0327
0.0245

	Accident Occurred on Land or within U.S. Territorial Waters
	168
-3.894%
-1.761%
	Accident Occurred on the High Seas
	6
0.282%
0.316%
	
0.0185
0.0322

	Less than 100 Fatalities 
	149
-3.092%
-1.413%
	More than 100 Fatalities
	25
-7.672%
-2.329%
	
0.0117
0.0299

	Criminal Act /
Terrorist Attack
	13
-9.846%
-4.418%
	All Other Causes
	161
-3.258%
-1.692%
	
0.0092
0.0126

	     Panel B:  Airplane Manufacturers (N=137)

	Large Manufacturers
(Market Capitalization > $200 Million)
	116
-1.369%
-0.754%
	Small Manufacturers
(Market Capitalization < $200 Million)
	21
-0.201%
0.032%
	
0.2311
0.1317

	Domestic Flight
	106
-1.741%
-0.727%
	International Flight
	31
0.694%
0.558%
	
0.0263
0.0142

	International Flight prior to May 13, 1966
	10
1.062%
0.994%
	International Flight between May 13, 1966, and April 16, 1997
	16
1.176%
1.203%
	
0.9132
0.7587

	International Flight between May 13, 1966, and April 16, 1997
	16
1.176%
1.203%
	International Flight after April 16, 1997
	5
-1.610%
-1.520%
	
0.0211
0.0149

	Accident Occurred on Land or within U.S. Territorial Waters
	131
-1.329%
-1.238%
	Accident Occurred on the High Seas
	6
1.845%
2.009%
	
0.0092
0.0126

	Less than 100 Fatalities 
	115
-1.015%
-0.711%
	More than 100 Fatalities
	22
-2.105%
-0.958%
	
0.0611
0.0950

	Mechanical Failure
	25
-1.896%
-1.272%
	All Other Causes
	112
-1.032%
-0.700%
	
0.0710
0.0319


Table 6: OLS Regression Analysis of Abnormal Returns for Airlines
We examine whether investors distinguish between different types of aviation accidents by regressing the cumulative abnormal returns we observed over various post-event windows against various characteristics of the accident and the involved airline. We characterize the airlines by firm size (based on the firm’s discounted market capitalization one day before the crash), and distinguish between regional and national/international airlines. In addition, we isolate various factors that describe the accident itself, including whether it occurred on land or on the high seas, whether it involved a domestic or international flight, and the number of fatalities. For international flights, we distinguish between the three legislative periods and include two dummy variables that indicate whether the crash occurred after the Montreal Agreement but before the April 16, 1997, Intercarrier Agreement, or after the 1997 Intercarrier Agreement.  Finally, we include six dummy variables that identify the cause of the accident.  For each variable, we report the coefficient and the corresponding White (1980) heteroskedasticity-adjusted p-value in parentheses below. In the last column, we report the variance inflation factor (VIF) for each variable. The last two rows provide the adjusted R2 and F-statistic for each regression.
	
	(0,1) CAR
	(0,2) CAR
	(0,7) CAR 
	(0,10) CAR
	(0,21) CAR
	(0,250) BHAR
	VIF

	Variable
	Coefficient 
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	

	Intercept
	0.0692
(0.5457)
	0.0560
(0.9156)
	0.0871
(0.5934)
	0.0602
(0.7371)
	0.0376
(0.2126)
	0.1444
(0.0006)
	

	LN_MKTCAP_AIRLINE
	-0.0049
(0.0313)
	-0.0033
(0.0437)
	-0.0025
(0.0792)
	-0.0011
(0.1019)
	-0.0017
(0.1581)
	-0.0078
(0.3526)
	2.7

	REGIONAL
	-0.0154
(0.5928)
	-0.0015
(0.9410)
	-0.0230
(0.6251)
	-0.0281
(0.6149)
	-0.0627
(0.4307)
	0.0108
(0.9614)
	1.7

	LAND_CRASH
	-0.0690
(0.0190)
	-0.0938
(0.0706)
	-0.0779
(0.0709)
	-0.0351
(0.2144)
	-0.0692
(0.4227)
	-0.0368
(0.8706)
	1.8

	DOMESTIC
	-0.0781
(0.0204)
	-0.0961
(0.0067)
	-0.1157
(0.0371)
	-0.1153
(0.0591)
	-0.0854
(0.0954)
	-0.1230
(0.4415)
	5.4

	INTL_MONTREAL
	-0.0393
(0.1258)
	-0.0535
(0.1798)
	-0.0903
(0.2031)
	-0.0871
(0.3671)
	0.0053
(0.7518)
	-0.0376
(0.9637)
	5.2

	INTL_INTERCARRIER
	-0.0176
(0.0340)
	-0.0324
(0.0589)
	-0.0738
(0.0412)
	-0.1639
(0.0704)
	-0.0949
(0.1271)
	-0.1314
(0.3989)
	2.0

	FATALITIES
	-0.0002
(0.0278)
	-0.0003
(0.0574)
	-0.0002
(0.0510)
	-0.0003
(0.0807)
	-0.0001
(0.3161)
	-0.0002
(0.2160)
	1.7

	NATURE
	0.0037
(0.8563)
	0.0180
(0.3916)
	0.0068
(0.8541)
	0.0189
(0.6172)
	0.0487
(0.3516)
	-0.0051
(0.7814)
	1.7

	MAINTENANCE
	-0.0110
(0.5880)
	0.0075
(0.7361)
	-0.0098
(0.7708)
	-0.0120
(0.7810)
	-0.0096
(0.8824)
	-0.0221
(0.8935)
	1.8

	MECHANICAL
	-0.0511
(0.1801)
	-0.0323
(0.1492)
	-0.0860
(0.1625)
	-0.0573
(0.2483)
	-0.0451
(0.5703)
	-0.0343
(0.4240)
	1.2

	AIR_TRAFFIC_CONT
	-0.0249
(0.4128)
	0.0062
(0.8561)
	-0.0263
(0.5761)
	-0.0661
(0.2169)
	-0.1530
(0.0714)
	-0.1491
(0.7286)
	1.2

	CREW_ERROR
	0.0103
(0.5715)
	0.0255
(0.1537)
	-0.0035
(0.9245)
	-0.0007
(0.9710)
	0.0261
(0.5614)
	-0.0379
(0.2301)
	2.0

	CRIME&TERROR
	-0.0471
(0.0351)
	-0.0190
(0.0545)
	-0.0169
(0.0699)
	-0.0212
(0.6671)
	-0.0704
(0.3714)
	-0.1166
(0.1867)
	1.8

	Adjusted R2
	22.2%
	20.9%
	17.1%
	12.3%
	11.0%
	0.0%
	

	F-Statistic
	3.63
	3.48
	2.97
	2.12
	1.87
	0.44
	


Table 7: OLS Regression Analysis of Abnormal Returns for Airplane Manufacturers

We examine the determinants of investors’ reaction to aviation accidents for airplane manufacturers for various event windows after the respective news announcement. We characterize airplane manufacturers by firm size, based on the firms’ discounted market capitalization one day before the crash. In addition, we include various factors that characterize the accident, such as a dummy variable that indicates whether the accident occurred on land or on the high seas, a dummy variable that distinguishes between domestic and international flights, a variable that measures the number of fatalities, and a dummy variable that indicates that a mechanical failure was reported to have caused the accident.  For international flights, we distinguish between the three legislative periods and include two dummy variables that indicate whether the crash occurred after the Montreal Agreement but before the April 16, 1997, Intercarrier Agreement, or after the 1997 Intercarrier Agreement.  For each variable, we report the coefficient and the corresponding White (1980) heteroskedasticity-adjusted p-value in parentheses below.  In the last column, we report the variance inflation factor (VIF) for each variable. The last two rows provide the adjusted R2 and F-statistic for each regression.
	
	(0,1) CAR
	(0,2) CAR
	(0,7) CAR
	(0,10) CAR
	(0,21) CAR
	(0,250) BHAR
	VIF

	Variable
	Coefficient 
(p-value)
	Coefficient 
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	Coefficient
(p-value)
	

	Intercept
	0.2615
(0.00361)
	0.3250
(0.0014)
	0.2851
(0.0171)
	0.2000
(0.1621)
	0.3378
(0.0154)
	0.1574
(0.0138)
	

	LN_MKTCAP_MANUF
	-0.0112
(0.0051)
	-0.0138
(0.0025)
	-0.0086
(0.0209)
	-0.0055
(0.0974)
	-0.0191
(0.0468)
	-0.0247
(0.2778)
	1.8

	LAND_CRASH
	-0.0529
(0.0471)
	-0.0567
(0.0523)
	-0.0738
(0.0451)
	-0.0473
(0.1270)
	-0.0514
(0.5947)
	0.0026
(0.6730)
	1.6

	DOMESTIC
	-0.0274
(0.0176)
	-0.0222
(0.0351)
	-0.0387
(0.0573)
	-0.0404
(0.0948)
	-0.0499
(0.1162)
	-0.0371
(0.3127)
	6.4

	INTL_MONTREAL
	-0.0081
(0.7515)
	-0.0179
(0.5460)
	-0.0423
(0.2546)
	-0.0261
(0.5461)
	0.0334
(0.6016)
	0.0090
(0.4305)
	6.2

	INTL_INTERCARRIER
	-0.0338
(0.0470)
	-0.0559
(0.0551)
	-0.0431
(0.0430)
	-0.0014
(0.1046)
	-0.0039
(0.2583)
	0.0274
(0.5117)
	1.6

	FATALITIES
	-0.0001
(0.1141)
	-0.0001
(0.1351)
	-0.0002
(0.2561)
	-0.0002
(0.0862)
	-0.0001
(0.5251)
	-0.0003
(0.5915)
	1.4

	MECHANICAL
	-0.0113
(0.0589)
	-0.0234
(0.0277)
	-0.0262
(0.0339)
	-0.0257
(0.3415)
	-0.0476
(0.3615)
	-0.0322
(0.1056)
	1.1

	Adjusted R2
	19.5%
	16.2%
	14.3%
	12.0%
	8.4%
	0.4%
	

	F-Statistic
	3.71
	3.20
	2.82
	2.59
	2.35
	0.98
	


�	See Rose (1992) who observes a significant decline in accident rates per million departures during the period 1955-1990 and Brown (1998) who points out that fatalities have remained static over the past 40 years, despite a large increase in passenger numbers.


�	Studies that examine the consequences of airplane accidents for airlines include, for example, Chance and Ferris (1987), Davidson et al. (1987), Borenstein and Zimmerman (1988), Mitchell and Maloney (1989), Bosch et al. (1998), and Carter and Simkins (2004). The impact on airplane manufacturers has previously been examined by Chalk (1986, 1987) and Chance and Ferris (1987).


�	See, for example, Hayes et al. (2006) who provide a detailed analysis of insurance payments made in connection with the 9/11 terrorist attacks. 


�	In addition, an airline typically incurs revenue losses as a result of reduced scheduling capacity following a crash. Although such losses have been noted in the literature (see Borenstein and Zimmerman, 1988, and Mitchell and Maloney, 1989), their costs have not yet been empirically measured. While the effect is likely small for large carriers, smaller carriers that operate a limited number of airplanes may be more affected.


�	Such negative spillover effects were documented by Bosch et al. (1998) following the July 1996 mid-air explosion of TWA flight 800 for which initial news reports speculated on a “surface-to-air missile fired from below” as a possible cause (see, for example, Matthew Purdy, “Little Hard Evidence is Found – Death Toll is Put at 230”, New York Times, July 19, 1996, pg. 1.) Fears of another terrorist attack also led to a considerable drop in demand and significant stock price declines across the entire aviation industry following the 9/11 terrorist attacks (see Carter and Simkins, 2004, and Flouris and Walker, 2006). 


�	See also Mitchell and Maloney (1989) who distinguish between accidents for which the airline was found to be at fault and those attributed to other causes. Their results suggest a significant stock price decline only for at-fault cases, but not for accidents that were outside of the airline’s control. 


�	In a similar study, Chance and Ferris (1987) observe no significant stock price declines for airplane manufacturers following an accident.  Their sample is smaller, however, and does not distinguish between different types of accidents.


�	For a detailed discussion of non-pecuniary damage awards in tort litigation and reputational consequences for firms that have insufficient safety standards see also Rubin and Calfee (1992).


�	The high seas are generally defined as the ocean waters beyond a “marine league” (three nautical miles) from shore. In 1988, President Reagan issued a “territorial sea proclamation” extending the United States’ sovereignty to a 12-mile territorial sea. Plaintiffs’ attorneys used this change to the advantage of the survivors of TWA flight 800, a crash that occurred eight miles off the coast. Our estimation results are qualitatively and quantitatively robust to applying either a three or twelve mile limit to crashes after 1988.


�	On March 16, 2000, following intense lobbying by air disaster victim survivor groups, the U.S. Congress enacted an amendment to DOHSA. Commercial aviation accidents that occur less than twelve nautical miles from the U.S. coastline are no longer covered by the Act.  Furthermore, even where the Act does apply under the new limit, the range of damages has been expanded to include non-pecuniary damages.


�	Note that the NTSB distinguishes between aviation “accidents” and “incidents”. The definition of an accident used by the NTSB generally follows that of the International Civil Aviation Organization (ICAO) Annex 13, being any event which causes death or serious injury and/or substantial damage to the aircraft from the time the first person boards with intention of flight until the last person leaves after flight. Cases involving no human fatalities or significant damage to the airplane are generally classified as incidents.  Incidents are excluded from our sample because they are unlikely to entail any significant stock price reaction.


�	To ensure the robustness of our results, we performed various robustness tests in which we employed alternative market proxies such as the Dow Jones Industrial Average or the CRSP value-weighted market index (for crashes after 1962). Our results are qualitatively and quantitatively highly robust to variations in the underlying index.


�	Note that the last row of Table 1 also includes the fatalities connected to the 9/11 terrorist attacks. In addition to the loss of 265 passengers and crew members on the four planes (perpetrators excluded), the 9/11 attacks caused approximately 2,592 fatalities at the World Trade Center (as of April 2006) and 125 fatalities at the Pentagon. The World Trade Center (WTC) fatalities include approximately 1,400 employees who worked in Tower 1 (the North Tower) and 610 employees who worked in Tower 2 (the South Tower). In our subsequent analysis, we attribute the WTC fatalities to the flights that struck the respective towers, i.e. the North Tower fatalities to American Airlines Flight 11 and the South Tower fatalities to United Airlines Flight 175. The remaining fatalities at the WTC site (primarily including firefighters, police officers, and bystanders) are equally split between the two flights. 


�	Note that the Warsaw Convention applies to all internationally ticketed passengers, even on the domestic portion of their international itinerary. While it would be ultimately preferable to have detailed information on the itinerary of each passenger, such detailed data is not available. Given that some passengers on a domestic flight may come from or continue on an international flight and are thus subject to Warsaw Convention limitations actually biases against our findings. Despite this bias, we observe significant differences in the market’s reaction to disasters of domestic versus international flights, suggesting that investors rationally incorporate the legal consequences of a disaster (and any associated changes in future insurance premiums) into their trading decisions. 


�	Because there was no crash on the high seas after the March 16, 2000, Amendment to DOHSA, we do not create a separate dummy variable for the post-Amendment period.


�	Regional airlines in our sample include Midwest Express, North Central Airlines, Aloha Airlines, Air Florida, Pacific Southwest Airlines and AeroCalifornia. These airlines are frequently dominant in niche markets that are not served by mainstream carriers. All other factors equal, we argue that due to the lack of substitutes in those markets, regional airlines are less likely to lose customers to competitors after a crash. National/international carriers, on the other hand, tend to serve major urban centers and typically share their routes with several rival firms. Because the degree of substitutability is higher on those routes, demand shifts are more likely to occur.


�	While the variable that measures the number of fatalities also shows marginal non-normality (based on an unreported Kolmogorov-Smirnov normality test), we do not apply a log transformation to it to aid its economic interpretability. Our regression results are not significantly affected if we log the variable.


�	Note that the accident causes reported in initial news reports correspond with the causes determined by the NTSB in all but three cases. This is largely consistent with Mitchell and Maloney (1989) who observe only one discrepancy between initial news reports and final NTSB findings in their sample of 56 crashes.


�	Note that the descriptive statistics and correlation coefficients reported in Table 3 – with the exception of the correlation coefficients involving the LN_MKTCAP_MANUF variable – are based on the full sample that includes all 174 crashes involving U.S. airlines. The corresponding figures for the subsample of 137 crashes involving U.S.-manufactured planes are highly similar and are omitted for parsimony.


�	Note that the market capitalization figures for airlines and airplane manufacturers have been discounted and logged. The average of 15.28 for airlines that is reported in Table 3 is thus equivalent to a market capitalization of e15.28 = 4.3 million, expressed in 1950 dollars. Other market capitalization figures can be reconstructed in a similar fashion.


�	The most prominent case of event-date clustering is September 11, 2001, when four planes of two airlines (American Airlines and United) were used in terrorist attacks on a single day. We address this issue by performing all subsequent tests with and without the 9/11 crashes. In addition, date clustering also affects our sample in the sense that several airlines and airplane manufacturers appear more than once in the sample. This can lead to data overlap in the estimation or event periods if two consecutive crashes that involve the same firm occur within a short timeframe. In addition to using Boehmer et al.’s (1991) test statistics (which are designed to address this very problem), we follow Bosch et al. (1998) and re-perform our analysis without the affected observations, i.e. deleting all pairs of crashes that occurred within three years of each other (the length of our estimation period). Our results are robust to excluding those observations. 


�	While Boehmer et al.’s (1991) test design does alleviate problems related to event-induced variance and clustering, it is worth noting that the p-values we derived from their test statistic are only marginally different from the p-values derived from more conventional test statistics such as � EMBED Equation.3  ���. This latter test statistic is used, for example, by Barber and Lyon (1997).


�	Daniel (1978) provides a detailed specification of the Wilcoxon signed rank test and shows that it is significantly more powerful than either a sign test or a rank test applied separately.


�	As our subsequent discussion shows, the two measures (CARs and BHARs) yield highly similar results in the short term but deviate considerably in the long term. Consistent with the extant literature we advocate the use of BHARs when making inferences about a company’s long-term performance.


�	While none of our sample firms were delisted due to bankruptcy within one year after a crash, there were takeover bids for two airlines in our sample during that timeframe.  Consistent with Bosch et al. (1998) we drop these airlines from our long-term return estimations. 


�	See Barber and Lyon (1997, pgs. 342/343) for details.


�	See Fama (1998, pg. 291) who notes that “all models for expected returns are incomplete descriptions of the systematic patterns in average returns during any sample period” and that “bad-model problems are unavoidable, and they are more serious in tests on long-term returns” (pg. 293).


�	In our case, following this approach would involve the creation of two indexes: one for all airlines and one for all airplane manufacturers that were not involved in the crash.


�	Other benchmarking approaches that are frequently used in long-term event studies include the creation of reference portfolios or the use of asset pricing models such as the Fama-French (1993) three factor model.  While such approaches remain in use, Kothari and Warner (1997) and Barber and Lyon (1997) advise against them because they are subject to numerous biases, which are not present when using a control group of firms matched by size and book-to-market ratios. 


�	Market capitalization figures are based on information provided by the Center for Research in Securities Prices (CRSP), while book values are based on information contained in COMPUSTAT. Companies for which information on market or book values was not available, including 35 airlines and 30 airplane manufacturers involved in crashes prior to 1963 (the approximate start date of CRSP and COMPUSTAT) are excluded from our BHAR calculations. To ensure their comparability, we also considered excluding these companies from our CAR calculations, but our results were little affected. 


�	Ikenberry et al. (1995) also propose applying a bootstrapping procedure under which the empirical distribution of abnormal returns is generated via simulation to deal with return skewness and event date clustering in long-term studies.  At the same time, however, Kothari and Warner (1997, pg. 337) point out that “conclusions from simulation studies can themselves be sensitive to experimental design.” Because of this and the fact that our study only considers long-term performance over a period of at most one year we do not apply a bootstrapping procedure in our study.


�	While Panel B of Table 4 also suggests a delayed stock price reaction for airplane manufacturers, it is much smaller and statistically insignificant.


�	Another possibility is that during the earlier part of our sample period, news were not disseminated as quickly as they are today where investors have almost instantaneous access to information.  In other words, it is possible that the lack of information technology during the earlier part of our sample period may be responsible for the post-announcement stock price decline.  We address this possibility below. 


�	Note that we re-tested the sample period used by Bosch et al. and found a somewhat smaller stock price decline in the five day period following the (0,1) event window (1.61% compared to 2.53% as reported by Bosch et al.). However, the discrepancy is likely due to differences in the sample selection criteria used in our two studies. 


�	Our findings are similar in nature to those of Jarrell and Peltzman (1985) who observe similar repeated stock reaction delays for companies making product recalls.


�	We find no significant evidence of a delayed stock price reaction during the 1977-1985 subperiod.


�	Imagine, for example, a crash that conveys no negative news because the manufacturer is clearly not at fault (and is thus unlikely to be sued or experience a decline in future orders), and at the same time contains a positive news component. The latter could be the case if the crashed airplane was particularly old, causing regulators or the general public to put pressure on the airline to renew its fleet, thus leading to an anticipated increase in the future demand for aircraft.


�	It must be noted that any studies that document a deviation from market efficiency are always subject to the so-called “joint hypothesis problem” (see Campbell et al., 1997, pg. 24).  The problem refers to the fact that tests of market efficiency must be based on an asset-pricing model.  Thus, evidence against market efficiency can imply two things: (1) the market is truly inefficient in reacting to a given event, or (2) the model used to examine the market’s reaction is misspecified.  As noted earlier, model misspecifications tend to affect long term studies more than they do short-term studies. Because we observe a delayed reaction within only a seven-day timeframe, any biases arising from a misspecified model are likely to be comparatively small.  In addition, because the delayed reaction is reflected in both our CAR and BHAR estimates (which are based on entirely different assumptions), it is unlikely to be model-specific.  Finally, it should be noted that market inefficiencies can exist to a certain degree if information acquisition costs and trading costs are considered (see Grossman and Stiglitz, 1976, 1980). Yet, the mispricing of more than 1.2% that is corrected within a seven day window appears to be too large not to be exploitable.


�	For brevity, we focus our discussion on differences in short-term CARs, measured over a period of 7 trading days following a crash. We choose this time period to account for the delayed stock price reaction observed earlier. Univariate tests performed over other short-term event periods provide largely similar results. The tests become inconclusive, however, when performed with long-term abnormal returns.


�	The difference remains highly significant even if we exclude the 9-11 crashes from our sample.


�	The comparatively small sample size for the latter group (6 crashes) should be considered before drawing any conclusions.


� While the extant literature provides no clear threshold for variance inflation factors, many studies use a value of 5.0 as a benchmark above which multicollinearity may be problematic and should be addressed. A typical solution for dealing with multicollinearity is to run models with different variable combinations in which highly correlated variables are alternatingly excluded. Such tests did not lead to any significant changes in the economic magnitude or statistical significance of the remaining variables and are not reported for brevity. 


�	Note that the coefficient of our logged market capitalization variable is -0.0049. To calculate the exact effect of a 100 percent increase in market capitalization on a firm’s CAR, we multiply the coefficient with ln(2) or 0.69314. The result is (-0.0049)*(0.6931) or -0.0034. Thus, a doubling in firm size leads to an additional price decline of approximately 0.34 percent, other factors held constant (see Berenson et al., 2001).


�	Note that the number of fatalities are not logged, thus, the interpretation of the coefficient (-0.0002) is straightforward.


� The fact that most of the explanatory variables in our regression models lose their significance in the long term is typical in studies of this kind.  Even if abnormal performance persists in the long run, tracing the reasons for it back to the characteristics of the accident or of the affected firm is difficult in practice (see also Asquith and Mullins, 1986, who only propose the use of cross-sectional regression models on short-term CARs).


�	Note that the coefficient of our logged market capitalization variable for manufacturers is -0.0112. As in footnote � NOTEREF _Ref71139815 \h � \* MERGEFORMAT �43�, we calculate the effect of a 100 percent increase in market capitalization on a firm’s CAR as (-0.0112)*(0.6931) or -0.0078. Thus, a doubling in firm size leads to an additional price decline of approximately 0.78 percent, other factors held constant.
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