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Abstract 
This paper serves as a case study focusing on the effects of September 11 on a set of 
airline stocks traded at various stock markets. Utilizing the Market Model as the 
relevant return generating mechanism we show that for all airline stocks, the 
hypothesis of a structural break in systematic risk (beta) cannot be rejected. Moreover, 
we show that both systematic as well idiosyncratic risks have substantially increased. 
In quantitative terms, conditional systematic risk has on average more than doub led, 
while the percentage it represents over conditional total risk has almost shown a 
threefold increase. These results clearly have very important implications for portfolio 
diversification as well as for the airline stocks’ expected returns. Furthermore, using a 
rather simple linear model for changes in employment demand we estimate that the 
immediate impact of terrorism in terms of employment in the US airline industry was 
about 6 percent, while at least 2 percent was due to expectations about the future 
conditions in air travel demand.                        
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1. Introduction 
The tragic events of September 11 had undoubtedly had significant economic 

repercussions. The already by then weakening global economy, with the world’s three 

largest economies slowing down (the US officially in a recession since March 2001, 

Japan and Germany showing virtually zero growth and heading for a recession) was 

severely adversely affected. Additionally, the war on terrorism has contributed to a 

more volatile economic environment.  As expected, on a sectoral level, the airline 

industry seems to absorb a large part of the shock1.  

The present paper aims at studying the effects of terrorism on airline stocks in 

a quantitative manner as well as investigating the effects on employment in the airline 

industry with particular reference to the US. The analysis will use a variety of 

econometric techniques in order to focus on issues such as the effects on volatility and 

systematic risk of airline stocks.  

The September 11 appalling events have resulted in a variety of economic as 

well as political effects. One may argue that these events will have enduring or even 

permanent effects on issues such as national security or international relations. In 

contrast, provided that the terrorist attacks were a one-off anomaly then any economic 

effects will probably be transitory. Focusing on the economic effects the airline 

industry was the major victim. In formal economic terms, and taking into account the 

developments discussed in the introduction, terrorism can be defined as an exogenous 

factor generating an adverse demand shock effectively shifting the demand curve for 

airline transport to the left. Some analysts advocate that if one puts events into 

context, the commercial airline industry had already been facing difficulties due to the 

economic slowdown, and the September 11 events simply speed the process up. 

According to figures2 released by the International Air Transport Association (IATA) 
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after negligible growth in January-March 2001, freight traffic actually declined for the 

next three months, to give a cumulative rate of growth of minus 3 percent for the fist 6 

months. Furthermore, during the first six months of 2001, total traffic (passengers 

plus freight) grew by only 0.5 percent, against a total capacity increase of 4 percent. 

In the words, of IATA’s Director General and CEO “these figures point to a 

worrisome evaporation of traffic growth…unless IATA members are able to 

drastically curtail their capacity growth…and further control their costs, all prospect 

of profitability for the year 2001 will quickly disappear”.  

In the aftermath of September 11 passenger traffic on the international 

scheduled services of IATA airlines declined by 17 percent in September3, compared 

to September 2000, and as a result showed no growth in the first nine months of the 

year4. Carriers were unable to adjust their seat supply quickly enough; the passenger 

load factor fell from 78 percent in August to 69 percent in September. Most notably, 

carriers registered in North America were most seriously affected since their 

passenger and freight traffic fell by more than 30 percent in September. European and 

Far Eastern carriers experienced a 12 percent fall in passenger traffic overall, but 

carriers with a high US component in their services fared worse. A further seven point 

fall –to less than 63 percent- in the passenger load factor took place in October on the 

international scheduled services of IATA airlines. The year-on-year fall of 23 percent 

in October passenger traffic worldwide made the cumulative change for the first 10 

months of 2001 negative. If projected to end-year this will result in a fall in passenger 

traffic of 5 percent in 2001. North American IATA carriers on average had a 33 

percent fall in passenger traffic in October, while for European, Far Eastern and 

Central and South American carriers on average the falls ranged from 20 to 25 

percent. On December 2001 a similar picture emerged in the global airline industry, 
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with the effects of September 11 fully materializing. The table below summarises the 

market conditions 5.  

    IATA MEMBERS' AVERAGE 
(International Scheduled Services) 

Dec 2001 Jan-Dec 2001 

Passenger Traffic, % change over '00 
(Revenue-Passenger-kilometres) 

- 12 - 4 

Passenger Seat Supply, % change over '00 
(Available-Seat-kilometres) 

- 11 - 1 

Passenger Load Factor, (% points) 69 71 
Freight Traffic, % change over '00 

(Revenue Tonne-kilometres) 
- 10 - 8 

 

Finally, representative for the customer base expectations are the Corporate 

Air Travel Surveys conducted by IATA6 focusing on regular long haul corporate7 

travellers from Europe, North America and Asia/Pacific. The table below summarises 

the pre-and post September 11 responses to questions relating to company travel 

budgets showed a significant shift in respondent opinions. 

 2000 July 2001 September 2001 
Budgets will increase 45% 32% 10% 
Budgets will decrease 7% 9% 36% 

 

However, it should be noted that respondents were optimistic about the 

rebound of the corporate travel market with 57 percent saying that they expected 

normality to return within 6 months, 26 percent expected a return in 12 months, 14 

percent expected it would take 2 years and only 3 percent said business travel would 

never be the same again. Thus, in formal economic terms, terrorism can be defined as 

an exogenous factor producing an adverse demand shock effectively shifting the 

demand for airline transport to the left. Put simply, the fear of further terrorist attacks 

resulted in lower demand for air transport. In addition to this exogenous adverse 

shock, the airline industry was facing structural problems, which would seriously 

affect profitability, and in some extreme cases even threaten the very existence of 
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certain carriers8. Finally, adding to the mounting problems faced by the airline 

industry, high fuel costs have further squeezed profits by increasing operating costs. 

According to IATA’s estimates its members will collectively record a loss of $7 bn 

for 20019.  

2. A Finance View of September 11 

The immediate impact of the terrorist attacks can be easily identified across 

the world stock exchanges with virtually all airline stocks’ prices falling sharply on 

the September 11th. The graphs below show very vividly the immediate impact on 

stock prices10. 

[Insert Figure 1 about here] 

The path followed by airline stocks after the immediate had been exerted, 

seem to be similar across countries and stocks. A notable exception is Easyjet whose 

stock price has been following an upward trend in contrast to the rest of the airlines. A 

possible explanation for this might be the fact that Easyjet is the only ‘low-cost’ 

airline. In fact, Easyjet mainly operates in Europe and seems to have actually 

increased its market share by promptly reducing its fares and also by benefiting from 

the fact that a number of it competitors had to either cancel a large number of their 

scheduled services or even temporarily suspend them.           

Although a vigorous discussion has taken place regarding the short and 

medium effects of the terrorist activities on the airline industry no attempt has been 

made to answer these questions from a finance-theoretic point of view. In fact, from a 

purely academic point of view the current unfortunate situation provides almost 

laboratory conditions for predicting the effects on airline stock prices.   

According to the Market Model each asset’s overall (total) risk can be 

decomposed into two components: systematic and idiosyncratic (Sharpe, 1964; 
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Lintner, 1965). The fundamental distinction between the two types of risks is the 

diversifiability. In particular, systematic risk cannot be diversified away whereas 

systematic risk can be eliminated by effective diversification. As a consequence, the 

only type of risk that will be priced in equilibrium by rational agents is systematic risk 

since investors must be rewarded for bearing it. In contrast, no one will be rewarded 

for bearing diversifiable risk since this can be costless avoided. Systematic risk is 

typically defined as an asset’s return covariation with the market return, known as 

beta. According to the standard CAPM formula the excess return on an asset, over 

and above the risk-free rate of return, is generated as follows (for an extensive 

discussion see Campbell et al, 1997): 

( ) ( ), , , , ,i t f t i M t f t i tR R R Rβ ε− = − +                           1    

The asset’s risk is measured by the parameter iβ , which can be recovered by a 

standard OLS regression and is defined as: , ,

,

,i t M t
i

M t
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3. The Effects of Terrorism on Returns and Prices 

3.1 Terrorism and Airline Stock Prices 
The observed sharp fall in the airline stock prices can be explained through the 

fundamental pricing formula, which basically asserts that in an efficient market and in 

the absence of arbitrage, the current price of an asset is equal to the expected net 

present value of the future stream of cash flows generated by the asset. Algebraically, 

that is: 
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Where ,i tP  is the price for stock i  at time t , C  is the cash flow (dividend) generated 

by the stock and finally r  is a constant rate of interest. 

Thus, to the extent that terrorism was perceived as being an adverse demand 

shock, ceteris paribus, expected future airline profits are lower and consequently 

dividends will be lower. Hence, the current stock price must be lower to reflect the 

lower path of future stream of dividends. In other words, the observed fall in stock 

prices can be seen as the direct result of such a process.        

3.2 Terrorism and Airline Stock Returns 
The returns of the airline stocks also fallen sharply, reflecting the drop in stock 

prices. Excessively low raw returns were recorder in both sides of the Atlantic but 

notably in the NYSE traded airline stocks. In particular, Continental Airlines and 

Delta Airlines all traded in the NYSE showed raw returns of -49.41% and -44.59% 

respectively. The LSE traded stocks, British Airways and Easyjet had raw returns of  

-21.21% and -11.46% respectively. The Paris and Amsterdam Stock Exchange stocks, 

Air France and KLM had raw returns of –16.25% and –22.48% respectively. The 

graphs below depict the path of daily excess returns from 08/01/2001 up to 

07/12/2001.  

[Insert Figure 2 about here] 

Moving away from the effect on prices and focusing on returns, the relevant 

framework is now that of the CAPM. Provided that the adverse demand shock 

discussed earlier is affecting only the airline industry, then by default is characterised 

as industry-specific. In other words, airline stocks should be considered as being 

riskier in the CAPM sense since an investor can actually diversify this type of risk. 

Thus, according to the CAPM, once the ‘corrective’ action in prices has taken place 

returns should be described the process in equation 1. In fact, this is a testable 
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hypothesis: provided that the post September 11 period developments do not affect 

the market as a whole then airline stock betas should be unaffected by the terrorist 

incidents because they do not alter the assets’ systematic risk. 

In contrast, to the extent that the war on terrorism exerts a negative impact on 

the market as whole and therefore constituting systematic risk airline stocks will be 

affected. Moreover, one would expect airline stocks to exhibit higher sensitivity than 

the average stock (corresponding to other than the airlines sector).  

What is more obvious is that airline stocks’ total risk must have increased, 

implying that idiosyncratic risk has increased, which should not be priced in 

equilibrium. This is a second testable hypothesis: airline stocks should exhibit higher 

total risk, with their returns being more volatile. Finally, one would expect this to 

affect trading spreads, which should be wider. Thus, we address the following 

empirical questions: 

Q1: Have airline stock betas increased in the post September 11 era? If yes, by what 

magnitude has systematic risk increased?  

Q2: Are airline stocks more volatile (unconditionally and conditionally) in the post 

September 11th period?  

Q3: If the answer, to both Q1 and Q2 is yes, has the ratio of systematic risk to total 

risk changed?  

4. Econometric Methodology 
In order to explore Q1, namely the stability of beta coefficients in the pre and 

post terrorist incidents implying that there is no change in the systematic risk of 

airline stocks we estimate beta’s by employing equation (1) whose parameters are 

estimated by OLS. Essentially, our estimation and testing strategy is conditional on 

the assumption that systematic risk can be measured within the Market Model.  
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The parameter of interest, beta, is estimated for the pre and post terrorist 

incident periods in order to assess its stability. Moreover, to further assess the stability 

of the beta coefficient we (i) employ a recursive estimation (Brown et al, 1975), 

which will enable us to trace the evo lution of systematic risk as more and more of the 

sample data are used in the estimation, and (ii) conduct a formal parameter stability 

test (Chow, 1960). In addition, we estimate betas by assuming a more general process 

for the error term’s conditional vo latility by allowing for a Generalised (Integrated) 

Autoregressive Conditional Heteroscedasticity (IGARCH) model (Bollerslev et al. 

1986). Then using the recovered betas we conduct the formal parameter stability tests.      

Q2 will be tested by applying a set of standard tests of variance equality on the 

two sub-samples of excess returns (Conover, et al, 1981). In fact, we will consider 

both the observed unconditional volatility of excess returns as well as the conditional 

volatility (IGARCH).  Finally, Q3 will be investigated by decomposing total risk into 

systematic and unsystematic according to the Market Model.    

4.1 Data Issues 
The dataset consists of the daily closing prices for five airline stocks covering 

the period 07/01/2001 to 07/12/2001. Two stocks are traded in the New York Stock 

Exchange (NYSE); Continental Airlines and Delta Airlines. The other two stocks are 

traded in the London Stock Exchange (LSE); British Airways, and Easyjet. One stock 

from the Paris Bourse; Air France, and one stock from the  Amsterdam Stock 

Exchange; KLM. Additionally, we collected the closing prices of the S&P-500, 

FTSE-100, CAC-40 and AMX as measures of the market portfolios for the US, the 

UK, the French and the Netherlands stock markets respectively. All series were 

collected from Datastream.  
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4.2 Empirical Results 
4.2.1 Stability of Beta 

In order to assess the effects of September 11 on the risk profile of airline 

stocks we will essentially investigate whether there has been any significant change in 

their respective betas. This exercise boils down to a stability test of the slope 

coefficient obtained from regressing the return of the airline stocks on the market 

return. Obviously, the stability test is conducted using as a reference point the 

September 11. The stability test is the well-known Chow (1960) parameter stability 

test.  We estimate the market model (equation 1) by (i) assuming that the error term 

follows a white noise process, and (ii) assuming that the error term follows a GARCH 

process (for an extensive discussion see Gourieroux and Jasiak, 2001). Thus, we 

estimate the parameters of the following model (for the GARCH case): 

( ) ( ), , , , ,i t f t i M t f t i tR R R Rβ ε− = − +                           3 
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Where iβ , 0a , δ  and γ  are constant estimable parameters.  

The estimation results are reported in Table 1 (Panel A: white noise errors, Panel B: 

GARCH errors)11.  

[Insert Table 1 about here] 

A similar picture emerges for the airline stocks across stock markets, 

irrespectively to the process assumed for the error term: Before the September 11 

airline stocks were associated with a beta significantly lower than one suggesting that 

although they carry systematic risk they could be thought as “defensive” stocks. From 

standard portfolio theory this implies that in a hypothetical scenario of a 1 percent 
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increase (decrease) in the market portfolio’s return, the return on a typical airline 

stock would increase (decrease) by les than 1 percent. Consequently, given the 

defensive nature of these assets according to the Market Model their expected return 

should reflect the fact that they provide investors a service; that of mitigating 

fluctuations in portfolio returns. In contrast, during the post September 11 period the 

systematic risk of airline stocks have dramatically increased. From defensive stocks, 

they have been transformed to aggressive stocks with betas well above one. In fact, 

the ratio of the pre and post September 11 beta coefficients is slightly above 3.   

 The formal parameter stability tests indicate that the null of parameter 

constancy is overwhelmingly rejected for all cases12. In other words, according to the 

Chow test the systematic risk of airline stocks has significantly increased since the 

terrorist incident of September 11. A visual testimony to this increase in systematic 

risk is given in figure 3 below where we plot the beta coefficients estimated by 

recursive least squares. The plots show quite clearly the abrupt increase in systematic 

risk after the September 11 showed by a ‘jump’ in the estimate, which has remained 

on this higher path ever since.  

[Insert Figure 3 about here] 

4.2.2 Equality of Volatility 
As a prelude we employ the excess returns’ unconditional volatility measured 

by their sample volatility. In particular, we calculate the volatilities for the two sub 

periods: before the September 11th and after. Essentially, we test the hypothesis that 

the two sub-samples exhibited the same unconditional volatility. The results from the 

battery of tests that were applied are reported in Table 2.  

[Insert Table 2 about here] 
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For all six cases the null hypothesis of equal unconditional volatilities was 

emphatically rejected implying that the unconditional uncertainty during the post-

September 11th period has been significantly higher as expected.  

 However, the measure of unconditional volatility might be misleading in a 

number of ways. For instance, it may reflect noise and therefore contaminate our 

testing procedure. Furthermore, from a finance-theoretic point of view what is more 

important is the conditional volatility, which effectively reflects the market’s 

assessment of uncertainty given the information available at the time of decision 

making. In order to calculate a measure of conditional volatility we re-estimate the 

market model (equation 1) by relaxing the assumption that the error term is following 

a white noise. This assumption is replaced by the rather more flexible one that the 

error term follows a GARCH process. Thus, conditional volatility is calculated by 

obtaining the fitted values for volatility from model 3.  

[Insert Figure 4 about here] 

4.2.3 Decomposition of Total Risk 
According to the fundamental concept that total risk can be linearly 

decomposed into systematic and the unsystematic risk one can achieve a numerical 

decomposition by effectively based on the Market Model. In particular, defining 2
,i Tσ  

as the i-th asset’s total risk, 2
Mσ  as the market portfolio’s volatility, and 2

iσ  as the 

asset’s idiosyncratic risk then the following is true for any asset: 

2 2 2 2
, *i T i M iσ β σ σ= +               5 

We are interested in the percentage of total risk corresponding to systematic risk as a 

way to quantify the increase in airline stocks’ systematic risk. So, we compute the 

following ratio: 
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[Insert Table 3 about here] 

In quantitative terms, conditional systematic risk has on average more than doubled 

(as measured by beta), while the percentage it represents over conditional total risk 

has almost shown a threefold increase. These results clearly have very important 

implications for portfolio diversification as well as for the airline stocks’ expected 

returns. 

5. Real Effects: Employment 
Apart from financial effects, terrorism is bound to cause a set of real effects as 

well. In particular, the most obvious one is that on employment levels in the airline 

industry. According to IATA’s estimates, the number of direct job losses in the global 

airline industry is about 200,000 as the result of September's terrorist attacks on the 

US13. According to the same report in the two weeks after the attacks IATA members 

cut their workforces by 7 per cent, or 120,000 people, mostly in the US 14.  

Focusing on the US airline industry which has been affected the most 

compared to other countries’ industries we will attempt to assess any other welfare 

effects over and above shifts in financial risk. In contrast to the measurement of shifts 

in financial risk assessing the effects on employment are rather more subtle and will 

probably be witnessed with some time lag. However, observing the immediate impact 

on labour productivity as well as demand conditions one may be able to measure, to 

some extent at least, the effects on employment. Table 4 reports a wide range of 

indicators for 2001 that can be used for the purpose at hand.  

 [Insert Table 4 about here] 

As also mentioned in the Introduction, there had been a downward trend in 

2001 even before the incidents of the September 11. However, the financial results for 
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the third quarter in 2001, which usually is the most profitable quarter for the airline 

industry, show a considerable reduction in demand (see operating profit and net 

income). Additionally, the spread between the breakeven load factor and the actual 

load factor reached an unprecedented level of 15 %, which effectively summarises the 

losses made during the third quarter of 2001. It should be mentioned however that 

figures for the third quarter are distorted given the three-day closure of the USA’s 

airspace in the aftermath of the terrorist attack. Of considerable importance for our 

analysis is the fall in labour productivity essentially measured by RTM’s per 

employee that dropped by 13.39 percent compared to the third quarter of 2000. As 

expected, the situation was further deteriorated in the fourth quarter of 2001. In 

particular, labour productivity fell by more than 14 % compared to the corresponding 

quarter of 2000. Moreover, the spread between the breakeven and actual load factors 

was more than 23 %. Figure 5 depicts the time paths of selected indicators which 

adequately describe the recent trends in the US Aviation Industry. 

  [Insert Figure 5 about here] 

The actual and full impact on employment was not yet known by the third 

quarter of 2001. Actual employment levels15 for the third quarter (2001) did not show 

any signs of decline. However, one would expect any effects to be observed during 

the fourth quarter since the shock took place at the end of the third quarter and 

therefore significant time had not elapsed so as to accommodate robust conclusions 16. 

The data for the fourth quarter reflected the drop in actual employment levels with a 

10 percent reduction in the number of full- time employees just from the third to the 

fourth quarter, while compared to the fourth quarter of 2000 employment level fell 

approximately by 8 percent.       
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However, as a means of measuring the effect of terrorism on employment 

levels we follow a very simple setup where we construct a linear model for airline 

labour demand on the industry level. In particular, in our empirical specification we 

aim at modelling the percentage change of (seasonally adjusted data to control for 

systematic seasonal variations) employment demand and assume it is an affine 

function of a set of lagged17 variables that represent: (i) labour productivity ( prod ), 

proxied by RTM’s per employee, and (ii) ( rpm ) which is a measure of the expected 

demand and is proxied by total scheduled Revenue-Passenger-Miles: 

( ) ( ) ( )0 1 2log log logt t t tE prod rpm uλ λ λ∆ = + ∆ + ∆ +                               7  

 
Where ( )log∆ •  stands for the percentage change, 0 1 2, ,λ λ λ  are constant estimable 

parameters, tu  is a disturbance term.  

 5.1 Data 
We employed aggregate data for all passenger airlines (Majors) sampled 

quarterly from 1995:Q2 until 2001:Q4 on the number of full-time employees, RTM’s 

per employee and total scheduled Revenue-Passenger-Miles. The data were supplied 

by the US Department of Transportation Office of Aviation Analysis. 

5.2 Estimation Results 
The actual estimation used information until 2001:Q3 effectively reserving the 

2001:Q4 observation in order to assess the impact of terrorism (essentially to be 

compared with the model’s predicted value). We report the relevant estimation results 

for equation 7 in Table 5. 

[Insert Table 5 about here] 
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The use of percentage changes in the relevant variables allows us to estimate 

the elasticity of labour demand with respect to productivity and expected demand and 

furthermore surpasses any potential problems that might affect estimation of equation 

(7).  Additionally, given that the primary use of the estimated model is to forecast 

employment we also report a number of indicators which confirm the model’s 

adequacy as a forecasting ‘tool’. In particular, we report the values of Theil’s 

inequality coefficient as well as the bias proportion, the variance and the covariance 

proportion of forecasts (see Pindyck and Rubinfeld, 1998).  

The model’s explanatory is satisfactory and it also successfully ‘passes’ a 

battery of standard diagnostic tests18. As it is apparent, changes in labour demand 

exhibit statistically and economically significant elasticity with respect to changes in 

labour productivity. The point estimate indicates that a 1% increase in labour 

productivity would lead to approximately 0.6% increase in labour demand. Similarly, 

a 1% increase in expected demand would lead to approximately 0.1% increase in 

labour demand. Moving to the 2001:Q4 forecast the model suggests a drop in labour 

demand of 6.01% compared to the actual drop of 10%. Figure 6 depicts the model’s 

forecasts (both in- and out-of-sample).  

[Insert Figure 6 about here] 

The difference between the forecast and the actual fall in employment can be 

explained by a variety of reasons. Apart from the obvious difference which is due to 

the forecast (statistical) error that clearly reflects any model’s inadequacy to capture 

unexpected events, an interesting question is what other factors might be important. 

Given that the model’s mean absolute forecast error is 2.07 percent and also that ratio 

of correct–to-wrong forecasted direction is 68 percent there is at least a 2 percent fall 

in employment which cannot be accounted for by our model. We attribute this to 
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expectations about the impact of terrorism on future demand for air travel services. 

Thus, our model attributes 6 percent of the drop in employment to the immediate 

impact of terrorism on employment decisions by airlines.          

 6. Conclusion 
According to formal stability tests the systematic risk of airline stocks has 

significantly increased since the terrorist incident of September 11. Furthermore, both 

unconditional, but more importantly, conditional volatility has dramatically increased 

in the post September 11 period reflecting the volatile environment and in particular 

the uncertainty surrounding the airline industry. Finally, by decomposing total risk 

into its constituents; systematic and idiosyncratic, our findings suggest  that 

conditional systematic risk has on average more than doubled (as measured by the 

beta), while the percentage it represents over conditional total risk has almost shown a 

threefold increase. These results clearly have very important implications for portfolio 

diversification as well as for the airline stocks’ expected returns. On the one hand, 

managers whose portfolios include airline stocks are now faced with a considerable 

increase in the undiversifiable risk they bear, which might have welfare effects and 

call for large flows as a result of portfolio reshuffling. On the other hand, airlines face 

even higher financial pressure since that apart from the adverse environment within 

which they now operate, they will have to produce higher returns to match the 

increased riskiness of their stocks, which might lead to non-prudential or aggressive 

tactics.  

Furthermore, using a rather simple linear model for the dynamics of 

employment we estimated that the immediate impact of terrorism on employment was 

about 6 percent, while about 4 percent was due to expectations about the future effects 

of terrorism on air travel demand.                              
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Tables 
Table 1 Estimation Results for the Market Model  

 Panel A: Market Model with white noise errors  
Stock Continental 

Airlines 
Delta 

Airlines 
British 

Airways 
Easyjet Air 

France 
KLM 

Whole Sample 
Beta 1.51 1.23 1.39 0.32 0.96 1.04 

t-ratio 3.62** 3.35** 5.66** 1.48 5.14** 5.02** 

2. Adj R  0.21 0.21 0.23 0.02 0.20 0.21 

Pre-September 11 
Beta 0.69 0.67 0.78 0.22 0.63 0.62 

t-ratio 5.53** 7.62** 4.73** 1.80 4.34** 4.07** 

2. Adj R  0.18 0.21 0.13 0.01 0.11 0.11 

Post-September 11 
Beta 2.84 1.59 1.86 0.13 1.14 1.29 

t-ratio 4.36** 5.14** 4.56** 0.30 3.49** 4.13** 

2. Adj R  0.32 0.24 0.25 -0.01 0.20 0.26 

Chow 
Break-

Point test 

44.57** 28.35** 10.05** 0.54 4.50** 3.29* 

Panel B: Market Model with GARCH errors  
Whole Sample 

Beta 0.89 1.25 1.09 0.38 0.78 0.67 
t-ratio 6.88** 3.44** 5.88** 2.45** 4.43** 4.63** 

2. Adj R  0.16 0.20 0.21 0.006 0.18 0.17 

Pre-September 11 
Beta 0.60 0.66 0.81 0.19 0.58 0.62 

t-ratio 6.14** 7.75** 5.70** 1.72 4.35** 4.19** 

2. Adj R  0.16 0.20 0.13 0.002 0.10 0.10 

Post-September 11 
Beta 2.86 1.73 1.87 0.45 0.82 1.09 

t-ratio 8.07** 5.48** 5.13** 2.00* 3.90** 7.04** 

2. Adj R  0.27 0.18 0.22 -0.09 0.14 0.22 

Chow 
Break-

Point test 

112.18** 134.42** 15.76** 4.83** 7.33** 14.73** 

Notes: Panel A: Robust t-ratios based on White (1980). One (two) asterisk denotes 
significance at the 5 and 1 percent levels. Panel B: Volatilities based on a 
GARCH(1,1) model estimated by the Bernt et al (1974) algorithm (BHHH) used to 
maximise the likelihood function and using Bollerslev and Wooldridge (1992) robust 
t-ratios. One (two) asterisk denotes significance at the 5 and 1 percent levels. 
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Table 2 Equality of Unconditional/ Conditional Volatility tests  

 Continental 
Airlines 

Delta 
Airlines 

British 
Airways 

Easyjet Air 
France 

KLM 

Panel A: Unconditional Volatility  
Standard Deviation 

Pre-
September 

11th 

2.43 2.15 2.48 1.70 2.44 2.14 

Post-
September 

11th 

6.84 4.38 6.62 4.99 5.42 6.26 

F-test 15.50** 12.17** 7.10** 8.51** 4.92** 8.51** 

Siegel-
Tukey 

51.22** 32.86** 61.26** 37.32** 14.97** 56.61** 

Bartlett 198.71** 165.41** 109.02** 130.40** 71.37** 125.17** 

Levene  60.26** 31.18** 80.81** 52.85** 35.82** 73.72** 

Brown-
Forsythe 

56.99** 26.00** 80.68** 52.87** 35.71** 73.72** 

Panel B: Conditional Volatility 
Standard Deviation 

Pre-
September 

11th 

14.39 12.34 7.00 3.61 6.59 4.11 

Post-
September 

11th 

27.90 13.65 32.43 24.07 16.44 6.13 

F-test 3.07* 592.63** 16.53** 95.51** 29.88** 45.35** 

Siegel-
Tukey 

4.45** 7.84** 81.71** 22.91** 41.34** 32.99** 

Bartlett 20.68** 831.19** 220.43** 515.61** 313.68** 361.30** 

Levene  10.02** 22.47** 145.37** 308.70** 329.47** 67.28** 

Brown-
Forsythe 

1.74 8.52** 97.61** 114.97** 162.94** 36.23** 

Notes: Panel A: One (two) asterisk denotes significance at the 5 and 1 percent levels. 
Panel B: Volatilities based on a GARCH(1,1) model estimated by the Bernt et al 
(1974) algorithm (BHHH) used to maximise the likelihood function and using 
Bollerslev and Wooldridge (1992) robust t-ratios. One (two) asterisk denotes 
significance at the 5 and 1 percent levels. 
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Table 3 Decomposition of Total Risk 

Stock (Systematic risk / total risk)*100 
post

pre

β
β

 

 Pre September 11 Post September 11  
Continental 

Airlines 
18.38 32.60 4.76 

Delta Airlines 22.14 28.90 2.62 
British Airways 3.76 28.16 2.30 

Easyjet 13.77 26.72 2.36 
Air France 12.33 22.19 1.41 

KLM 12.08 28.24 1.75 
Notes: The ratio of pre and post September 11 betas is based on the GARCH 
estimation.   

 
Table 4 Quarterly Financial Review for US Passenger Airlines (Majors) 

 2001Q1 2001Q2 2001Q3 2001Q4 
Operating 
Profit ($ 
Millions) 

-858.50 -724.40 -3,180.60 -4,316.80 

Net Income ($ 
Millions) 

-955.60 -729.20 -2,429.60 -3,256.1 

Passenger 
Revenue per 
RPM (cents) 

13.55 12.60 11.53 11.44 

Actual 
Passenger 

Load Factor 

68.40 % 73.5 % 72.4 % 66.1 

Breakeven 
Passenger 

Load Factor 

73.60 % 76.10 % 87.7 % 89.5 

Overall 
RTM’s per 
employee 

39.10 42.60 40.10 35.6 

Change over comparable period 12 months earlier 
Operating 
Profit ($ 
Millions) 

-1,573.40 -3,528.30 -5,124.40 -4,352.5 

Net Income ($ 
Millions) 

-988.90 -2,385.60 -3,172.80 -2,958.8 

Passenger 
Revenue per 

RPM 

1.00 % -6.00% -11.40 % -15.2 % 

Overall 
RTM’s per 
employee 

-2.97 % -3.83 % -13.39 % -14.42 % 
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Table 5  Estimation Results for changes in Labour Demand (1995:Q2 – 2001:Q3) 

Variable Coefficient t-Statistic 
Intercept 1.12 1.16 

( )log tprod∆  0.58 8.97** 

( )log trpm∆  0.09 5.23** 

MA(1) 0.61 8.97** 

MA(2) 0.97 15.71** 

2000:Q3 dummy -14.07 -5.78** 

Diagnostics 
R-squared 0.83 

Adj. R-squared 0.79 
F-statistic 18.55** 

Durbin-Watson stat 1.94 
Ljung-Box (2) stat  0.43 

ARCH(1) test 3.17 
Forecasting Performance Criteria 

Mean Absolute Error 2.07 
Theil’s coefficient  0.27 
Bias Proportion 0.003 

Covariance Proportion 0.99 
Ratio of correct–to-wrong forecasted 

direction  
68 % 

Notes: Robust t-ratios based on White (1980). One (two) asterisk denotes significance 
at the 5 (1) percent levels. We have also included an impulse dummy variable to 
account for the apparent decline in employment in 2000:Q3.     
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Figures 
Figure 1 Daily Closing Prices: 08/01/2001-07/12/2001            
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Figure 2 Daily Excess Returns: 08/01/2001-07/12/2001         
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Figure 3 Recursive beta estimates  
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Figure 4 Conditional Volatility 

Continental                                                    Delta 

 

0

10

20

30

40

50

60

50 100 150 200
    

10

20

30

40

50

60

50 100 150 200
 

 
KLM                                                               British Airways 

0

10

20

30

40

50 100 150 200
    

0

20

40

60

80

100

50 100 150 200 250
 

Easyjet                                                               Air France 

0

20

40

60

80

100

50 100 150 200 250
       

0

10

20

30

40

50 100 150 200 250
 



 27 

Figure 5 Selected Indicators for the US  Aviation Industry (Passenger/ Majors) 

Operating Profit (Loss) per RTM                           Productiv ity (RPM per 000 employees) 
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Figure 6 Employment forecasts vs. actual employment in Airline Industry (percentage changes; 
seasonally adjusted data) 
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Endnotes 
                                                 
1 The Insurance industry is also one of the sectors facing extraordinary conditions.   
2 Source : IATA Monthly International Statistics 
3 Source : IATA Monthly International Statistics 
4 The size of the monthly fall had not been seen since the immediate aftermath of the Gulf 
War.    
5 Source : IATA Monthly International Statistics 
6 Source : 2001 Corporate Air Travel Survey and Post September 11th Supplementary Survey.   
7 Business travel accounts for about 8 to 10 percent of passengers but produces over 40 
percent of commercial airline revenues.   
8 Either due to consolidation (M&A’s) or default.  
9 In fact two major carriers, Swissair and Sabena, declared bankruptcy shortly after the 
September 11 incidents.  
10 As far as the terrorist incident’s impact is concerned, an almost identical pattern was 
observed for airline stocks across world stock markets.   
11 The full set of results is available upon request from the author.    
12 The only exception is the case of Easyjet where the hypothesis cannot be rejected when we 
assume white noise errors.   
13 Indirect employment generated by the airline industry’s supply chain is also important but 
rather more difficult to pin down. In a recent report published in 1999, focusing on the UK 
airline industry it was estimated that it generated 200,000 indirect jobs over and above the 
180,000 direct jobs.      
14 No distinction is made however between full-time and part time staff.  
15 The only available data correspond to full-time employees in airlines.   
16 At least as far as full-time employees are concerned.  
17 We choose to employ lagged values so as to capture the existence of contracts and also the 
time needed until any adjustments by airlines are made as a response to shocks.     
18 It should be noted that the original assumptions about the whiteness of the error term were 
not satisfied and as it turned out a Moving Average structure was uncovered which was 
finally exploited in the estimation process.   


