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ABSTRACT
This paper will present findings and summarize and explain some of the recent work (including the author’s) on the impact of 9/11 on the financial risk and returns of certain types of firms most likely affected by terrorism.  These impacts are over an above those caused by the underlying market.  In particular, the paper will investigate the effect of 9/11 on the financial risk and returns of aviation and marine transportation firms.   The paper will discuss the effect of 9/11 on these firms’ cost and ability in raising capital (systematic risk), market risk, as well as the effect on investment uncertainty and shareholder wealth.  The paper will also discuss the effect of homeland security policy meant to mitigate terror risk on the financial markets.
INTRODUCTION

The adverse economic impact from terrorism has its roots in fear, uncertainty, and lack of order.   The concept of insecurity being at the root of poor economic results is an old one.  In his 1651 masterpiece Leviathan, Thomas Hobbes argued that man in his natural state lives in a warlike state of nature that is “solitary, poor, nasty, brutish, and short.”
  However, this state is not in man’s best interest.  Conversely, security can provide the framework for economic growth. According to Hobbes, mankind forms a peaceful society by entering into a social contract beneath an authority. Individuals cede enough of their natural rights for the authority to be able to ensure internal peace and common defense.  To Hobbes, the authority should be a Leviathan with absolute authority.  In this worldview, the economic well being and safety offsets the loss of so many rights to the Leviathan.  Hobbes’ work came at a time when civil war was ending in his native England and when Western Europe had only caught up with the living standards of the early Roman Empire (27BCE to around 200BCE).  Recent research by Temin
 shows that the standard of living of the early empire was similar to that of Western Europe in the seventeenth and eighteenth century just before the industrial revolution.  Temin credits this to moderately stable political conditions and markets for goods, labor, and capital.  These conditions worsened in the later Empire and practically collapsed during the dark ages.

While the context of antiquity is useful, we do not need to stray from current times to notice the same effect.  For example, countries gripped by civil strife and terror have a difficult time attracting investment (domestic or foreign) and suffer generally suffer from relatively weaker economic growth.  For example, at the height of the insurgency from the Shining Path guerillas, the economic situation in Peru was dire indeed.  Closer to home, we have New York City in the late 1980’s and late 1990’s. During this time, crime was high, investments in the city were low, and the city was losing people.  The success of William Bratton as Police Commissioner in New York City from 1994 to 1996 in reducing crime was due in no small part to the electorate accepting limitations in previously accepted activities in order to reduce crime.   Under Bratton, New York City arrested and prosecuted minor infractions and brought about a respect for the rule of law.  Crime dropped and what followed was a renaissance in business and population (especially in Manhattan).  
FINANCIAL MARKET IMPACTS

This leads us to the primary focus of this paper; how do terror act affect the financial markets for transportation firms?   Financial markets benefit society as they efficiently allow buyers and sellers to make mutually beneficial transactions.  This beneficial function has not changed since the days of the early Roman Empire.  Markets change constantly as prices adjust to new information.  These prices subsequently determine how market-based economies allocate scarce resources.  Modern economies owe much of their wealth to their well functioning markets.  Consequently, events that have an adverse impact on financial markets reduce societal wealth.  Conversely, policy actions that mitigate those events also mitigate the reduction in wealth.
A single, large-scale terrorist act usually will have an adverse effect on the market.  For example, following September 11, 2001 the US equity markets declined substantially.  Many researchers believe that the market still incorporates a 9/11 price discount.  For example, Kevin Hassett of the American Enterprise Institute reported in an August 31, 2006, Bloomberg discussion that he thought the market already factored a pessimistic view about the future of terrorism into current prices.  Researchers have also found adverse stock market effects following lower scale actions.  For example, Zussman and Zussman
 found that Israeli markets reacted adversely following targeted assassinations of Palestinian political leaders.
Other researchers have focused on the impact of 9/11 on investment uncertainty.  For example, an article in the February 3, 2007, Economist reported on a study by Nick Bloom at Stanford University.  Bloom found that after 9/11, market return volatility increased substantially.  Because volatility was higher, the future was less certain and there was a higher probability that demand would be very low or very high. Consequently, firms put off investment decisions until volatility returned to previous levels.   
A more interesting question and the underling purpose of this paper is the effect 9/11 had on firms more likely to be the targets of terrorism, or of being used as a means to carry out a terrorist attack.  In particular, what are the effects over and above those caused by the underlying market?  Market impacts following terrorist actions can have an adverse effect on the cost of capital, stockholder wealth, and the efficiency of markets to affected firms.  These impacts impose real economic costs to affected firms and to society.  To the extent that policies and legislation can mitigate these effects, homeland security can have positive secondary economic benefits that help offset the costs of implementing them.  

With respect to transportation, the attacks of 11 September 2001 had both political and economic effects.  After 9/11, investors may have perceived that the physical assets of the transport system were not only targets but were a means to carry out terrorist attacks.  Ships, goods, cargo, and facilities can all serve as weapons of destruction of terrorism.  Additionally, the response to a significant terror attack has wider impacts on trade and transportation.  For example, the US government response to 9/11 included shutting down the traffic system which caused huge delays and disruptions to users of the port system (Bichou
).  The fear factor following 9/11 also resulted in a 74 percent decline in bookings for U.S. air carriers in the four days after the event while international bookings were down by almost 19 percent (Morrell and Alamdari
). Because of potential adverse impacts to future business operations, investor’s perceptions of future profit and dividend streams would be less than before.  In efficient market pricing theory, prices are a function of those streams and the market translates new information and perceptions on the threat of terror attacks into prices.  Similarly, the market translates this information into changes to the assets’ financial risk profile based on its underlying relationship to the market.  In other words, if 9/11 exerted a relatively negative impact on the financial risk of transportation firms, then these firms would face a higher relative financial risk than the market as a whole.  If the market viewed these events as having a permanent impact on the operations of directly impacted firms, then there could be permanent adverse market effects to these firms.  Conversely, if the market viewed the terrorist attacks as a one-time fluke event there would not be any expected long-term impacts on financial risk.  
FINANCIAL MARKET INVESTIGATIVE METHODS AND ACADEMIC RESEARCH RESULTS 

There are well-accepted methods, such as the market model, to study the financial market impact of events like 9/11 to firms likelier to be affected by it.  Indeed, Gong recently surveyed its use in transportation research.
 The market model is a statistical model that relates the return on any given security to the overall market (e.g., S&P 500).  The model isolates the impact of an important news event on a firm over and above the impact caused by changes in underlying market conditions.  Investigating these effects is important since they can provide identifiable metrics to look at secondary impacts from terror acts and efforts to mitigate them.  This is particularly valuable since it is challenging to measure primary effects such as changes to risk levels from policy actions. 

Financial economics focuses primarily on log returns (continuously compounded returns).  Most recent research in the field (and all the work cited in this paper) uses daily returns. The log return of any asset Ri is as follows.

(1)

Ri = ln Pt – ln Pt-1








Cost and Availability of Capital

Financial Economics relies on the market model to estimate the impact on systematic risk.  The market model decomposes each asset’s total financial risk into two components of risk, systematic and idiosyncratic risk (Sharpe
). Investors can costlessly diversify away idiosyncratic risk which as a result means that the market does not reward investors for bearing that risk. Conversely, investors cannot diversify away systematic risk.  Consequently, the only risk that rational economic agents price in efficient markets is systematic risk since the market must reward investors for bearing that risk.

In the market model, systematic risk is the asset’s return covariance with the market return.  This is the beta regression coefficient from the market model regression equation (Campbell et al 
).

(2)

Rit = αi + ßiRmt + εit






  

In the model Rit and Rmt are the period-t returns on security i and the market portfolio, respectively, and εit is the zero mean disturbance term.  The parameters of the market model are αi and ßi.   The ßi parameter, or the quantity of systematic risk, is simply the resulting beta coefficient from the Ordinary Least Squares (OLS) regression shown below.

(3)

ßi = cov(Rit,Rmt)/var(Rmt)






Systematic risk (beta) is a primary component of a firm’s weighted average cost of capital (WACC) and increases in systematic risk lead to a higher WACC (Hamada
 and Rubinstein
).  The WACC serves as the firm’s hurdle rate for undertaking projects.  Consequently, increases in systematic risk increase the WACC and reduce the amount of projects a firm will undertake.  Industry wide, these reductions are a real economic cost to society.  Therefore, empirical estimates of the impact of 9/11 on beta can determine whether 9/11 had an adverse effect on systematic risk for transportation firms.

Drakos
  found that there was an increase in systematic risk (beta) on a set of airline stocks following the terror attacks of 11 September 2001.  His results had adverse implications for portfolio diversification and the cost (and ability) of airlines in raising capital.  Similar to Drakos, Homan’s 2006 study
 also found that 9/11 resulted in a structural increase in systematic risk for a sample of marine operator firms listed on NASDAQ and the NYSE.  Both papers showed that 9/11 imposed real economic costs (relative availability and cost of capital) and were ancillary effects of 9/11.   This meant that firms and facilities were relatively less likely to make investments.  From a societal standpoint, any secondary benefits from these foregone infrastructure investments (e.g., reduced port congestion) were lost. 
Wealth Effects

In addition to cost of capital, there are also possible wealth effects from reductions in stock prices due to 9/11.  Permanent reductions in stock prices can reduce the real value of financial assets and economy-wide can lead to reduced consumption from equity owners (Modigliani and Brumberg
). Once again, an event study using the market model is the correct tool to study these effects.  
When using the market model in an event study, the correct procedure is to apply parameter estimates from an estimation period to actual market returns in an event period.  The estimation period does not include the event period in question, and usually ends at least several trading days before the start of the event period.  The event period usually covers the period where the release of news or a catastrophic event would have an impact on prices.  This can be a trading day or for a somewhat longer period when even more cumulative effects are of interest.  With the market model, expected returns are a function of the equation parameters from the estimation period and actual market returns in the event period.  In the model, abnormal returns are expected returns subtracted from actual returns in the event period. Without any new information, the expected value of an abnormal return should not be (statistically) significantly different from zero.  For example, if the significance level is a 95 percent level of confidence, statistically significant abnormal returns could happen by chance 5 times out of 100 or less; otherwise they are likely to be a function of new and material information.  In other words, the event is exogenous with respect to the change in the market value of the security.  Equation 4 shows the abnormal return (ARET), where αe and ße are the estimated coefficients from the estimation period.

(4)

ARET = Rit - αe - ßeRmt





SAR is the significance level of ARET.  The calculation of SAR is the following standard t-test, where (e is the standard error of the regression in the estimation period.  

(5)

SAR = ARET/ (e



 
The cumulative abnormal return (CAR) represents the sum of abnormal returns over a certain period in question.  The CAR aggregates abnormal return over several trading days to draw a more complete inference from events that likely affect returns over several trading days (Campbell et al).   With an event like 9/11, a CAR of several trading days makes more sense.  The markets stopped trading and did not reopen until the 17th of September.  Using a CAR can provide a greater degree of inference over the impact of this event; this is especially the case given that there had been no trading for several days prior to 9/17.  The attacks of 9/11 are also a “clean” news event.  The market did not have an advanced warning of the attack and would have not incorporated any information concerning it into expectations of future prices prior to 9/11.  If 9/11 resulted in changed perception about future profits, the market should have accounted for this news within a few trading days.  

Carter and Simpkins
 found that 9/11 had a significant and adverse impact on abnormal returns for a set of airline stocks.  As previously noted, abnormal returns are actual returns adjusted for changes in the market according to the security’s historical relationship to the market.  Homan’s 2006 work found that 9/11 resulted in a significant and adverse impact on cumulative abnormal returns. Based on the market model, these price drops are over and above corresponding drops in the market and imply that wealth effects from price reductions were significantly worse for transportation firms more directly impacted by terrorism.

Market Risk, Volatility, Investment Uncertainty, and Forecast Market Risk

The sample variance of returns ((2i) is the most widely used measure of return volatility, or idiosyncratic risk.  Although investors should not price this risk in equilibrium since they can costlessly avoid it, idiosyncratic risk (return volatility) does have some secondary economic impacts.  Increased volatility can increase market risk (Duffie and Singleton
).  This can result in increased prices for option-embedded securities (affects the mount of arbitrage) and in the probability of a portfolio loss of a given amount (holding other factors constant).  Increased volatility can also lead to wider bid-ask spreads (due to dealers’ adverse selection risk) that can reduce trading levels and result in a less than optimal amount of trading activity (O’Hara
).  These are real economic costs.  Additionally, increased volatility can increase investment uncertainty (not to be confused with financial risk), which results in firms postponing “irreversible” investment decisions.  Firms do so because the future is less certain since the predictability that demand will be either very high or very low is greater.  As such, firms “wait and see” and postpone investment plans until variability returns to its old level (Bernanke
).  
Drakos found that idiosyncratic risk (return volatility) increased significantly as well; this result implies increased market risk for airlines.  Similar to Drakos, Homan’s 2006 study also found that 9/11 resulted in a structural increase in idiosyncratic risk for marine operators.  Both Drakos and Homan found that volatility (and other related measures) increased following 9/11, however this occurred when volatility on the underlying market also increased.  Therefore, it is uncertain how much of the increase in volatility was due to increased uncertainty concerning transportation firms’ business operations and how much was due to underlying market conditions.  To the extent that it was due to 9/11, it would have been an ancillary cost of the attack to these firms.  Increased volatility increases market risk and has several economic costs such as reduced trading activity and market arbitrage.  Consequently, financial markets are less efficient for these firms.  
Reviewing changes to kurtosis is another way of analyzing this investment uncertainty.  Kurtosis is the normalized fourth moment of a random variable.  Normal distributions have a kurtosis equal to three. Distributions with excess kurtosis have extra probability mass in the tail areas of the distribution.  Both airline stocks and marine operator returns tend to indicate extra kurtosis.   This is an indication of a higher frequency of larger, more extreme return days than with a normal distribution.  Homan’s 2009 study
 found that kurtosis increased for airlines and marine operators following 9/11.  This was of particular interest given that it did not increase for the market.  This might indicate that the probability of larger, more extreme return days increased for these transportation firms while it remained stable for the underlying market.  The increased kurtosis may also be more indicative of the increased investment uncertainty stemming from the increased probability of larger (and potentially adverse) return days.  Those results suggested that the increased kurtosis might have been more indicative of increased market uncertainty than volatility. 
The increased kurtosis might also indicate an increased persistence of “old bad news” events in the reaction of investors to current news events.  This could imply increased persistence of volatility over time.  Generalized Autoregressive Conditional Heteroskedasticity (GARCH) models are a way to model and forecast return volatility.  Bollerslev
 originally introduced the GARCH concept and researchers frequently use these models in financial settings.  The approach can assist in investigating if there are any systematic changes in the underlying components that affect volatility.  These changes can affect the persistence of volatility over time.   GARCH models specify that the variance depends on past values of the dependent variable.  Older shocks to volatility have less of an effect on current volatility than more recent shocks.  However, the persistence of older shocks (e.g., 9/11) can change over time.  Equation 6 shows the equation for the conditional variance. 


(6)

(2t =  ( + αε2t-1 + Φ(2t-1  


The sum (α + Φ) in equation 6 provides information as to the degree of variance persistence.  Higher sums imply that volatility shocks (impacts from economic news) die out very slowly.  The GARCH models allow us to estimate conditional volatility.  Because the conditional volatility is a one-period-ahead forecast of volatility, we can also consider it a measure of risk.  As such, increased persistence implies increased forecasts for market risk.  As such, all the negative implications that come with increased market risk accompany increases in expected market risk.  Recently, researchers have begun to employ GARCH techniques to study transportation related issues. Chen and Wang
 used GARCH type techniques to study international bulk shipping markets and more recently Syriopoulos and Roumpis
 used GARCH techniques to examine the volatility profile within the tanker and dry bulk shipping industry.
Homan’s 2009 work used GARCH models to investigate the impact of 9/11 on both maritime and aviation stocks.  Homan’s study found the persistence of volatility shocks was greater for marine operators after 9/11 and hence the negative effects from the increased market risk lingered longer.  As the persistence of conditional volatility increased, and if (as expected) society prefers less risk and hence less risk persistence to more, the results suggest that policy actions that reduced these effects would be welfare enhancing.  However, Homan did not find strong evidence to indicate that volatility persistence increased for airlines. The lack of findings for increased persistence in airlines may be because of a higher frequency of news events for airlines, and for that matter events unrelated to 9/11 or to security.  The results may also be due to other structural factors such as market responses to actions by the Transportation Security Administration (TSA).  
POST-9/11 POLICY EFFECTS
After 9/11, the federal government took several measures to address potential terror attacks.  With respect to the maritime industry, Congressed passed the Maritime Transportation Security Act (MTSA) on November 25, 2002.  MTSA included several new vessel and port-related security measures designed to protect US ports and waterways from terrorist attacks.   MTSA paralleled efforts undertaken at the International Maritime Organization (IMO) to develop the International Ship and Port Facility Security (ISPS) Code.  IMO adopted ISPS in December of 2002.

An underlying purpose of both MTSA and ISPS was to address the market failure that society was not allocating sufficient resources to security.  Consequently, because of MTSA and ISPS, firms now allocate more resources towards security than they would without any government intervention.  If MTSA correctly addressed the market failure, the result of MTSA is that those that generate the risk by their under-provision of security bear the primary brunt of the costs to address the risk from terrorism. These costs are essentially a transfer from marine operators to security firms.  Given these costs of these transfers, it is of interest to see if the market views firms affected by MTSA as being less financially risky than before.  This would be an ancillary benefit of the MTSA legislation whose primary purpose was to reduce the threat of a terrorist attack.

Homan’s 2007 study
 found that MTSA resulted in a structural reduction in systematic financial risk and in doing so provided ancillary economic benefits such as reducing the cost of capital for marine operators by up to 25 basis points.  However, MTSA did not appear to have had any effect on reversing price losses for most firms (Homan
).  Thus, homeland security legislation may have helped by reducing the cost of capital but was not able to reverse the effect of 9/11 still embedded in security prices.  The latter implies that future policies may still be able to reverse this effect.   Homan 2009 study 
 also found that after MTSA there was a reduction in return kurtosis for many of the marine operators.  However, the persistence of that volatility did not go down following MTSA.  Consequently, MTSA may have mitigated some of the increased return kurtosis following 9/11 but was not able to reverse the increased volatility persistence.
CONCLUSION

Financial market impacts following terrorist actions can have an adverse effect on the cost of capital, stockholder wealth, and the efficiency of markets to affected firms.  These impacts impose real economic costs to affected firms and to society.  To the extent that policies and legislation can mitigate these effects, homeland security policies can have positive secondary economic benefits that help offset the costs of implementing them.  This paper summarized some of the recent work on the impact of 9/11 on the financial risk and returns of certain types of firms most likely affected by terrorism.  9/11 had an adverse effect on the cost/availability of capital (systematic risk) to both airlines and marine operators.  It also resulted in adverse wealth effects and increased market risk (return volatility) and investment uncertainty for these firms. Subsequent federal policy has been able to mitigate some, but not all, of these effects.  This research provides identifiable metrics to look at secondary impacts from terror acts and efforts to mitigate them.  This not only provides additional justification for policy actions but also provides metrics to measure effectiveness of those actions.  By doing so, it provides decision makers with improved tools to make better policy decisions. Having quantifiable measures of the secondary impacts of terrorism is valuable since it is challenging to measure primary effects of terror threat levels and changes to those levels from policy actions.
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