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Abstract 

 

 For the past two decades, events on the world stage and particularly in the United States 

have serious implications for the operations of financial markets.  In this study, we will attempt to 

provide some insights into information dispersion before and after three particular events: the 

near collapse of Long Term Capital Management in August 1998, the Tech-Bubble Burst in 

March 2000, and the terrorist attack on September 11, 2001.  A study of these events will yield 

insights into the resolution of information uncertainties in the financial markets.  We estimated 

state prices and state price densities using Claims-based asset pricing (a la Ross (2000)).  We then 

used our results to gauge investor sentiments three months before and three months after each 

event.  We also used two new measures of the level of pessimism in the market during these 

events: skewness of the state price distributions and the percentages of discount states (with state 

price densities greater than one).  Our results clearly indicate that different markets reacted 

differently to the three events, and that there were different levels of information leakage in the 

markets for each event.  As expected, the impacts from the 9/11 event were immediate but short-

lived in both the SPX and NDX markets.  Further, our results show that event impact 

contamination played an important role in the over- and under-reactions to the three events.  More 

specifically, our results indicate that the LTCM event was closely related to and was probably 

precipitated by the Russian Currency Crisis.  As well, the 9/11 event occurred immediately 

following predictions of a U.S. economic recession, and three months prior to the declaration of 

the War on Terror.  Our results show lulls and peaks in market expectations which correspond to 

these separate and yet correlated events. 
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Chapter 1  

Introduction 
In the last decade, major events such as the September 11 2001 attack on the World Trade 

Center in New York and the Tech-Bubble Burst of 2000 have brought into question the stability 

and efficiency of the U.S. financial market.  To answer these questions, researchers must find 

some ways of quantifying the length and strength of financial market impacts from these major 

events.  In this study, we attempt to find the characteristics of market impacts from three major 

events which occurred at different levels of the economy.  By doing so, it is our hope to achieve a 

better understanding of these events, which can then be used to measure and perhaps even predict 

financial market impacts from future events.   

Why is such a study of importance?  A better understanding of characteristics of market 

reactions in major events is beneficial to many stakeholders, among whom are policy markers, 

regulators, investors, and scholars.  From the policy makers’ and regulators’ points of view, if it is 

possible to uncover the existence of information leakage due to market manipulations from 

market under- and over-reactions, these policy makers and regulators can devise appropriate plans 

of prevention and adjudication.  Furthermore, a better picture of the duration and breadth of event 

impacts will help decision-makers envision and implement plans of dealing with financial market 

volatilities as major events occur.  From the point of view of investors, knowing how markets 

react to major events will inform their decisions on portfolio selection and timing, as well as the 

appropriate courses of action during times of market turbulence.  As well, it is almost always true 

that more information means more power to the investors.  In terms of benefits to scholars, our 

study makes contributions to both the behavioural finance stream and state price distribution 

stream of study in finance.  Our study is, in fact, proof that not only are the two streams not 

contradictory to each other, but that they can actually complement each other. 
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In this study, we analyze the impacts from three major events from the points of view of 

information diffusion and aggregate investor reactions.  The three major events we have chosen to 

study are: the 1998 collapse of Long Term Capital Management, the 2000 Tech-Bubble Burst, 

and the September 11 2001 attack on the World Trade Center in New York.  We will analyze the 

effects of these three events on four markets: the Nasdaq 100 Index calls and puts markets, and 

the S&P 500 Index calls and puts markets.  The questions that we wish to answer are: Are there 

information leakages prior to each event?  Are there post-event impacts which extend beyond the 

event month?  If so, for how long do these post-event impacts last?  What are the sizes of 

immediate and cumulative impacts from each event?  Of equal importance to us is finding the 

answer to the question: “Do different markets, such as those on the Nasdaq 100 versus the S&P 

500 Index, react differently to different events?”   

In terms of the “big picture”, our study examines the impacts from events that occur at 

three different levels (organization, industry, and global) of the economy.  The 1998 collapse of 

Long Term Capital Management (LTCM from now on) originated from one individual firm, and 

thus we consider this event to have occurred at the organization level.  This leads us to the 

expectation of small and short-lived impacts on the overall financial markets from this event.  The 

2000 Tech-Bubble Burst occurred at the industry level, and we expect to and indeed find a long 

duration of market reactions in this event.  The September 11 2001 attack on the World Trade 

Center (9/11 henceforth) is a global-level event; it is a single act of terrorism whose occurrence 

cannot be predicted, and thus there should not be any pre-event market reactions, while short-run 

post-event reactions are expected to be very pronounced but short in duration.   

To achieve these ends, we first derive twelve propositions on the behaviour of event 

impacts in terms of pre-event information leakage, post-event impact duration, and impact size, 

which are based on the behavioural finance model of Hong and Stein (1999) and logical 

deductions.  After establishing our expectations on market reactions from the three major events, 

we then derive state price distributions.  These calculations follow from the Ross (2000) 
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innovations of the original Breeden and Litzenberger (1968) model on deriving state price 

distributions from contingent asset prices.  These estimated state price distributions are then used 

to obtain six measures of market reactions.  We then analyze changes in these measures to gauge 

the market impacts prior to, during, and after each event.  We also compare market impacts across 

the three events using these six measures.  We then make conclusions on our twelve propositions 

based on these analyses. 

Our analyses yield some intriguing results; particularly interesting is the difference in 

timing, duration, and size of market impacts between the calls and puts markets.  Our results also 

indicate that changes in most of our event impact measures can indeed be used to assess event 

impacts in terms of aggregate investor reactions.  However, we also find that different impact 

measures behave differently in different events, which leads us to conclude that a thorough study 

of any major event should utilize more than one measure of event impacts.  In the process of 

studying these measures and their changes during the three major events, we also come upon a 

constraining factor on event studies of this kind:  any conclusion on market impacts must be 

tempered if there were potential contamination influences from either pre-existing market 

conditions (e.g., the Russian currency crisis vis-à-vis the LTCM event) or consequential actions 

(e.g., the December 2001 declaration of War on Terror following the 9/11 event), or both.  We 

surmise that careful documentation of surrounding auxiliary events is a must in the interpretation 

of results from this type of event studies.  Finally, our results confirm our expectations vis-à-vis 

the 2000 Tech-Bubble Burst and 9/11, but not for the LTCM event. 

The rest of this paper is divided into six chapters.  Chapter 2 presents a brief review of the 

two streams of literature, that on claims-based asset-pricing, and that on behavioural finance.  

Chapter 3 will present our propositions on market reactions during the three chosen major events.  

Data collection, a description of the claims-based asset-pricing methodology, and estimation of 

the six event impact measures are described in Chapter 4, while Chapter 5 relates the estimated 
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impact measures to our propositions.  A summary of our results are reported in Chapter 6, and we 

present our conclusions in Chapter 7. 
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Chapter 2 

Literature Review 

2.1  Claims-Based Asset Pricing 

Banz and Miller (1978) (B&M from now on) estimate state prices by assuming a discrete 

distribution, i.e., they find point estimates of state prices.  Their approach is to derive state prices 

from the prices of European options over a range of exercise prices.  Since the prices of these 

European options are computed using the Black-Scholes option pricing formula, there might be 

some inconsistency with the usage of the Black-Scholes formula, based on continuous lognormal 

distribution, to derive claims prices that are defined discretely.  As Banz and Miller’s main goal is 

to find a way to estimate the net present values of long term projects, they estimate state prices 

over long horizons.   

Breeden and Litzenberger (1978) (B&L) derive state price distributions using a butterfly 

spread option trading strategy with four call options, for both discrete and continuous future 

payoffs on the underlying security.  In both cases, perfect markets are assumed.  For the 

continuous case, the pricing function is also assumed to be twice differentiable in the future 

payoffs, but no such assumption is necessary for the discrete case.  The authors also prove that, 

given two specific assumptions on preferences and aggregate probability beliefs, all assets can be 

valued using their expected future payoffs and state prices which are derived from prices of 

options on aggregate consumption.  In addition, the authors prove that, given that there is a one-

to-one mapping from aggregate consumption to aggregate wealth, the prices of options on 

aggregate wealth can be used to derive state prices on aggregate consumption.  Further, if we use 

the Black-Scholes option pricing formula to derive state prices, we implicitly assume that 

aggregate preferences exhibit constant relative risk aversion.  The discrete approach to obtaining 
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state prices is therefore more general, as it does not implicitly assume specific patterns of 

distributions in the aggregate preferences. 

After the publication of B&M and B&L, there were relatively few studies on the 

derivation of state prices during the 1980s.  The earliest paper to take an interest in their 

techniques was Longstaff (1990).  Since then, the literature has developed along three main lines: 

continuous versus discrete distributions, parametric versus non-parametric approaches, and 

adjustments for market imperfections in the estimation of risk-neutral probability functions.  

Previous articles which focus on continuous versus discrete distributions evolve along the 

line of either the B&M or B&L techniques.  Papers such as Ross (2000), Schraven (2001) and 

Neave and Ross (2001) use B&L’s methodology due to its simplicity in finding point estimates of 

state prices using discrete distribution.  The most important element that requires a leap of faith in 

these authors’ models is the assumption of a market-wide subjective distribution function.  In 

addition, Schraven (2001) finds that the estimations of state prices and state price densities are 

very sensitive to the choice of the underlying range and spacing of strike prices.  On the other 

hand, articles by Jackwerth and Rubinstein (1996) and Melick and Thomas (1997) derive 

continuous RNP functions.  The basis of these papers is that, as long as one has sufficient 

confidence in the assumed underlying pricing process or the assumed option pricing process, one 

can then easily and effectively derive the RNP function as per B&M. 

The B&M approach assumes that the Black-Scholes pricing formula is the correct pricing 

formula, i.e., that the underlying pricing function is lognormally distributed.  Longstaff (1995) 

and Melick and Thomas (1997) use this approach.  However, the assumption of lognormal 

distribution suffers from three main flaws: (1) it cannot account for extreme events such as the 

1987 stock market crash;  (2) it cannot account for non-stationarity in the time series of prices; 

and, finally, (3) it presupposes investor sentiments.  To counter these shortcomings of parametric 

approaches, several authors have come up with ingenious non-parametric approaches of deriving 

pricing processes.  Jackwerth (1999) performs an exhaustive survey on the literature.  The author 
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clearly divides the literature along the lines of parametric and non-parametric approaches.  These 

non-parametric models do not presuppose stochastic distributions of the underlying price process, 

and they are more closely related to the B&L methodology.  Although these approaches more 

closely approximate market behaviour in real life scenarios, it comes at a significant cost in terms 

of implementation complexity.  For example, Ait-Sahalia and Lo (1998) use kernel regression to 

obtain pricing kernels of European options.  These authors are obliged to use dimension reduction 

methods to reduce the number of kernel regressors necessary to arrive at the pricing kernel.  In 

particular, their dilemma highlights the tradeoff between estimation accuracy and data limitations. 

More recently, Rosenberg and Engle (2002) estimate Empirical Pricing Kernels from 

S&P 500 Index option prices, by assuming that the pricing kernels are either power functions or 

Chebyshev orthogonal polynomials.  They also empirically estimate the objective probability 

density function by using the GARCH(1,1) process.  They find that their asymmetric GARCH 

process produces pricing kernels that are better at reproducing prices of traded assets.  Rosenberg 

and Engle’s model present a simple and less costly alternative for the estimation of state price 

distributions. 

Another major line of inquiry in this literature is the investigation into the impacts of 

transaction costs and other market imperfections on the estimation of the RNP function.  

Longstaff (1995) shows that in markets with transaction costs and trading illiquidity, the non-

arbitrage rule/law of one price no longer holds.  That is, with transaction costs and illiquidity, the 

expected value of payoffs from an asset estimated using the martingale probability distribution 

will not equal its current or market price.  From this result, the author draws the conclusion that 

assets in an imperfect market must be priced by equilibrium, and not by the no-arbitrage rule.  

Other authors (Milne and Neave (1994), etc.) concur that, with market imperfections, we would 

only be able to estimate ranges of state prices instead of exact point estimates.  Where the exact 

prices will land depends on the equilibrium market conditions that prevail at the time of trading.  

In a parallel vein, Balduzzi, Foresi and Hait (1997) find that, due to the existence of market 
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imperfections such as transaction and information costs, investors may trade at discrete price 

barriers.  In this case, prices will exhibit jump patterns.  Balduzzi, et. al show that a payoff 

distribution function made up of three lognormal functions can more closely track the price 

process of assets than can one with a single lognormal function.  Given this, the next logical 

question for us to ask is: if the underlying price process exhibit jumps will it be true that the RNP 

measure will exhibit jumps as well?  If the answer is yes, then the method purported in B&L 

(1978) may be more appropriate, as it does not require any assumption on the underlying 

distribution. 

Other areas of interest currently developing in this literature include the use of constant 

versus variable risk-free interest rates, the contrast between models for short-term and long-term 

forecasting purposes, and the models based on parameterization of American option pricing 

formulae.  Depending on the purpose of the study, different authors express different opinions on 

the relevance/importance of assuming constant risk-free interest rates.  B&M believe that, within 

the pricing period, it is reasonable to assume constant interest rates, while varying the interest 

rates between periods.  However, this raises the question of “how long is a period in which risk-

free rates will remain constant?”  Most authors seem to agree that, as long as interest rates do not 

change drastically over the pricing (study) period, the constant interest rate assumption will not 

affect the state price estimation much (see Schraven (2001), and Madan and Milne (1994)).  A 

further question might be: “If we are interested in forecasting prices over the long-term, then will 

it be worth our while to incorporate future changes in interest rates into our models?”  Based on 

historical evidence, it would seem that the answer is “it depends.”  If we are looking at periods in 

which interest rates are relatively stable, then the assumption of constant risk-free rates is 

reasonable.  However, if our data include periods of volatile interest rates, then our results will be 

biased.  In the case of this paper, as we are studying the effects of catastrophic information 

events, we will be using the B&L method with daily interest rate changes. 
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Due to the possibility for early exercise, the pricing of American options is path-

dependent, and therefore, the traditional Black-Scholes model cannot be used to derive risk-

neutral probability functions.  So far, researchers can only find upper and lower bounds of the 

RNP function when it comes to American options.  A recent attempt is Melick and Thomas 

(1997), who assume that the final outcomes/payoffs of the underlying asset follow a multiple 

lognormal distribution.  They find that this distribution, at least in terms of the pricing of 

American options, performs better than the usual single lognormal distribution applied in the 

Black-Scholes formula.   

 In sum, the literature on claims-based asset pricing has focused on the proper methods for 

the estimation of state price distributions.  The lines of inquiries have evolved over the years to 

include analysis of the differences between continuous and discrete distributions, parametric 

versus non-parametric approaches, and the inclusion of other variables such as transaction costs 

and changing interest rates into the models.  In this paper, we will go one step further by utilizing 

one of these models (non-parametric, discrete distributions with changing interest rates) to 

estimate the changes in the state price distributions during periods of immense upheavals in the 

financial markets.  We will then interpret the results in an attempt to answer the following 

questions: Do pricing patterns in the underlying markets carry over to the contingent claims 

markets?  If so, can we find patterns in the state price densities which are similar to those 

occurring in the underlying market prices?  Can we then interpret these results and relate them to 

patterns of information dispersion within the markets?  To answer this last question and further 

questions on how investor behaviours affect security returns, financial theorists have turned to the 

arena of behavioural psychology and boundedly-rational security pricing.  The literature on 

behavioural finance is reviewed next. 
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2.2  Behavioural Finance  

The emergence of the field of behavioural finance can be traced back to research articles 

that show that the Efficient Market Hypothesis does not always work in real life.  Many of these 

articles perform tests to validate various anomalies in stock market performance, most notable of 

which are the momentum anomaly (Jegadeesh and Titman (1993) and Rouwenhorst (1998)), 

long-term reversals of stock returns (DeBondt and Thaler (1985 and 1987), and the ability to 

predict future returns using variables other than asset beta (Fama and French (1992) and Brennan, 

et. al. (1998)).  Other more exotic types of anomalies have been found as well.  For examples, 

Saunders (1993) and Hirshleifer and Shumway (2003) find that stock returns are lower on cloudy 

days than sunny days; Kamstra, et. al. (2000) find lower returns on days around the weekend of 

the daylight savings time change; and, Edmans, et. al. (2005) find that the outcome of certain 

sporting events can have impacts on asset returns.   Some researchers focus directly on the 

informational inefficiency of markets by studying the manipulation of accounting data and the use 

of market timing before new equity issues and stock repurchases (Teoh, et. al. (1998), and Brav, 

et. al. (2005)).1   

There is more than one extant theory in behavioural finance on the way by which 

information is processed and subsequently reflected in asset prices.  Behavioural finance is a 

particularly difficult and controversial area of study, as there are myriad theories of human 

psychology and behaviour that may fit the patterns of investor reactions and behaviour in the 

financial markets.   

Two notable and must-read articles from this emerging branch of finance are: Daniel, 

Hirshleifer, and Subrahmanyam (1998), and Barberis, Shleifer, and Vishny (1998).  The former 

hypothesizes that a group of investors may be overconfident in their own ability to detect and 

process new information, while at the same time, some investors may also be suffering from self-

                                                           
1 Subrahmanyam (2007) offers an extensive review of research on stock market anomalies. 
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attribution bias; i.e., the attribution of one’s successes to one’s own abilities on the one hand, and 

on the other hand, the attribution of one’s failures to others’ inabilities or unforeseen 

circumstances not within one’s control.  As a result of both overconfidence and self-attribution 

biases in investors, prices tend to overreact to new information in the short-run (momentum).  

But, once everyone in the market receives and correctly interprets the true information set, prices 

will return to equilibrium levels, thus creating negative return autocorrelations over the long-run.  

Barberis, Shleifer, and Vishny (1998), on the other hand, hypothesize that investors operate 

according to the principle of “representativeness”, i.e., they see patterns in prices that may or may 

not exist in reality.  These authors then build a model with the assumption that investors either 

perceive prices as mean-reverting or upward-trending, and their reactions to new information will 

therefore be either biased downward or upward.  As a result, market prices will under or over-

react in the presence of new information.  Daniel, et. al. (1998) and Barberis, et. al. (1998) bring 

to light the tremendous potential of using extant theories in psychology to model investor 

behaviour and to explain the patterns of short-run positive autocorrelations and long-run negative 

autocorrelations in asset returns.  Taken together, these papers also expose the primary weakness 

of inquiries in the field of behavioural finance.  That is, a resourceful researcher can use a number 

of different psychological models to explain the same phenomenon in the financial markets.  

Even though having more than one model to explain the same (and, some may even argue, any) 

phenomenon may not necessarily be a bad thing, it does present some difficulties when using 

these models to form testable and congruent hypotheses.  For example, if we believe that some or 

all of these theories apply to some or all investors some or all of the time, it would be quite 

impossible to delineate the behavioural pattern that “kicks in” for a particular group of investors 

during a particular information event. 

Other interesting behavioural finance papers include Roll (1986), in which the author 

proposes that hubris plays a major role in merger and acquisition decisions of financial managers,  

Barberis, et. al. (2001) and Barberis and Huang (2001), which use loss aversion to explain 
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excessive stock price fluctuations, the equity premium, and momentum in stock returns, and 

Hong, et. al. (2004) which shows that stock market participation may be influenced by social 

interactions between investors.  For interested readers, Subrahmanyam (2007) provides an 

excellent review of the behavioural finance literature. 

To resolve the conundrum of “One phenomenon, many theories”, some researchers have 

modeled investor behaviour by focusing on the interactions between groups of investors, and how 

these interactions lead to price changes, overreactions, and underreactions.  One example is 

Scharfstein and Stein (1990), who purport that information asymmetry amongst investor groups 

will encourage investors to herd on particular securities.  That is, most investors and analysts 

gather information on certain “popular” securities while other less popular securities are being 

ignored.  As a result, new information on closely-scrutinized securities is quickly disseminated, 

absorbed, and reflected in their prices, while news on other less scrutinized securities is 

incorporated into their prices slowly and gradually.  For example, blue-chip stocks such as IBM 

are closely followed by analysts, and thus any new information on IBM is liable to be collected, 

processed, and priced almost instantaneously.  In contrast, information on small high-tech firms is 

harder to come by, since they are followed by few analysts.  As a logical consequence of this 

system of disparate information gathering and processing and the resulting herding on particular 

securities, expectations more fully reflect new information in blue-chip stocks (e.g., S&P 500) 

than in smaller and less-analyzed stocks (e.g., Nasdaq 100).   

Another article which models investor interactions is Hong and Stein (1999) (henceforth, 

H&S).  In H&S, the authors modeled over- and underreactions in stock returns by making two 

essential assumptions: 

1. Information disperses slowly and gradually over time, and 

2. The market consists of two groups of boundedly-rational investors (the Newswatchers 

and the Momentum Traders) who base their investment decisions on two distinctive 

criteria.  The Newswatchers receive new information gradually, and react only to this 
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new information and nothing else.  On the other hand, the Momentum Traders’ trades are 

based on their observations of current prices and nothing else. 

Given these two assumptions, the authors propose that the Newswatchers first underreact to new 

information on an asset as they each adjust their trades to gradual information flows that occur in 

discrete steps.  The duration of underreaction is positively related to the number of Newswatchers 

in the market.  Momentum Traders, on the other hand, observe and react to the gradual changes in 

market prices caused by the Newswatchers reactions; that is, Momentum Traders behave as trend-

chasers.  The momentum caused by the combination of Newswatchers’ delayed reactions to news 

and Momentum Traders’ follow-up trades will subsequently lead to changes in asset prices that 

are larger than warranted by the new information.  This overreaction will then slowly subside as 

the new information is fully revealed to all the Newswatchers, and the Momentum Traders slowly 

adjust their trading behaviour to accommodate the equilibrium price of the asset.  The duration of 

overreaction will depend on the Momentum Traders’ aggregate risk tolerance as well as their 

aggregate investment horizon as compared to the number of Newswatchers in the market.  The 

more risk tolerant Momentum Traders are, the longer the duration of overreaction.  If the 

aggregate investment horizon of Momentum Traders is larger than the number of Newswatchers, 

the overreaction period will be longer than the case when the aggregate investment horizon of 

Momentum Traders is smaller than the number of Newswatchers.  In sum, according to Hong and 

Stein (1999), the time-span and size of event impacts depend on three vital factors: 

1. The number of Newswatchers, which represents the inverse of the speed with which 

information are transmitted.  The larger the number of Newswatchers is, the slower 

information is to leak out completely, and thus, the longer it will take for prices to return 

to equilibrium.  Thus, the number of Newswatchers affects pre-event information leakage 

and post-event impact duration. 

2. The risk tolerance of the Momentum Traders.  The more risk tolerant the Momentum 

Traders as a group are, the longer event impacts will last, and the bigger the pricing errors 
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and variance changes will be.  Thus, the risk tolerance of the Momentum Traders affect 

the post-event impact duration and size. 

3. The holding horizon of the Momentum Traders.  The longer the Momentum Traders’ 

holding horizon, the longer it will take for the market overreactions to correct themselves, 

and thus, the longer the event impacts will last.  Thus, the investment horizon of 

Momentum Traders affects the post-event impact duration. 

 The implications of the H&S model are many.  One of the more obvious implications is 

that the slower information is to leak out, the longer it will take for underreaction and 

overreaction cycles to play out in asset prices.  Similar to Scharfstein and Stein (1990), H&S 

purport that stocks of small firms and those that are followed by few analysts fall into this 

category of assets with slow information dispersion and large cycles of under- and over-reaction.  

H&S propose that “The longer the momentum traders’ horizon j, the longer it takes for the 

autocorrelations to switch.”  (p. 2166)  As a result, overshooting of prices on smaller and under-

analyzed stocks will last longer, and may perhaps be more pronounced.   

 The H&S model is supported by results from a number of studies.  Their proposition that 

momentum patterns in stock returns arise from slow information diffusion is supported by the 

results in Chan, et. al. (1996).  Hong, et. al. (2000) show that U.S. stocks with fewer residual 

analysts display larger momentum in their returns, while Doukas and McKnight (2005) prove that 

the same is true for European stock returns. 

In summary, the literature on behavioural finance seems to be converging on the 

following contentions: 

1. negative and positive autocorrelations in asset returns are a result of disparate investor 

expectations and behaviours; 

2. different behavioural and psychological models can be applied to the study of disparate 

investor behaviours; 
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3. information asymmetry could also play an important role in the underreaction and 

overreaction of security prices to information events; and, 

4. information is disseminated at different speeds in different securities, thus explaining the 

different rates of price adjustments to new information on financial assets. 

 

2.3  Contributions of this study 
 In this study, the claims-based asset pricing model developed by B&L (1978) and 

subsequently refined by Ross (2000) is used to estimate state prices in the S&P 500 and Nasdaq 

100 indices on dates surrounding three different events: the August 1998 Long Term Capital 

Management episode of financial distress, the March 2000 technology bubble burst, and the 

unfortunate event on September 11, 2001 (LTCM, 2000-Burst, and 9/11 from now on).  If the 

assumptions from the H&S model are valid, the effects of these events would have been 

embedded gradually into asset prices.  We will first examine the possibility that these slow 

adjustments of asset prices to new information translate into similarly slow adjustments in 

contingent claims prices estimated from these underlying asset prices.  Using the estimated state 

price distributions, we will then attempt to infer the information leakage, impact duration, and 

impact size in the financial markets from the three events.  As well, we will examine the 

possibility that the information leakage, impact duration, and impact size during traumatic events 

depend on the different types of information (geo-political, private company, or industry-specific) 

being released.  For example, a geopolitical event such as 9/11 should have a “global” impact on 

financial markets, i.e., the impact on markets for both S&P 500 and Nasdaq 100 should be similar 

in magnitude and directions.  On the other hand, the effects of events such as the 2000-Burst 

should be more specific to the industry, and thus, to the Nasdaq market in which much of the 

trading in technology stocks take place.    

 This study contributes to the literature in three ways:  
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1. We add to the Hong and Stein (1999) model by applying their model on a macro scale.  We 

further propose that the model should take into account the idiosyncratic characteristics of 

each event and their influence on different levels of the economy (organizational, industrial, 

or global).   

2. From (1) above, we can then form the expectation that different events cause different levels 

of uncertainties, and these are then resolved or understood by investors at different rates.  

Thus, market prices will move toward equilibrium at different rates for different events.  We 

propose expected implications on cross-market comparisons (NDX versus SPX) on the 

duration and size of the impacts plus pre-event information leakage from three catastrophic 

events.  We also propose expected implications on the cross-event comparisons based on 

duration and size of impacts plus pre-event information leakage from the three events. 

3. Instead of using ex-post security returns to examine information integration, this study 

utilizes state price distributions.  A state price is, by definition, the present value attributed to 

a $1 payoff in a particular state at a particular time in the future.  As such, one-month-ahead 

state prices will give us an indication of investor sentiment on the possible payoffs they 

expect in 30 days. 

At the completion of this study, we hope to have gained some insights into whether major 

financial events produce the same or similar pattern of reactions and reaction times, whether these 

reactions and reaction times are similar across different markets, and whether there are any 

possibility for predicting market reactions and reaction times in major events using the models 

developed in this paper. 
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Chapter 3 

Propositions of Event Implications on the S&P 500 and  

Nasdaq 100 

 H&S assumes that information affecting security prices are fully disclosed to investor 

groups gradually over time.  In this paper, we assume in general that information affecting whole 

markets or whole economy are also distilled and absorbed gradually by investors.  Logically 

speaking, this assumption is not so farfetched.  Perhaps aside from specifically-announced 

variables such as the federal interest rates and the inflation rate, it is entirely possible that no one 

group of investors is completely and fully informed about the exact future movements of macro-

market indices such as the S&P 500 and the Nasdaq 100.  This brings us to our second 

assumption: as per H&S, we also assume that there are different groups of investors who obtain 

their information at different points in time, and who therefore react at different times to the same 

information.  In our case, we will look at the effects of three different public events (LTCM, 

2000-Burst and 9/11) on two types of financial markets (large blue-chip stocks represented by 

S&P 500 and smaller riskier stocks represented by Nasdaq 100).  These three events are chosen 

not only for their impact magnitudes, but also for the fact that they had arisen from three different 

sources and are at three different levels of the economy.  The LTCM stemmed from the near 

collapse of a private organization (firm-level), the 2000-Burst originated in the high-tech industry 

(industry-level), while 9/11 occurred in a specific country (country-level or global-level).   

By reflecting upon how investor reactions to these events depend on the speed with 

which information is dispersed amongst different groups of investors, we can arrive at a few 

simple propositions on how these events will play out in each market.  For example, due to the 

relative suddenness of its occurrence, the short-term market impacts of LTCM may be more 

immediately obvious than that of the 2000-Burst.  One advantage of studying LTCM is that, 
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although the firm’s operations were shrouded in secrecy prior to the end of August 1998, the 

time-line of events leading to its near-collapse and eventual bailout was quite clear and has been 

reported upon extensively2.  As such, we can use this time-line to model a pattern of event 

impacts, and then observe the actual reactions in the markets and compare them to the predictions 

from our model.  At the other end of the spectrum, although there are clear short-term and 

immediate repercussions after 9/11, its long-term impact on financial markets may be the most 

uncertain, due to its effects on certain industries such as the airline, tourism, and the oil and gas 

industries, and on political decision making that would ultimately lead to combats and bloodshed 

on many foreign soils.  9/11 was also a random geopolitical event which cannot be predicted by 

any investor or institution, and it is, therefore, logical to expect that, unlike the LTCM and 2000-

Burst, there would be no signs of information leakage prior to September 11th 2001.  As such, this 

event would serve as an important control for the other two events in terms of information 

leakage prior to the event date.  These and other issues will be further discussed below as we 

develop our propositions of implications from these events on the S&P 500 (SPX) and the 

Nasdaq 100 (NDX) markets. 

 We have divided our study of event impacts along the lines of three impact 

characteristics: information leakage prior to event date, duration3 of post-event impact, and size 

or area of influence of event impact.  The rest of this chapter will be devoted to developing and 

presenting the propositions of implications of the three events on the NDX and SPX markets.  

These expositions are grouped in subsections for each of the events (LTCM, 2000-Burst, and 

9/11), with discussions on information leakage, impact duration and size in each event sub-

section.  Further propositions on comparisons of event impacts across the three events in terms of 

information leakage, impact duration and size are then presented. 

                                                           
2 See When Genius Failed: The Rise and Fall of Long-Term Capital Management by Roger Lowenstein (2000) for a 
detailed description of this event.  For a chronology of this event, please see Appendix A. 
3 Duration, according to the Cambridge Advanced Learner’s Dictionary (2003), means “the length of time that 
something lasts.”  Although this terminology creates some confusion with the term “duration” used in bond pricing, it 
is nevertheless the most appropriate for our purposes. 
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 Before proceeding, a few words must be said about the “event dates”.  Since events could 

actually evolve as a sequence of occurrences over time, it is sometimes difficult to pinpoint the 

exact date on which an event had occurred or are accepted to have occurred.  In this study, we 

know the exact date of one event (9/11) but not the exact dates of the other two (LTCM and 2000-

Burst).  Lowenstein’s (2000) expositions on LTCM identify August as the month in which things 

started to deteriorate for LTCM and September 14 as the date on which full information was 

disclosed to LTCM’s major investors.  The SPX peaked at 1101.2 on August 18 1998, and 

bottomed out at 957.28 on August 31 1998, a decrease of 143.92 over the 13-day period4.  The 

NDX hit the peak of 1855.12 on August 18 1998, but fell to 1499.25 on August 31 1998, a 

decrease of 355.87 points in the space of 13 days.  Based on these observations and for the sake 

of completeness, we will designate an event month of August for the LTCM event.  On the other 

hand, the news media reports on the 2000-Burst had focused on the date of March 20 2000, the 

day on which the NDX attained a trough of 4610 point, while other researchers point to an earlier 

date of March 10 2000, the day on which the NDX hit a high of 5048.62, which more than 

doubled its value from just one year earlier.  Over the course of 10 days, the NDX had fallen by 

438.62 points.  It is important to note that from March 10 to March 20 2000, the SPX actually 

rose from 1395.07 to 1456.63, an increase of 61.56 points.  Based on the observations in the NDX 

market, and for the sake of completeness, we will designate an event month of March for the 

2000-Burst. 

 
3.1  Propositions on LTCM impacts 

3.1.1  Pre-event Information Leakage     

The losses sustained by LTCM were precipitated by the Russian currency crisis, and as 

such, it would have been reasonable to assume that some signs of informational leakage would 

have occurred before the event.  That is, one might expect the state prices to reflect the risk of an 

                                                           
4 All index numbers (for both SPX and NDX) are closing price adjusted for dividends. 
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adverse impact on LTCM’s fortune one to two months prior to the event month of August.  On 

the other hand, according to Lowenstein (2000), the company’s operations were shrouded in 

secrecy, and as such, pre-event information leakage was actually quite minimal.  In fact, the first 

time that the financial markets became aware of LTCM’s financial problems was when one of its 

investors leaked the news to Bloomberg on September 2 1998 (see chronology of event in 

Appendix A).  With minimal information leakage from the company, we would expect to see only 

slight reactions in the early days of LTCM’s trouble (which started in July).  In addition, since 

LTCM was not a listed stock, we would not expect Newswatchers in the markets to gain access to 

information on LTCM before anyone else, and thus we reach the conclusion of small pre-event 

variations in both the NDX and SPX markets.  With these arguments in mind, we propose the 

following: 

P1:  Pre-event state price distributions in both NDX and SPX markets would show small to 

minimal variations prior to the event month of August 1998, signifying low to minimal pre-event 

information leakage. 

 

3.1.2  Post-event Impact Duration  

LTCM originated from a private organization, and although relevant portfolio return 

information was initially kept secret from its investors, the publicity generated by a federally-

assisted bailout led to much public scrutiny, which in turn quickly disseminated information to all 

investors.  According to Lowenstein (2000), before September 14th 1998, no one in the market 

knew the complete details of LTCM’s trading portfolio.  Although LTCM started losing money in 

late June 1998 and almost became insolvent by late August 1998, the market’s reactions were still 

lukewarm prior to September 14, on which date LTCM’s management team allowed 

representatives from Goldman Sachs to look through their “books” in order to raise funds to cover 

its speculative hedge transactions.  Soon afterwards, almost all the large financial institutions (i.e., 

the Newswatchers) became privy to LTCM’s portfolio information.    
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 Relating these observations to the H&S model, as information on LTCM’s cash flow 

difficulties was leaked out within a fairly short time (first leak on September 2 1998, and the 

bailout agreement was signed on September 28 1998), we would expect a very short duration of 

impacts post-event.  According to the H&S model, the period of underreaction depends on the 

number of Newswatchers; with fewer Newswatchers, information will have to be disseminated to 

fewer parties, and therefore information will be totally revealed within a shorter period of time.  

As there are relatively few Newswatchers on LTCM, one would then expect the period of 

underreaction in the financial market to the discovery of LTCM’s cash flow problems to be quite 

short, i.e., we would expect to see a very quick and short-term response to the revelation of 

LTCM’s bad news.     

H&S also proposes that the duration of overreactions depends on the aggregate 

investment horizon and risk tolerance level of the Momentum Traders.  As the company’s stocks 

were not traded on an exchange, there were no Momentum Traders in the company’s stocks.  As 

such, we would expect that there would have been virtually no period of overreactions.  In terms 

of the SPX and NDX markets, even though there would have been Momentum Traders in these 

markets, given that LTCM was not listed on the indices, we would still expect a fairly small and 

short period of overreaction.  Since all investors would have received the bad news in September 

at the latest, we could also expect investor reactions to be completed by the end of September 

(i.e., one month after the August event month). 

In sum, we predict that the post-event market impact from LTCM would be short-lived as 

investors quickly adjusted their expectations after the leakage of information on LTCM and its 

bailout.  Specifically, we propose that the state price distributions three months pre- and post-

event would be similar, as most of the information related to this event would have been 

assimilated into the state prices one month after the event month.  Accordingly, our proposition 

on duration of post-event impact from LTCM is: 
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P2: The duration of the post-event impact from this event on both the NDX and the SPX markets 

would have been short and all information on LTCM’s bad news would have been assimilated 

into market prices by the end of September 1998. 

 

3.1.3  Impact Size  

The size of the impact of the LTCM event on each market will depend on the industry to 

which this organization belongs, and in which market it has the most influence.  Since LTCM’s 

investors were made up in large part by large financial institutions that were listed on the SPX, it 

is more likely that its demise would impact the SPX more heavily than it would the NDX.  In 

addition, the size of event impacts would have been different at different points in time.  

According to the sequence of events from Appendix A and the H&S model, we expect to see 

minor reactions in the market prior to the event month (i.e., during the three months prior to 

August 1998), with the majority of market reactions occurring at the end of August 1998 or even 

as late as mid-September.  However, we must also keep in mind that the LTCM event occurred at 

the organization level and that it is not even listed on the SPX or the NDX, and as such, its 

impacts on these two markets might turn out to be quite small.  Since there were few to no 

Momentum Traders on LTCM, the aggregate risk tolerance level of these traders does not come 

into play in deciding the impact size from this event. 

P3: The LTCM event would have a fairly small impact on the NDX and possibly a slightly larger 

impact on the SPX, and most of the event’s impacts would have been concentrated in the month of 

September 1998. 

3.2  Propositions on 2000-Burst impacts 

3.2.1  Pre-event Information Leakage   

As the Tech-bubble burst had been predicted by academics and investor groups long 

before the event actually occurred, we should see, for both SPX and NDX, a gradual decline in 
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state price distributions for all three months prior to the event month of March.  Using the H&S 

model, since there were many tech-stock Newswatchers, information was spread over a large 

number of investors, and therefore, there would have been a lengthy period of underreaction prior 

to the March event month.  Since many of these tech-stocks are listed on the NDX, we would also 

expect a larger number of Newswatchers in the NDX market and therefore there would have been 

a more pronounced underreaction in the NDX. 

P4:  Pre-event data should show gradual signs of decline in both markets; this pattern of gradual 

decline should be especially pronounced in the NDX.   

 

3.2.2  Post-event Impact Duration  

Since the 2000-Burst represented worldwide contractions within a major industry, one 

might expect to find significant declines in the markets for the three months following the March-

event-month.  In sharp contrast, using the H&S model, we would conclude that the duration of 

post-event impact would have been very short.  The logic, according to the H&S model, can be 

reasoned out as follows: during the last decade of the 20th century, there were many day-traders 

who chase trends in daily asset prices.  These day-traders were behaving as an extreme form of 

Momentum Traders.  Since these day-traders have extremely short investment horizons, and since 

there were many Newswatchers to stretch out the underreaction period, H&S’s model would 

predict very strong overreactions during the month immediately following the event month of 

March.  The day-traders would then quickly assimilate the daily prices into their investment 

decisions, which would indicate a somewhat quick return to equilibrium prices after the March 

event month.  Assuming that day-traders are more likely to trade in the NDX market, we would 

then expect prices to quickly converge to equilibrium in the NDX market.  With regards to the 

aggregate risk tolerance levels of the Momentum Traders, again, day-traders’ preferences 

dominated the financial market during this period.  Day traders are famously fickle with their 

investments, and one could infer from this trait that they have very low risk tolerance, i.e., they 
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immediately move away from an investment when its risk level changes by a small amount.  With 

a lower aggregate risk-tolerance level, H&S model predicts a short overreaction period as well.  

However, on average, we expect the aggregate risk tolerance level of Momentum Traders in the 

SPX to be lower than the aggregate risk tolerance level of Momentum Traders in the NDX, and as 

such, we would expect longer duration of impact in the NDX market.  Hence, we have the 

following proposition: 

P5:  The post-event effects of the 2000-Burst on the markets would have lasted for a relatively 

short period of time.  Due to its close ties with the technology sectors, these effects would have 

been more apparent and lasted longer in the NDX market.   

 

3.2.3  Impact Size  

Since the Tech-Bubble Burst occurred in the high-tech industry, and since many of the 

companies involved in this event are listed on the Nasdaq, the reactions to the Tech-Bubble Burst 

should be more pronounced in the NDX than the SPX.  The increase in variability would have 

been very quick and sharp.  Casual observations suggest that there were considerably more 

momentum traders in technology stocks, and therefore, in the NDX market.  Furthermore, these 

investors would have higher risk tolerance level than those in the SPX market.  According to the 

H&S model, this is the recipe for stronger overreaction to new information.  We therefore 

propose the following: 

P6: Immediately following the March event month, there would have been very large variations 

in the state price distributions, and furthermore, the variations in the NDX would have been 

larger than those in the SPX market. 
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3.3  Propositions on 9/11 impacts 

 Modeling of this event directs our attention to a disadvantage of using the H&S model in 

this case: This model does not take into account the effects of sudden, uncontrollable events 

which cannot be “followed” by Newswatchers.  However, this case serves as a useful control. 

 

3.3.1  Pre-event Information Leakage 

As this is an event which could not (or should not) have been predicted by investor 

groups, there should not have been any significant pre-event variability on the state-price 

distributions. 

P7:  Due to the nature of this event, no pre-event information leakage could have occurred in 

either the NDX or the SPX. 

 

3.3.2  Post-event Impact Duration  

As information replaced misinformation in the markets, investor expectations would 

eventually catch up with the real impact of the event, i.e., this event had no major disruption to 

world production.  Thus, the effects of 9/11 on the stock markets should peter out soon after the 

event.  Note that we have not taken into account the long-term political and economic fallout 

from the War on Terror, or the general changes in risk attitudes of consumers and investors after a 

terror event of this magnitude.  Would this event cause a significant change in the investment 

horizons of Momentum Traders?  One can reasonably expect the answer to be a resounding 

“Yes”, and that investment horizons would have been reduced significantly due to the uncertainty 

regarding how this event would affect world economy in the near and distant future.  Shorter 

investment horizons, according to the H&S model, would result in a shorter overreaction period 

to the event.  We might also ask if and how 9/11 might change aggregate risk tolerance level of 

Momentum Traders.  Risk tolerance level should fall drastically due to the uncertainty of impacts 
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on the world economy.  The H&S model indicates that lower risk tolerance would lead to shorter 

duration of overreaction.  Therefore, according to the H&S model, we would expect to find a 

short duration of post-event impact on the financial markets.  Since neither NDX nor SPX was 

uniquely affected by this event, we would also expect a similar duration of post-event impact on 

both markets. 

P8:  Assuming that no major modes of production were critically impaired, the post-event 

impacts from 9/11 should be fairly short-lived, and the impact duration should be of similar 

length in both the SPX and NDX markets. 

 

3.3.3  Impact Size 

This event should have had similarly-sized effects on both the NDX and the SPX, as its 

impacts were felt around the world in every industry and financial market.  Due to the suddenness 

of the event, one would expect to see sudden rapid changes or variations in the state price 

distributions in both markets.  Due to the lower aggregate risk tolerance of Momentum Traders, 

the H&S model would then imply a large but short-lived reaction after the event date. 

P9:  There would have been large, sudden, and similarly-sized immediate variations in the state 

price distributions in the NDX and SPX markets. 

 

3.4  Propositions on Cross-event Impact Comparisons 
 

 The above nine proposed implications deal with the pre-event information leakage, post-

event impact duration and impact size during the seven month event-window in the SPX and 

NDX markets for each individual event.  In this section, we shall formulate implication 

propositions on cross-event differences in regards to these three facets of event impacts. 
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3.4.1  Pre-event Information Leakage  

 In the case of pre-event information leakage, let us start with the simplest case of 9/11.  

Investors and analysts in the financial markets, in general, would not have anticipated this event 

and as such, it is reasonable to hypothesize that this event would have zero pre-event information 

leakage.  On the other hand, the event with the most information leakage, according to the H&S 

model, should be one that involves a security in which many analysts (Newswatchers) are 

engaged and in which information are easily collected and absorbed.  Relating this to the three 

events, since the tech-stocks are followed by more analysts than LTCM, we expect that the 2000-

Burst should have the longest period of information leakage.  Thus, we have the following 

proposition: 

P10:  The relative ranking of the three events in terms of pre-event information leakage should be 

the 2000-Burst (with the longest period of information leakage prior to the event month), then the 

LTCM event, followed by the 9/11 tragedy (which should have no information leakage).  

 

3.4.2  Post-event Impact Duration 

 The H&S model indicates that post-event impact duration depends positively on the 

number of Newswatchers, the risk tolerance of Momentum Traders, and the holding horizon of 

Momentum Traders.   

Let us first look at the 2000-Burst.  Although many experts had predicted the 

readjustment in the technology market one or even two years prior to 2000, the prices of tech 

stocks were still climbing till shortly before March 2000.  What factors could possibly give rise to 

this phenomenon?  We propose that the following two underlying elements were operating in the 

tech-stock phenomenon: 1.  The unfamiliarity of investors with the workings of the tech industry, 

and 2. More importantly, investors’ beliefs in the existence of the next bigger sucker.  These two 

elements contribute to longer holding horizon and higher risk tolerance level of Momentum 

Traders.  At the same time, the amount of attention given to the tech-market indicates that there 
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were many Newswatchers in this market as well.  The combination of high levels of these three 

factors translates into a very long duration of post-event impacts from the 2000-Burst.  

 Next, let us use similar reasonings to examine the post-event impact durations for the 

LTCM and the 9/11 events.  For the LTCM event, the relatively small number of investors or 

investigators in LTCM indicates a small number of Newswatchers.  As the number of momentum 

traders in the company’s securities was limited as well, both their aggregate holding horizon and 

aggregate risk tolerance level should not figure too prominently in the determination of event 

impacts.  Given a small number of Newswatchers, limited number of Momentum Traders, and 

irrelevance of Momentum Traders’ aggregate holding horizon and risk tolerance level, the H&S 

model would predict the overreaction period for the LTCM event to be very short.   

 As for the 9/11 event, the nature of this event predicates that there would be information 

chaos during the first one or two weeks after the event.  However, as more information was 

gathered and assimilated, and investors began to realize that, although this was a tragedy of 

catastrophic proportions, none or few of the fundamentals for the SPX or the NDX had changed.  

The period of information chaos would then translate into a mere (albeit large) blip on the overall 

performance of the financial markets.  In H&S’s terminology, even though there were many 

investors (both Newswatchers and Momentum Traders) in both markets, few Newswatchers 

would have been able to observe and understand the full effect of the event.  However, during a 

period of such uncertainties and chaos, the Momentum Traders’ holding horizon and risk 

tolerance level must have been severely lowered.  Thus, with short momentum holding horizon, 

low risk tolerance, and few Newswatchers, the reaction time to this event should be very short, 

and overreaction would not have lasted for a very long time.  However, an anecdotal observation 

of evidence from post 9/11 economy shows that 9/11 may have long-term impacts on certain 

industries such as the air travel and tourism industries.  The H&S model also did not account for 

the possibilities for subsequent events (in this case, geopolitical decisions and the resulting 
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uncertainties in the financial markets) that might have resulted from this kind of events.  We must 

therefore keep these caveats in mind while analyzing our results. 

From the above analysis, the following table of comparison is generated: 

Table 1 

Table of Comparison using Hong and Stein (1999) factors 

 
 LTCM 2000-Burst 9/11 
Momentum Traders’ 
Holding Horizon 

Medium/same Largest/same Lowest/same* 

Momentum Traders’ Risk 
Tolerance Level 

Medium Highest Lowest** 

Number of Newswatchers Medium Largest Low/zero 
 

* We expect that the investment horizon of Momentum Traders would drop significantly due to the immense uncertainty that prevailed after the 9/11 
event.  Most of our proposed implications will still hold even if the momentum traders’ holding horizons are assumed to be equal across all three events. 
** We expect that risk tolerance would have dropped significantly in the aftermath of the 9/11 event. 

 

According to the comparisons in Table 1, the H&S model indicates the conclusion that post-event 

impacts should last the longest in the 2000-Burst event and the shortest in the 9/11 event.  This 

gives us our next proposition: 

P11:  Comparatively speaking, the 2000-Burst should have the longest duration of post-event 

impact on the financial markets, while the tragedy of 9/11 should have the shortest. 

 

3.4.3  Impact Size 

 Based on the factor comparisons in Table 1, we might be led to conclude that the 9/11 

event would have the smallest impacts on NDX and SPX markets.  The number of Newswatchers 

able to predict the 9/11 event was zero, which in turn meant that there were no pre-event build-up 

or any pre-event underreactions.  However, to the number of Newswatchers, we might add the 

following item that would affect the impact size of an event: the level of economy at which the 

event occurred.  The 1998 LTCM event occurred at the organization level, while the 2000-Burst 

occurred at the industry or perhaps even global industry level.  And of course, it would be hard 

for one to argue that 9/11 was not an event of global significance at a much higher level than the 
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other two events.  Due to the fact that there were no opportunities for a build-up or time to 

prepare for a global event such as 9/11, immediate reaction to this event should be largest among 

the three events studied. 

P12a: Of these three events, September 11 should have the largest, while LTCM should have the 

least immediate impacts on the NDX and the SPX. 

 For a complete analysis, we must also look at overall or cumulative impacts over time, in 

our case, over the seven-month study period.  From this point of view, events which occur at the 

organization level such as LTCM should have the least overall impact on markets.  Conversely, 

global and industrial events such as the Tech-Bubble Burst and 9/11 should have larger overall 

impacts on markets.   

P12b: Compared to the LTCM event, September 11 and Tech-Bubble Burst should have larger 

overall impacts on the NDX and the SPX. 

 

3.5  Summary 

Table 2 summarizes the twelve propositions of event impacts presented above. 
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Table 2 

Propositions of Event Implications in This Study 
This table summarizes the twelve propositions developed in this study based on the Hong and Stein (1999) model and logical 
deductions.  The propositions are numbered from P1 to P12.  Panel A summarizes the propositions for event impacts in terms of 
information leakage, impact duration, and impact size on the SPX and NDX markets during each of the three events.  Panel B 
summarizes the propositions on cross-event impact comparisons of information leakage, impact duration, and impact size between the 
three events. 

   
(a)  Propositions on Event Impacts on SPX and NDX: 
  LTCM 

– SPX 
LTCM 
– NDX 

 2000-
Burst – 
SPX 

2000-Burst 
– NDX 

 9/11 –  
SPX 

9/11 –  
NDX 

 
Information 
leakage 

 
P1 

 
Low to 
minimal 

 
Low to 
minimal 

 
P4 

 
Gradual 

Gradual, 
more 
pronounced 
than SPX 

 
P7 

 
None 

 
None 

 
Impact 
duration 

 
P2 

 
Short 

 
Short 

 
P5 

 
Short 

Short but 
longer than 
SPX 

 
P8 

 
Short 

 
Short 

 
Impact size 

 
P3 

 
Small 

 
Smaller 
than 
SPX 

 
P6 

 
Large, 
immediate 

Large, 
immediate, 
larger than 
SPX 

 
P9 

 
Sudden, 
large, 
immediate 

 
Sudden, 
large, 
immediate 

 
 
(b)  Propositions on Cross-event Impact Comparisons between the three events: 
 Proposition Largest/Longest Smallest/Shortest 

 
Information leakage 

 
P10 

 
2000-Bubble 

 
9/11 (no information leakage) 

 
Impact duration 

 
P11 

 
2000-Bubble 

 
9/11 (discounting further or 
consequent events) 

 
Impact size 

 
P12a  Immediate Impact 

 
9/11 

 
LTCM 

  
P12b  Overall Impact 

 
2000-Bubble or 
9/11 

 
LTCM 
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Chapter 4 
Data and Estimation of Impact Measures 

4.1  Data 

 The sample periods for this study are May to November 1998 for the LTCM event 

(centered on the event month of August 1998), December to June 2000 for the 2000-Burst 

(centered on the event month of March 2000), and June to December 2001 for the 9/11 event.  

These seven-month intervals comprise of three pre-event months, one event month, and three 

post-event months.  Daily data on one-month-ahead option prices are obtained from a company 

called CSI Data Inc..  Call and put option closing prices are collected from April 17, 1998 (start 

of May contract month) to November 19, 1998 (end of November contract month) for the LTCM 

event; from November 19, 1999 (start of December contract month) to June 15, 2000 (end of June 

contract month) for the 2000-Burst; and from May 18, 2001 (start of June contract month) to 

December 20, 2001 (end of December contract month) for the 9/11 event.5  We thus have one set 

of call option prices and one set of put option prices for each contract day of each contract month 

in the seven-month period selected for each event, and for each of the two markets.  For example, 

for the contract month of June 2001 prior to the 9/11 event, we have a set of SPX and NDX call 

and put option prices for each day beginning May 18 and ending June 14, 2001.  In addition, for 

sensitivity analysis purposes, bid prices, ask prices, high prices and low prices for these options 

are collected for the same periods, as well as closing option prices for the control period of 

February 19, 1999 to September 16, 1999. 

Additional daily data on both sets of underlying index (SPX and NDX) values 6 are 

collected from the yahoo finance website.  Daily data on 30-day T-Bill rates are collected from 

                                                           
5 For example, one-month-ahead 2001 June contract started on May 18 and expired on June 14 of that year; one-month-
ahead 2001 July contract started on June 15 and expired on July 19 of that year; and so on and so forth.  Please see 
Appendix B for the complete list of one-month-ahead contract dates used for the LTCM, 2000-Burst, and 9/11 events.   
6 These underlying index values are the closing values adjusted for dividends and stock splits. 
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the website of the Federal Reserve Bank of New York.  30-day T-Bill rates are used as risk-free 

rates because they correspond to the one-month-ahead expectations that are being studied here.   

 

4.2  Methods of Estimating State Price Distributions and Impact Measures 

 After we have gathered the sets of option prices, we use the procedures proposed by 

Breeden and Litzenberger (1978) and refined by Ross (2000) to calculate the state prices on each 

contract day.  The example in the following subsection presents a detailed description of these 

procedures for obtaining daily state price distributions using observed option prices.  This is then 

followed by a subsection containing description of the methods used to derive estimated state 

price densities and our six measures of event impact. 

 

4.2.1  An example of constructing a State Price Distribution using observed option prices 

In this study, we derive state price distributions (SPDs) using observed option prices on 

the S&P 500 Index and the Nasdaq 100 Index.  The SPDs are derived using the risk-neutral 

relationship C = P-1M, where C is the vector of state prices, P is the payoff matrix, and M is the 

vector of option prices.  The vector of state prices is derived using an optimization routine which 

minimizes the square of the differences between observed and risk-neutral derived option prices: 

min ∑ =

k

j i1
2)(ε  

subject to  (Pi
-1M’) = ci > 0, for all i = 1,…, k 

    ∑ =

k

j ic
1

= 1/(1+r)    (1) 

where ε = M’ – M; M’ is the vector of risk-neutral derived option prices and M is the vector of 

observed option prices.   
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The following section presents an example of how this derivation is performed using the 

April 30 1998 call option prices on the S&P 500 Index with May expiry.  CSI Data Inc. provides 

the following data on April 30 1998 for options with May expiry: 

Strike Bid Ask High Low Last Volume Interest 
400 56.5 58.5 57.5 57.5 57.5 0 3700 
880 232.75 234.75 233.75 233.75 233.75 0 3 
900 216 217 217.5 217.5 217.5 6 569 
930 183.75 185.75 184.75 184.75 184.75 0 21 
950 163.875 165.875 164.875 164.875 164.875 0 30 
975 139.25 141.25 140.25 140.25 140.25 0 7 
980 134.25 136.25 135.25 135.25 135.25 0 127 
990 124.5 126.5 125.5 125.5 125.5 0 35 
1010 104.875 106.875 107 103.875 107 1750 1378 
1020 95.125 97.125 100 87 99 25 1756 
1025 90.375 92.375 91.375 91.375 91.375 0 72 
1030 85.5 87.5 86.5 86.5 86.5 0 315 
1040 76 78 77 77 77 0 1651 
1050 66.625 68.625 69 59 69 55 6230 
1055 62 64 63 63 63 0 1031 
1060 57.5 59.5 52.5 52.5 52.5 1 1231 
1070 48.5 50.5 50.5 42 48.5 63 1621 
1075 44.125 46.125 47.5 47.5 47.5 1 994 
1080 39.875 41.875 42 32.75 41 768 5672 
1090 31.75 33.75 35 25 32.25 145 5644 
1095 28 30 31 21.5 28.75 55 1702 
1100 23.5 25.5 27.625 19 24.75 2944 16834 
1105 20.125 22.125 23 15.5 21 205 691 
1110 17.5 18.75 20 13.5 17.75 644 15254 
1115 14.625 15.875 17.25 11 15.375 849 3226 
1120 12 13.25 14.75 8.5 12.5 7937 10252 
1125 9.75 10.75 12 6.75 9.75 1086 14277 
1130 7.75 8.75 9.5 5 8.5 406 6061 
1135 6 7 7.625 3.75 6.75 1025 3922 
1140 4.625 4.875 5.75 2.875 5.25 1019 3381 
1150 2.125 2.875 3.375 1.25 2.5 1524 14918 
1155 1.625 2.125 2 1 2 4 57 
1160 1.0625 1.5625 1.6875 0.625 1.375 363 4767 
1165 0.5625 1.0625 1 0.6875 0.6875 21 266 
1170 0.3125 0.8125 0.625 0.5 0.625 124 1823 
1175 0.25 0.5 0.5 0.375 0.5 239 4328 
1180 0.0625 0.3125 0.1875 0.1875 0.1875 0 170 
1185 0.0625 0.5 0.28125 0.28125 0.28125 0 3704 
1200 0.125 0.25 0.125 0.125 0.125 43 3662 
1225 0.125 0.25 0.125 0.125 0.125 0 966 
1250 0.125 0.25 0.125 0.125 0.125 0 100 

 

Data on forty-one call options with May expiry are available, with strike prices ranging from 400 

to 1250.  We first have to decide on the range of strikes to use for obtaining the risk-neutral 

probabilities.  Our choice depends on the following sequential conditions: 
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1. The chosen range of strikes must straddle the index value for April 30, which is observed 

to be 1111.75 (data from finance.yahoo.com).  The fulfillment of this condition will help 

prevent potential upward or downward biases that might arise if we only focused on one 

side of the underlying value in estimating the state prices. 

2. The chosen equidistance-strikes must span the biggest possible range from highest to 

lowest strike prices.  In this case, the following 5 choices are considered: 

Number of 
strikes 36 23 16 12 13 

 Choice #1 Choice #2 Choice #3 Choice #4 Choice #5 
 1010 980 975 980 950 
 1015 990 990 1000 975 
 1020 1000 1005 1020 1000 
 1025 1010 1020 1040 1025 
 1030 1020 1035 1060 1050 
 1035 1030 1050 1080 1075 
 1040 1040 1065 1100 1100 
 1045 1050 1080 1120 1125 
 1050 1060 1095 1140 1150 
 1055 1070 1110 1160 1175 
 1060 1080 1125 1180 1200 
 1065 1090 1140 1200 1225 
 1070 1100 1155  1250 
 1075 1110 1170  
 1080 1120 1185  
 1085 1130 1200  
 1090 1140  
 1095 1150  
 1100 1160  
 1105 1170  
 1110 1180  
 1115 1190  
 1120 1200  
 1125  
 1130  
 1135  
 1140  
 1145  
 1150  
 1155  
 1160  
 1165  
 1170  
 1175  
 1180  
 1185  
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Choice #1 consists of 36 strikes at increments of 5; Choice #2 consists of 23 strikes at 

increments of 10; Choice #3 has 16 strikes at increments of 15; Choice #4 has 12 strikes 

at increments of 20; and Choice #5 has 13 strikes at increments of 257.  Although Choice 

#1, 2 and 3 have larger number of strikes than Choice #5, the latter is chosen because its 

strike span is the largest; its span is 1250 – 950 = 300, compared to 220, 175, and 220 for 

Choice #1, 2, and 3, respectively.  This condition is important for our experiment as we 

are particularly interested in observing market activities at the extremes, and we know 

from prior literature that the derived state price distribution is sensitive to the set of 

strikes used (Jackwerth and Rubinstein (1996)).  As well, Jackwerth and Rubinstein’s 

experiment indicates that “as few as 8 option prices seem to contain enough information 

in order to determine the general shape of the implied distributions.” (p. 1621)  Thus, our 

range of 13 strikes should be adequate to derive the state price distribution.8   

3. To obtain as much information as possible, the chosen range of strikes must have the 

largest number of consecutive observed strike prices.   

We must note that the data set does not contain observed call price for the strike price of 1000, 

and this is true for all dates and not only for April 30 1998.  As a result, in order to complete most 

of the ranges of strikes used in our experiment, we need to estimate the option price for the strike 

price of 1000.9  For simplicity’s sake, we use the arithmetic average of option prices for the two 

neighbouring strikes.  In the case of April 30 1998, the two neighbouring strikes are 990 and 

1010, and the arithmetic average of their closing option prices is 116.25.  Sensitivity analysis is 

conducted by estimating the closing option price based on implied volatilities and the Black-

                                                           
7 The ranges include missing strikes whose option prices can be interpolated using two neighbouring strikes. 
8 Compared to the other choices, Choice #5 also involves the least number of interpolations for missing strikes; only 
one interpolation is required. 
9 This phenomenon is common to both the SPX options and the NDX options.  For the latter, interpolations are 
frequently necessary for the strike price of 2000, which can be done using the two neighbouring strikes of 1980 and 
2020. 
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Scholes model with dividends, which results in an option price of 116.172610.  Using the two 

different closing option prices for the strike price of 1000 does not result in substantially different 

state price distributions. 11  

 We now have the vector of observed closing option prices, M: 

Strike 
Price M 

950 164.875 
975 140.25 

1000 116.25 
1025 91.375 
1050 69 
1075 47.5 
1100 24.75 
1125 9.75 
1150 2.5 
1175 0.5 
1200 0.125 
1225 0.125 
1250 0.125 

 

 After obtaining the vector of observed call prices (M), the next step is to calculate the 

payoff table, P.  The end-states used are 25 units above each of the chosen strikes; i.e., with the 

chosen strikes from 950 to 1250, the chosen end-states are 975 to 1275.  The resulting payoff 

table is shown in Table 3.  Since the risk-neutral probability constraint ((Pi
-1M’)ci > 0) in our 

optimization routine requires the inverse of the payoff table, P-1, we next derive this in Excel 

using the function =INDEX(MINVERSE(P),row # in P, column # in P).  Table 4 presents the 

inverse payoff table for our example. 

 

                                                           
10 Quarterly dividends per share are collected from the Standard and Poor’s website 
(http://www2.standardandpoors.com/portal/site/sp/en/ca/page.topic/indices_500/2,3,2,2,0,0,0,0,0,5,4,0,0,0,0,0.html). 
The quarterly dividends per share and the index level for June 1998 are 4.18 and 1133.84, respectively.  This gives us a 
quarterly dividend yield of 0.3687%.  Assuming continuous compounding, this gives us an annual dividend yield of 
1.4856%.  The implied volatilities of the two neighbouring calls (strikes of 990 and 1010) are obtained, which are then 
averaged to arrive at the implied volatility for the call option with strike price of 1000.  The dividend-adjusted Black-
Scholes price of this call is then calculated based on this implied volatility.       
11 It is also possible to use the butterfly spread strategy to obtain a no-arbitrage price for this call option, but we suspect 
that this will not lead us to a substantially or significantly different result. 
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Table 3 

Payoff Table for SPX call options on April 30 1998 
This table displays the expected payoffs in the future for the chosen strike prices of 950 to 1250 which are placed on the first row in 
the table.  The chosen expected future states are 975 to 1275, and these are placed on the first column in the table.  The payoffs are 
calculated as Payoff = Expected future states – Strike price.  For example, if the future state turns out to be 1200, the expected payoff 
on an option with the strike price of 975 is 1200 – 975 = 225. 
 
States 950 975 1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 

975 25 0 0 0 0 0 0 0 0 0 0 0 0 
1000 50 25 0 0 0 0 0 0 0 0 0 0 0 
1025 75 50 25 0 0 0 0 0 0 0 0 0 0 
1050 100 75 50 25 0 0 0 0 0 0 0 0 0 
1075 125 100 75 50 25 0 0 0 0 0 0 0 0 
1100 150 125 100 75 50 25 0 0 0 0 0 0 0 
1125 175 150 125 100 75 50 25 0 0 0 0 0 0 
1150 200 175 150 125 100 75 50 25 0 0 0 0 0 
1175 225 200 175 150 125 100 75 50 25 0 0 0 0 
1200 250 225 200 175 150 125 100 75 50 25 0 0 0 
1225 275 250 225 200 175 150 125 100 75 50 25 0 0 
1250 300 275 250 225 200 175 150 125 100 75 50 25 0 
1275 325 300 275 250 225 200 175 150 125 100 75 50 25 

 

Table 4 

Inverse Payoff Table for SPX call options on April 30 1998 
This table displays the inverse matrix of the payoff table presented in Table 3.  It is derived by using the Excel function 
=INDEX(MINVERSE(P),row # in P, column # in P), where P is the payoff matrix.  The first row contains the observed strike prices, 
while the first column contains the chosen expected future states. 

States 950 975 1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 

975 0.04 -0.08 0.04 5.77E-17 -2.2E-17 -4.9E-17 1.31E-16 -1.3E-16 9.1E-17 -9.1E-17 4.44E-17 -9.1E-17 1.82E-16 

1000 4.78E-18 0.04 -0.08 0.04 -3.6E-17 2.66E-17 8E-32 4E-17 -1.4E-16 1.4E-16 -2.2E-18 -8.7E-17 4.33E-17 

1025 -8.9E-18 7.4E-19 0.04 -0.08 0.04 -1.8E-17 -5.8E-17 2.66E-17 1.15E-16 -1.4E-16 1.11E-18 1.34E-16 -1.3E-16 

1050 1.09E-32 6.41E-33 1.08E-32 0.04 -0.08 0.04 4.44E-17 -1.1E-16 4.66E-17 4.88E-17 -2.8E-17 -5.4E-17 9.1E-17 

1075 6.49E-18 -4.4E-18 -2E-18 2.93E-17 0.04 -0.08 0.04 1.24E-16 -9.8E-17 -2.2E-17 7.22E-17 2.44E-17 -9.2E-17 

1100 -2E-18 3.33E-18 -2.4E-18 -1.8E-17 6.41E-17 0.04 -0.08 0.04 4E-17 1.33E-17 -3.1E-17 -2.6E-17 2.44E-17 

1125 3.76E-18 -1.9E-18 -1.7E-17 3.93E-17 -3.7E-17 3.22E-17 0.04 -0.08 0.04 1.78E-17 -1.8E-17 -4.1E-17 8.66E-17 

1150 -5.5E-18 3.7E-19 1.94E-17 -4.4E-17 3.11E-17 8.33E-19 2.03E-17 0.04 -0.08 0.04 2.22E-18 5E-17 -5.3E-17 

1175 -8.5E-19 -1E-18 -1.8E-18 2.07E-17 -2.8E-17 1.75E-17 -4E-17 4.37E-17 0.04 -0.08 0.04 -8.9E-18 -4.2E-17 

1200 1.37E-18 -8.3E-19 -8.5E-18 8.1E-18 8.88E-18 -1.8E-17 2.28E-17 -1.4E-17 -2.9E-17 0.04 -0.08 0.04 5.33E-17 

1225 -3.4E-18 -6E-19 5.45E-18 -3.7E-18 -6.2E-18 1.25E-17 -1.4E-17 5.18E-18 1.2E-17 -3.2E-17 0.04 -0.08 0.04 

1250 0 0 0 0 0 0 0 0 0 0 0 0.04 -0.08 

1275 -1.4E-18 6.01E-19 6.06E-19 -2.4E-18 1.85E-18 0 2.54E-18 -9.1E-18 9.33E-18 9.71E-18 -2.7E-17 1.33E-17 0.04 

 

We now have all the information needed for the optimization routine.  In addition to the inverse 

payoff table (P-1) in Table 4, we set up four vectors of data which contain, at each strike price i, 

the observed option prices (Mi), errors (εi), derived no-arbitrage option prices (Mi’ = Mi + εi), and 

derived state prices (ci).  The objective function is then written as the sum of the squared errors 
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(Σεi
2).  The initial values of εi are set as 0, and their final values will be freely determined by the 

optimization routine.  The state prices (ci) are calculated using the matrix calculation Pi
-1M’, and 

this is achieved in Excel with the function =INDEX(MMULT(Pi
-1, M’), row #).  This 

optimization setup in Excel is shown in Figure 1. 

 

 

c M ε M' 

Obj Func = 
min(sq 
errors) 

0.025 164.875 0 164.875 0 
-0.035 140.25 0 140.25   

0.1 116.25 0 116.25   
0.035 91.375 0 91.375   
-0.05 69 0 69   
0.31 47.5 0 47.5   
0.31 24.75 0 24.75   
0.21 9.75 0 9.75   

0.065 2.5 0 2.5   
0.015 0.5 0 0.5   

-4.6E-16 0.125 0 0.125   
-0.005 0.125 0 0.125   
0.005 0.125 0 0.125   

   sum(c) = 0.985         
Condition 1: c >= 0.0001       
Condition 2:  sum(c) = 0.997898       

Figure 1.  Excel Optimization Setup.  The first column in the table calculates the state prices (ci); the second column consists of the 
observed option prices at the observed strikes (Mi); the third column is the errors built into the model (εi), and these are to be 
minimized; and finally, the fourth column consists of the sums of the observed option prices and the optimized errors (Mi’).  The 
objective function is defined as the sum of the squared errors in the third column (min ∑ =

k

j i1
2)(ε ).  The two conditions are: each state 

price must be greater than or equal to 0.0001, and the sum over all available state prices must equal 1 divided by 1 plus the risk-free 
rate (r).  In this example, 1/(1+r) is 0.997898.  P-1 is defined as the inverse of the payoff table. 

 

The two conditions in this optimization routine are: each ci must be greater than 0.0001 and the 

sum of all ci must be equal to 1/(1+r).   The observed 30-day T-bill rate on April 30 1998 is 

5.12%, which translates into a continuously compounded 1/(1+r) of 0.997898.  The first condition 

is set up so that the optimization software will be able to attain a finite solution, and the second 

condition is set up so that the no-arbitrage condition holds.  The optimized solution using Solver 

in Excel is presented in Table 5. 

For an overview of what this SPD looks like, we graph the optimized probabilities.  For 

ease of comparison with the results from other days, we use as the x-axis the standardized 

Objective Function = SUMSQ(εi)

M’ = M + ε 

M = observed call prices at different strikesc = P-1M’ = INDEX(MMULT(Pi
-1, M’), row 
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measure Strike / Index, which is calculated as Xe-rt/Se-dt, where X is the strike price, r is the 

continuously compounded annual risk-free rate, S is today’s closing index value, d is the 

continuously compounded annual dividend yield, and t is the years to expiration of the option.12  

Using this standardization will also allow us to easily examine the behavior of the SPD relative to 

today’s index value, as is evident from Figure 2 below. 

Table 5 

Optimized solution in Excel 
This table displays the optimized solution using the Solver function in Excel.  The first column in the table contains the optimized 
estimated state prices (ci); the second column consists of the observed option prices at the observed strikes (Mi); the third column is 
the errors built into the model (εi); and finally, the fourth column consists of the sums of the observed option prices and the optimized 
errors (Mi’).  The objective function is defined as the sum of the squared errors in the third column (min ∑ =

k

j i1
2)(ε ).  The two 

conditions are: each state price must be greater than or equal to 0.0001, and the sum over all available state prices must equal 1 
divided by 1 plus the risk-free rate (r).  In this example, 1/(1+r) is 0.997898.  P-1 is defined as the inverse of the payoff matrix.  The 
minimized squared errors is 0.516772, and both conditions are satisfied. 

 
c M ε M' Obj Func = min(sq errors) 
0.025464 164.875 0.25563 165.1306 0.516772 

0.0001 140.25 -0.06682 140.1832   
0.078125 116.25 -0.37767 115.8723   
0.009159 91.375 0.188979 91.56398   

0.0001 69 0.20875 69.20875   
0.2766 47.5 -0.4175 47.0825   

0.31835 24.75 0.20875 24.95875   
0.21 9.75 -5.1E-08 9.75   

0.066496 2.5 -4.7E-08 2.5   
0.011239 0.5 -4.7E-08 0.5   

0.0001 0.125 0.037394 0.162394   
0.0001 0.125 -0.01924 0.105763   

0.002065 0.125 -0.07337 0.051631   
            sum(c) = 0.997898         

Condition 1: c >= 0.0001       
Condition 2:  sum(c) = 0.997898       

 

 

                                                           
12 This x-axis measure is used in Jackwerth and Rubinstein (1996). 
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Figure 2.  Estimated SPD using SPX call option prices observed on April 30 1998.  The estimated state prices are plotted on the y-
axis, while the standardized measure Xe-rt/Se-dt is plotted on the x-axis, where X is the strike price, r is the continuously compounded 
annual risk-free rate, S is today’s closing index value, d is the continuously compounded annual dividend yield, and t is the years to 
expiration of the option. 

 

 

Sensitivity Analyses using Bid, Ask, High and Low prices: 

 The same optimization routine is also performed using as the observed prices (Mi) the bid 

price, ask price, average of bid and ask prices, and average of high and low prices.  The SPDs 

obtained are then compared to the one obtained using the closing prices.  The comparisons are 

presented in the Figure 3. 
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Figure 3.  Comparisons of estimated SPDs using Closing, Bid, Ask, Average High-Low, and Average Bid-Ask call option prices 
on SPX on April 30 1998.  The estimated state price distribution using closing prices (shown here with the diamond-shaped markers) 
is overlaid with the estimate state price distribution using the bid price (square markers), ask price (triangle markers), average of high 
and low prices (x-shaped markers), and average of bid and ask prices (six-pointed markers).  All state price distributions are estimated 
using the same optimization procedure: min ∑ =

k

j i1
2)(ε subject to (Pi

-1M’) =  ci > 0.0001, for all i = 1,…, k, and ∑ =

k

j ic
1

= 1/(1+r). 

 

The bid and ask prices result in SPDs that are smoother at the lower Strike/Index levels.  

However, using only bid and ask prices may result in substantial biases in our derived 

probabilities.  Therefore, we then use the average of the bid and ask prices in our optimization 

routine.  This experiment yields a more extreme bimodal distribution than the one derived from 

the closing prices.  The same can be said about the SPD based on the average high and low prices 

as well.  As such, the most reasonable SPD is the one derived using closing prices.  One 

comforting feature of these derived SPDs is that they assign similar probabilities to states that are 

close to being at the money. 

 

Adjustments of option prices for dividends: 

 Since the option prices used in the above example are market prices which should reflect 

dividend yields on the underlying index, we have not adjusted them for dividends.  The argument 

used in Neftci (2000) can also be applied here: "even though there is a dividend (sic) payout made 

by the underlying stock, the risk-neutral expected return and the risk-free discounting remains the 
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same for the call option written on this stock.  Hence, in a risk-neutral world future returns to Ct 

have to be discounted exactly by the same factor as in the case of no-dividends."  (p. 34)   

 Even so, for posterity’s sake, we have attempted to use the spot-futures parity and put-

call-futures parity relationships to derive call prices that incorporate dividend yields.13  The 

futures price with the same time to expiration incorporates the dividend effects through the 

following no-arbitrage relationship with the spot price: 

Ft = S0e(r-d)t
     (2)  

where Ft is the futures price with expiration at time t, S0 is the spot price, r is the continuously 

compounded annual risk-free rate, and d is the continuously compounded annual dividend yield14.  

Using the put-call-futures parity relationship: 

        Ct + Xe-rt = Pt + Fte-rt    (3) 

where Ct represents the call price with expiration at time t, X is the strike price, and Pt is the put 

price, we can obtain the implied futures price as follows: 

       Ft = [Ct + Xe-rt - Pt]/e-rt
    (4) 

We first derive the implied futures price using the call and put prices that are closest to at-the-

money.  We then use this implied futures price and the put-call-futures parity relationship to 

“reverse-engineer” the call prices in our chosen range of strike prices.  In this way, the derived 

call prices will capture the dividend effects through the use of Ft in the no-arbitrage relationship.   

For April 30 1998, the closest strike price to the current index level of 1111.75 is 1110.  

At this strike price, the observed call price is 17.75 and the observed put price is 14.  The annual 

yield is 5.12%, and the number of years to expiration of these two option contracts is 15/365.  The 

implied futures price is calculated as: 

Ft = [17.75 + 1110e-0.0512(15/365) - 14]/e-0.0512(15/365) = 1113.7579  (5) 

                                                           
13 This method is used in Ait-Sahalia and Lo (1998). 
14 The assumption of a continuous dividend yield is acceptable here in the case of an underlying asset that is 
a market index.  As per Benninga (2008), “a basket of stocks such as the S&P 500 or the Dow-Jones 30 can 
best be approximated by the assumption of a continuous dividend payout, since there are many stocks and 
since the index components more or less pay out their dividends throughout the year.” (p. 523) 



  44 
 

Using the put-call-futures parity and the available put prices in our strike range, we then calculate 

the implied no-arbitrage call prices using the implied Ft of 1113.7579.  These are presented in 

Table 6. 

Table 6 

No-arbitrage call prices derived using put-call-futures parity 
This table displays the calculations of no-arbitrage estimated call prices using put-call-futures parity.  First, the implied futures price 
for the day is calculated using the put-call-futures parity: Ft = [Ct + Xe-rt - Pt]/e-rt at the strike price that is closest to at-the-money.  Ft is 
defined as the implied futures price, X is the strike price, r is the annualized risk-free rate, t is the number of years to expiration, Ct is 
the price of the call option at strike price X, and Pt is the price of the put option at strike price X.  Using the strike price of 1110, we 
obtain observed call price of 17.75 and observed put price of 14.  The annual risk-free rate, r, is 5.12%, and the number of years to 
expiration of these two option contracts is 15/365.  The implied futures price is calculated as: 

Ft = [17.75 + 1110e-0.0512(15/365) - 14]/e-0.0512(15/365) = 1113.7579 
This implied futures price is then used to calculate the no-arbitrage call option prices based on the observed put prices in the chosen 
range of strikes with the same time to expiry, using the put-call-futures parity formula:  Ct + Xe-rt = Pt + Fte-rt. 
 

P X e^(-rt) Ft C 
0.375 950 0.997898 1113.758 163.7887 
0.375 975 0.997898 1113.758 138.8412 

0.952865 1000 0.997898 1113.758 114.4717 
1.75 1025 0.997898 1113.758 90.32134 

3 1050 0.997898 1113.758 66.62389 
5.5 1075 0.997898 1113.758 44.17643 

10.75 1100 0.997898 1113.758 24.47898 
21 1125 0.997898 1113.758 9.781528 

37.5 1150 0.997898 1113.758 1.334076 
61.25 1175 0.997898 1113.758 0.136623 

85 1200 0.997898 1113.758 -1.06083 
110 1225 0.997898 1113.758 -1.00828 
137 1250 0.997898 1113.758 1.044266 

 

It turns out that our implied futures price does not lead to implied call prices that are all positive.  

Specifically, the put-call-futures parity relationship does not hold for far-out-of-the-money strike 

prices of 1200 and 1225.  Thus, it does not seem to be possible to use this method to derive 

dividend-adjusted call prices for the whole range of strike prices we have chosen. 

 We also attempted to use the spot-futures parity relationship to calculate the implied 

futures price.  In this case, the continuously compounded annual dividend yield is 1.4856% (see 

footnote 10).  The implied futures price is then calculated as: 

Ft = 1111.75 e(0.0512 - 0.014856)(15/365) =   1113.4118   (6) 
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This implied futures price is fairly close to the one calculated using the put-call-futures parity 

relationship.  Using the implied futures price of 1113.4118 and the put-call-futures parity, we 

calculate the implied call prices which are shown in Table 7 below. 

Table 7 

No-arbitrage call prices derived using spot-futures parity and put-call-futures parity 
This table displays the calculations of no-arbitrage estimated call prices using both spot-futures parity and put-call-futures parity 
conditions.  First, the implied futures price for the day is calculated using the spot-futures parity: Ft = S0e(r-d)t, where Ft is defined as the 
implied futures price, S0 is the current index level, r is the annualized risk-free rate, d is the annualized dividend yield, and t is the 
number of years to expiration.    Using the index value of 1111.75, annual risk-free rate of 5.12%, a dividend yield of 1.4856%, and 
the number of years to expiration of 15/365, the implied futures price is calculated as: 

Ft = 1111.75 e(0.0512 - 0.014856)(15/365) =   1113.4118 
This implied futures price is then used to calculate the no-arbitrage call option prices based on the observed put prices in the chosen 
range of strikes with the same time to expiry, using the put-call-futures parity formula:  Ct + Xe-rt = Pt + Fte-rt. 
 

P X e^(-rt) Ft C 
0.375 950 0.997898 1113.4118 163.4433 
0.375 975 0.997898 1113.4118 138.4958 

0.952865 1000 0.997898 1113.4118 114.1262 
1.75 1025 0.997898 1113.4118 89.97592 

3 1050 0.997898 1113.4118 66.27847 
5.5 1075 0.997898 1113.4118 43.83102 

10.75 1100 0.997898 1113.4118 24.13357 
21 1125 0.997898 1113.4118 9.436113 

37.5 1150 0.997898 1113.4118 0.988661 
61.25 1175 0.997898 1113.4118 -0.20879 

85 1200 0.997898 1113.4118 -1.40624 
110 1225 0.997898 1113.4118 -1.3537 
137 1250 0.997898 1113.4118 0.698851 

 

Here, the implied call prices are negative at the strike prices of 1225 and 1250 as well.  Thus, the 

no-arbitrage relationships do not hold for deep out-of-the-money options.  

 In conclusion, for the reasons provided at the start of this section, we use the observed 

closing option prices without dividend adjustment throughout our experiment. 

 

Put versus Call options: 

Additional sensitivity analysis is performed by estimating SPDs for the same data ranges 

using put prices.  To do so, we re-run our optimization routine after substituting the put prices for 

call prices and changing the payoff calculations to Payoff = max(0, X - Y), where Y is the 

possible future state/outcome.  The resulting SPDs look quite different from those estimated from 

call prices.  The put-estimated SPD for April 30 1998 is plotted in Figure 4, together with a 
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comparison with the call-estimated SPD.  In this case, the put-estimated SPD assigns smaller risk-

neutral probabilities to lower-than-even states and higher probabilities to higher-than-even states.  

This phenomenon holds true for most of our put-estimated daily SPDs.   

 

 

Figure 4.  Call- versus Put-Estimated SPD for SPX on April 30 1998.  The state price distribution estimated using observed call 
option prices (shown here with the diamond-shaped markers) is overlaid with state price distribution using observed put option prices 
(shown here with the square markers).  Both distributions are estimated using the same optimization procedure: min ∑ =

k

j i1
2)(ε subject 

to (Pi
-1M’)  ci > 0, for all i = 1,…, k, and ∑ =

k

j ic
1

= 1/(1+r). 

 

This difference between put-estimated versus call-estimated SPDs may suggest that investors who 

purchase puts have different future expectations than those who purchase calls.  Thus, an 

examination of these two separate sets of state prices could yield additional insights into the 

informational content of buying (call options) and selling (put options) pressures resulting from a 

particular event. 

 

4.2.2  Derivation of State Price Densities (L) and event impact measures 

 For each event, the skewness levels and variances of the resulting distributions over the 

seven-month period are analyzed to see if any differences arose before, during, and after the event 
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occurred.  Higher positive skewness levels in the state price distributions indicate that expected 

returns are moving towards the lower end of the spectrum, and therefore, investors are becoming 

less optimistic about future returns.  Higher variances in the state price distributions are an 

indication that investors are less certain about expected future returns. 

 To calculate state price densities (L), we need the objective probability distributions, 

which we estimate using the GARCH methodology in Rosenberg and Engle (2002).  Our results 

show that both the NDX and SPX time series are best represented by a GARCH(1,1) with MA(1) 

model.15  Having decided on the model that best fits our NDX and SPX data series, we then 

perform 1,000 Monte Carlo simulations using this model to reproduce the price and return 

distributions for the two indices.  Using the simulated return distributions, we can then match 

them to the real return states and derive the objective probability distributions.   

With the objective probability distributions (p) and state price distributions (q), we then 

calculate L =
p
q

 for the NDX and SPX calls and puts.  We plot the L for each trading day in each 

contract month, over the seven-month event horizon.  This will give us a general idea of how 

investors’ sentiment developed over the seven-month period.  By nature of its construction, Li=1 

implies that pi=qi. That is, when Li=1, risk-adjusted state probabilities are equal to objective 

probabilities in state i.  As per Schraven (2001), we will refer to states in which Li<1 as premium 

states, and those in which Li>1 as discount states, where premium states refer to those states in 

which market value of $1 in the future is less than its expected value.16  We then calculate the 

percentages of discount states for each day and compare them across each market for each event.  

We interpret changes in the percentages of discount states as follows: since discount states are 

less desirable for investors, the actual market values of the security in these states are greater than 

                                                           
15 Please see Appendix C for details of ARCH/GARCH analysis. 
16 Please see Appendix D for a reproduction of the derivation of this relationship. 
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their expected values.  Therefore, when the percentage of discount states increases in a market, it 

indicates that investors are becoming more pessimistic in their expectations. 

To derive more information from L, we use the disaggregation method of Yang (2004) 

and Neave, Ross and Yang (2005).  We disaggregate the state price density such that   

  L – 1 = (L – 1)+ - (1 – L)+        (7) 

Letting CL = (L – 1)+ and PL = (1 – L)+, we get L – 1 = CL – PL.  CL and PL are European options 

whose payoffs are represented by non-negative K-vectors, each with a strike price of one.  CL can 

be interpreted as the payoffs on a pure insurance security (a call), as it only pays off in states k for 

which Lk – 1 > 0.  On the other hand, PL can be interpreted as the payoffs on a pure investment 

security (a put), which only pays off in states k for which Lk – 1 < 0.  Neave, Ross, and Yang 

(2005) show that “excess returns can be computed directly to display the relations between 

options’ excess returns and measures of positive and negative semi-variance.”  (p.12)  And by 

examining the excess returns on these two pure securities, Neave, Ross, and Yang (2005) show 

that “it is possible to distinguish changes that increase only one of the semi-variances from 

changes that increase both at the same time.”  (p.12)  Further, due to their greater leverage 

positions, these pure securities are expected to yield excess returns that are more sensitive to 

changes in market sentiments.   

 For our purposes here, we follow the procedures outlined in Yang (2004).  We first 

calculate the following series from our data: 

1. CL = max((L – 1), 0) 

2. PL = max((1 – L), 0) 

3. v(CL) = 
r

CE Lq

+1
)(

 is the time zero market value of CL      

4. v(PL) = 
r

PE Lq

+1
)(

 is the time zero market value of PL      
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5. E(RCL) – r = 
)(

2

L

CL

Cv
σ

 is the excess returns on CL for each trading day 

6. E(RPL) – r = 
)(

2

L

PL

Pv
σ

 is the excess returns on PL for each trading day 

7. E(RL) – r = 
)(

2

Lv
Lσ

 is the excess returns on L for each trading day. 

We then plot and compare the excess returns on L, CL and PL to see if there are noticeable and 

significant differences in their behaviour before, during, and after each event.  For example, we 

know from Neave, Ross, and Yang (2005) that during the period between 1997 and 1999, there 

was greater volatility in the SPX, and thus, investors paid higher insurance costs and earned lower 

investment premiums during this period.  Further, insurance costs and investment premiums 

fluctuated drastically during the same period.  The results from Yang (2004) and Neave, Ross, 

and Yang (2005) indicate two other characteristics in the distributions of the excess returns on the 

two sub-portfolios: 

1. During times of extreme market upheavals, the excess returns on insurance securities are 

negatively correlated with the excess returns on investment securities, and, 

2. During periods of market uncertainty, the distributions of excess returns become more 

volatile, with the moving 12-month autocorrelation changing frequently between positive 

and negative magnitudes. 

Accordingly, we will examine changes in the following three characteristics in the excess returns 

distributions in the days before, during, and after each event: 

1. volatility of excess returns, 

2. correlations between the investment (PL) and insurance (CL) sub-portfolios, and 

3. the five-day autocorrelations. 

We will examine the variances of excess returns in the L, CL, and PL portfolios to 

determine the pre-event information leakage, post-event impact duration, and impact size for the 
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three events.  Persistently increased variances in the excess returns will be interpreted as an 

indication of event impact, while decreased or stable variances will be considered as an indication 

of subsiding event impact (i.e., a return towards equilibrium).  Therefore, on dates close to the 

event month or date, we would expect to see persistently high variances in the excess returns of 

the three portfolios.  In particular, during these three periods of financial market upheavals, we 

would expect to see exaggerated movements in the excess returns on the two sub-portfolios of CL, 

and PL as risk-averse investors move into lower-risk securities while risk-seeking investors move 

into higher-risk securities. 

Negative correlations between PL and CL indicate divergences in investors’ expectations.  

For example, in times of uncertainty, one would expect risk-averse investors (i.e., those who 

invested in CL) to shift their investments to lower-risk portfolios, while risk-seeking investors 

(i.e., those who invested in PL) to shift into speculative investments.  As such, the expected excess 

returns on PL will increase, while those on CL will decrease, thus resulting in negative correlations 

between the PL and CL excess returns. 

First-order autocorrelations are calculated on excess returns for L, CL, and PL from the 

first to the fifth days of each contract month.  That is, first-order autocorrelation is calculated for 

excess returns on day t and day t-1, on day t-1 and day t-2, etc..  The 5-day autocorrelations are 

chosen due to the 5-day business week used in the financial market.  Negative autocorrelations 

indicate changes in the expectations in the market over the prescribed one day interval.  If the 5-

day autocorrelations were persistently negative, it indicates continuously changing market 

expectations, i.e., a period of heightened market uncertainty when investors were very unsure of 

expected future payoff states.  Thus, we expect the impacts from each event to increase the 

volatility in the excess returns, and to cause the autocorrelations and correlations to become 

negative. 

In summary, the skewness levels, variances of state price distributions, percentages of 

discount states, the volatility of excess returns on the sub-portfolios, the correlations between PL 
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and CL, and the five-day autocorrelations on excess returns are analyzed for the duration and size 

of event impact, and information leakage for each of the three major events.  They are then used 

for cross-event comparisons. 
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Chapter 5 

Relating Variables to Proposed Implications 

 

 In this section, we lay out our expectations of how each impact measure will behave 

based on our propositions in Chapter 3. 

 

On LTCM 1998: 

P1:  Pre-event state price distributions in both NDX and SPX markets would show small to 

minimal variations prior to the event month of August 1998, signifying low to minimal pre-event 

information leakage. 

 For one to two months prior to the event month of August 1998, we expect to find very 

slightly higher skewness levels and variances of the state price distributions, and slightly higher 

percentages of discount states.  Note that we expect these pre-event changes to be minuscule 

when compared to those occurring during the post-event period.  We also expect small negative 

correlations and 5-day autocorrelations, and slightly higher variability in the excess returns on the 

sub-portfolios during the months prior to the event date.  We expect the changes in the SPX and 

NDX to occur at almost the same time, with perhaps the SPX leading the change by a very short 

time. 

 

P2: The duration of the post-event impact of LTCM on both the NDX and the SPX markets would 

have been short and all information on LTCM’s bad news would have been assimilated into 

market prices by the end of September 1998. 

 We expect high skewness levels and variances of state price distributions, and increased 

percentages of discount states for August and September 1998, in both the NDX and SPX 

markets.  By November (last month in our study), these three variables should return to their pre-
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event levels.  We expect that realized excess returns on our sub-portfolios would be very variable 

and the CL and PL excess returns would be negatively correlated during August and much of 

September, and that the 5-day autocorrelations of the state prices would also be negative during 

these two months.  The variability in the excess returns would then start to subside in October, 

while the CL and PL excess returns would no longer be persistently negatively correlated with 

each other.  We would also start to see zero or even positive 5-day autocorrelations in the state 

prices in October 1998.  We expect to see similar durations of impacts from LTCM on both NDX 

and SPX. 

 

P3: The LTCM event would have a fairly small impact on the NDX and possibly a slightly larger 

impact on the SPX, and most of the event’s impacts would have been concentrated in the month of 

September 1998.  

 When we compare the changes in the variables between the two markets, we expect to 

see larger increases in skewness levels, variances of state price distributions, and percentages of 

discount states in the SPX markets.  When we compare the changes in these variables across the 

three post-event months, we expect to see state price distributions in both markets to be the most 

skewed and variable during the month of September, and we also expect to see the highest 

percentages of discount states during this month.  As well, we expect to see the highest variability 

in the excess returns, the largest negative correlation between the realized excess returns on the 

sub-portfolios, and negative autocorrelations during the contract month of September. 

 

On Tech-Bubble 2000: 

P4:  Pre-event data should show gradual signs of decline in both markets; this pattern of gradual 

decline should be especially pronounced in the NDX.     

 In both the NDX and the SPX markets, we expect to see gradual increases in the 

skewness levels and variances in the state price distributions from December 1999 to February 
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2000.  From one month to the next, we would also expect to see higher and higher percentages of 

discount states and variances in the excess returns on the three portfolios.  During the three post-

event months, we also expect to find the correlations between CL, and PL excess returns to 

become persistently negative from one day to the next, and the state prices to be negatively 

autocorrelated more and more often.  These patterns of gradual variations will be more easily 

detectable in the NDX.   

 

P5:  The post-event effects of the 2000-Burst on the markets would have lasted for a relatively 

short period of time.  Due to its close ties with the technology sectors, these effects would have 

been more apparent and lasted longer in the NDX market.     

 During the March event month, we expect high skewness levels and variances in the state 

price distributions, higher percentages of discount states, high variances of excess returns, large 

negative correlations between CL, and PL excess returns, negative 5-day autocorrelations in the 

state prices.  We also expect these effects to become smaller and smaller from April 2000 to June 

2000.  In fact, these effects may disappear completely by June 2000.  These changes are expected 

to be more noticeable and to last longer in the NDX than in the SPX. 

 

P6: Immediately following the March event month, there would have been very large variations 

in the state price distributions, and furthermore, the variations in the NDX would have been 

larger than those in the SPX market. 

 The variations in our six parameters are expected to be most pronounced during March 

2000 in the NDX.  We expect to see gradual variations in the three months prior to March, 

building up to a climax during March, and then quickly returning to equilibrium (December 1999 

levels) from April through June 2000. 
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On 9/11: 

P7:  Due to the nature of this event, no pre-event information leakage could have occurred in 

either the NDX or the SPX. 

 We do not expect any unusual changes or movements in the first three variables prior to 

September 2001.  As well, we expect no significant changes in volatility, autocorrelations, and 

correlations between the excess returns on the insurance and investment portfolios. 

 

P8:  Assuming that no major modes of production were critically impaired, the post-event 

impacts from 9/11 should be fairly short-lived, and the impact duration should be of similar 

length in both the SPX and NDX markets. 

 We expect rises in the first three variables to last for a short period of, say, one month 

after the event date (i.e., until mid-October 2001).  We also expect to see large spikes in volatility, 

negative correlations between the excess returns on the two sub-portfolios, and negative 5-day 

autocorrelations on state prices for at least a week and at most a month after the event date. 

 

P9:  There would have been large, sudden, and similarly-sized immediate variations in the state 

price distributions in the NDX and SPX markets. 

 We expect to find large spikes in the skewness levels and variances of the state price 

distributions, large increases in the percentages of discount states, persistently high volatility in 

the excess returns, persistently negative correlations between CL, and PL excess returns, and 

negative 5-day autocorrelations in the state prices.  We also expect to see similar relative changes 

in both the SPX and NDX. 
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Cross-Event Comparisons: 

P10:  Pre-Event Information Leakage 

The ranking of the three events relative to the pre-event information leakage should be the 2000-

Burst (with the longest period of information leakage prior to the event month), then the LTCM 

event, followed by 9/11 (which should have no information leakage).  

 We expect to see little or no change in our six study variables before September 11, 2001.  

At the other end of the spectrum, we expect to see continuous adjustments in the variables during 

the Tech-Bubble study period (December 1999 – March 2000). 

 

P11:  Post-event Impact Duration 

Comparatively speaking, the 2000-Burst should have the longest duration of post-event impact on 

the financial markets, while 9/11 should have the shortest.  

We expect the changes in our six variables (skewness and variance levels of state price 

distributions, percentages of discount state, and volatility, autocorrelations, and correlations of the 

excess returns on the sub-portfolios) to be most persistent during the Tech-Bubble Burst event.  In 

fact, from Figure 5 (see p. 59), we observe that changes related to the Tech-Bubble Burst will 

persist until at least the latter half of Year 2000.  We also know from the chronology of the 

LTCM-event that markets (and thus our variables) should return to normal (pre-event levels) after 

September or October 1998.  We expect our variables to change dramatically during the first 

month after the 9/11 event date.  Assuming that there were no major disruptions in global 

production capacity, we also expect that these variables will return to their pre-event forms soon 

after October 2001.  Thus, the expectations for post-event durations are: three months for the 

Tech-Bubble Burst, two months for LTCM, and one month for 9/11. 
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P12:  Size/Area of Influence 

P12a: Of these three events, September 11 should have the largest, while LTCM should have the 

least immediate impacts on the NDX and the SPX. 

 We expect state price distributions to be severely right-skewed and highly variable, and 

the percentages of discount states to increase dramatically immediately after each event.  For the 

excess returns on the two sub-portfolios, we expect to see higher volatility, more changes in the 

autocorrelations, and more negative correlations between the insurance and investment portfolios 

in the days immediately following each event.  In particular, we expect to see the largest 

immediate adjustments to occur during the 9/11 event. 

 

P12b: Compared to the LTCM event, September 11 and Tech-Bubble Burst should have larger 

overall impacts on the NDX and the SPX. 

 Since the September 11 and Tech-Bubble Burst events occurred at the macro level, we 

expect deeper impacts on the economy, and thus, larger cumulative impacts on the six study 

variables over the seven-month study period.  Since the LTCM event occurred at the organization 

level, we do not expect to see large cumulative differences in our variables. 

 For ease of comparisons, our expectations of results are summarized in Table 8. 
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Table 8 

Proposed Implications for the three events and Cross-event Comparisons 
This table displays our expectations of event impacts from the three events of LTCM in 1998, Tech-Bubble Burst in 2000, and 9/11 in 
2001.  Panel A shows the expected results for each event, and panel B shows the expected comparative results between the three 
events, expressed in terms of the most and least expected impacts amongst the three events. 

 
A. Event-by-event expected results 

 LTCM 
May ’98 – Nov ‘98 

Tech-Bubble Burst 
Dec ’99 – Jun ’00 

9/11 
Jun ’01 – Dec ’01 

Information Leakage Slight changes 1 – 2 
months prior  
(June, July) 

Changes 3 months prior 
(Dec ’99 – Mar ’00) 
Especially in NDX 

Large changes during 
September, no change 
prior to September  

Post-event Impact Duration 1 – 2 months 
(August, September, 
October) 

3 months 
(March – June) 

1 month 
(September, October) 

Size of Impact Larger changes in SPX 
Larger changes during 
September 

Larger changes in NDX 
Largest changes during 
March 

Same magnitudes of 
changes in NDX and 
SPX 

 
B. Cross-Event Comparisons 

 Most Impact Least Impact 

Information Leakage Tech-Bubble 9/11 
Duration Tech-Bubble Burst 

(7 months) 
9/11 

(1 month) 
Size – immediate 9/11 

(aggregate in changes of six 
variables) 

LTCM 

Size – cumulative Tech-Bubble LTCM 
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Chapter 6 

Summary of Results17 

            SPX VIX Close
           LTCM                                  Bubble                                   9/11
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Figure 5.  SPX closing volatility index, January 2 1998 – January 31 2002.  Closing VIX prices are plotted against time.  The 
seven-month windows for the three events are highlighted, showing higher VIX levels in these three event windows than during other 
periods over the whole plotted period. 

 

From the closing VIX plotted in Figure 5 above, we observe the following patterns 

common to all three events in this study: 

1. underreaction at the beginning of the event window 

2. overreaction during and after the event date 

3. a return to pre-event levels three months after the event date 

Similar but less prominent cycles can also be detected in the months between each event, 

particularly during the months prior to 9/11.  The effects on the volatility in the SPX appear to be 

largest during the LTCM event, followed by the 9/11 event, and finally the 2000 Tech-Bubble 

Burst. 
                                                           
17 In this and all following sections, in the interest of saving time and space, we will frequently use SPD to denote State 
Price Distribution, L to denote State Price Density or the reference portfolio L, CL to denote the insurance sub-portfolio,  
and PL to denote the investment sub-portfolio. 
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In this study, we use six measures based on the discrete state price distributions (SPDs) 

estimated using the Breeden and Litzenberger (1978) model.  These six measures are: skewness 

of SPDs, volatility in SPDs, percentage of discount states (%Li > 1), volatility of excess returns 

on reference, insurance, and investment portfolios (L, CL, and PL), 5-day autocorrelations for the 

three portfolios, and correlations between excess returns on CL and PL.   Through examinations of 

the changes in these measures, we attempt to detect patterns of market impacts in the form of pre-

event-date information leakage, post-event-date impact duration, and impact size.  To facilitate 

easier readings of our results, what follows below is a summary of some of the more interesting 

results we have been able to obtain, before we launch into the nitty-gritty of detailed testing.  

(Note:  For ease of reading, detailed test results are placed in Appendix E, F and G (for LTCM, 

2000-Burst, and 9/11, respectively).  In the detailed tests, confidence intervals of 95% are 

constructed and used to test for significance of skewness and month-to-month volatility in the 

state price distributions; simple t-tests and F-tests are used to test for significance of the 

percentages of discount states and for significant month-to-month changes in the variability of 

percentages of discount states, respectively; F-tests are used to test for significant changes in the 

volatilities in the excess returns on L, CL, and PL portfolios; and, lastly no statistical tests are 

performed on the autocorrelations and correlations as we are only looking for whether they are 

positive or negative during each month.) 

6.1  Summary Conclusions On LTCM: 

6.1.1  Market-by-market 

Our event window for the LTCM is from May 1998 to November 1998, with August 

1998 as the event month.  From the analysis on each of the four markets, we find the followings: 

1. NDX calls: pre-event information leakage of zero to one month (July-August), and post-

event impact duration of two months (till October), for a total possible reaction time of 

two to three months (July to October).  The size of impact, according to the changes to 
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volatilities and skewness levels, is smaller than both SPX markets, but greater than the 

NDX put option market. 

2. NDX puts: pre-event information leakage of zero to one month (July-August), and post-

event impact duration of zero month, for a total possible reaction time of zero to one 

month (July to August).  This market has the smallest impact size amongst the four 

markets. 

3. SPX calls: pre-event information leakage of one month (July), and post-event impact 

duration of zero to three months (August-November), for a total possible reaction time of 

one to four months (July to November).  This market displays the largest immediate 

impacts and the second largest cumulative impacts amongst the four markets studied. 

4. SPX puts: pre-event information leakage of zero to two months (June-August), and post-

event impact duration of zero month, for a total possible reaction time of zero to two 

months (June to August).  This market has the second largest immediate impacts and the 

largest cumulative impacts amongst the four markets. 

 

6.1.2  Sector Comparisons 

When we compare the results on NDX against the results on SPX markets (i.e., NDX 

calls vs. SPX calls; NDX puts vs. SPX puts), we find that the Nasdaq markets display smaller and 

shorter duration of impacts.  On the other hand, when the results on calls are compared against 

those on puts (i.e., NDX calls vs. NDX puts; SPX calls vs. SPX puts), we find longer reaction 

times in both calls markets, with the NDX calls market showing larger impacts against the NDX 

puts market as well.  The impacts on the two puts markets occur mainly during the pre-event 

months. 
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6.1.3  Performance of measures 

In terms of the performance of the six measures of impacts, the state price skewness and 

volatilities results both reveal very definite and consistent patterns of event impacts for all four 

markets (see Figures 6a and b for market comparative results on skewness and volatilities on 

insurance portfolio).  The correlation and autocorrelation results give us some indication of the 

duration but not the size of market impacts; as well, these results sometimes yield conclusions 

that are not consistent with changes in volatilities or state price skewness levels.  For the two call 

option markets which experience large and prolonged impacts from this event, the autocorrelation 

results on the insurance portfolio (see Figure 6c) seem to predict future increases in volatilities 

and skewness levels.  All result sets with excess returns on insurance portfolio (PL) consistently 

display more sensitivity to the event than the state price distributions, reference portfolio (L), and 

investment portfolio (CL).  The percentage of discount states (%Li > 1) results do not yield any 

significant patterns of event impacts.   



  63 
 

Skewness of SPDs

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

-3 -2 -1 0 1 2 3
NDXc NDXp SPXc SPXp

NDXp

NDXc
SPXc

SPXp

 
(a)  
 

Volatilities on E(RPL)

0

200

400

600

800

1000

1200

-3 -2 -1 0 1 2 3

NDXp

SPXp

NDXc

SPXc

 
(b) 

 
Autocorrelations of E(RPL)

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

-3 -2 -1 0 1 2 3

NDXc NDXp SPXc SPXp

SPXp NDXp

NDXc SPXc

 
(c) 

Figure 6.  Cross-market comparisons during LTCM.  Skewness of the SPDs, volatilities of the excess returns on the PL portfolio, 
and the 5-day autocorrelations of the excess returns on the PL portfolio for the four option markets of NDX calls (NDXc), NDX puts 
(NDXp), SPX calls (SPXc), and SPX puts (SPXp) are plotted in panels (a), (b) and (c), respectively.  The average monthly data are 
plotted across time in the seven-month event window.   Time 0 represents the event month, times -1, -2, and -3 represent the one 
month, two months, and three months prior to the event month, and times 1, 2, and 3 represent one month, two months, and three 
months after the event month.   Arrows and data series labels are added for clarification purposes. 
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6.2  Summary Conclusions On Tech-Bubble Burst: 

6.2.1  Market-by-market 

Our event window for the Tech-Bubble Burst is from December 1999 to June 2000, with 

March 2000 as the event month.  Our detailed analysis and significance tests reveal the following 

conclusions on the impacts of this event on the four markets: 

1. NDX calls: there is no significant evidence of information leakage, but significant post-

event impacts which last for two to three months (May-June), for a total possible reaction 

time of two to three months (March to June).  Compared to the other three markets, the 

NDX calls market sustains the largest immediate and cumulative impacts during the 

Tech-Bubble Burst.  

2. NDX puts: there is no significant evidence of information leakage in this market either, 

with some indications of post-event impacts which may have lasted as long as two 

months (May).  This gives us a possible total reaction time of between zero and two 

months (March to May).  This market exhibits the smallest immediate and cumulative 

impacts amongst the four markets studied. 

3. SPX calls: our results show information leakage of zero to three months (December-

March), and post-event impacts that may have lasted anywhere between one to three 

months (April-June).  As such, the possible total reaction time in this market could be 

anywhere between four to seven months (December 1999 to June 2000).  Although this 

market has the longest possible total reaction time, it has only the second largest 

immediate and cumulative impacts amongst the four markets. 

4. SPX puts: we find no significant indication of information leakage, and zero to one 

month (March-April) of post-event impacts, for a total possible reaction time of zero to 

one month (March to April).  The immediate and cumulative impacts from the Tech-
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Bubble Burst on this market are fairly small, and these are only larger than those in the 

NDX puts market. 

 

6.2.2  Sector Comparisons 

When the NDX markets are compared with the SPX markets, we find longer durations of 

impacts in the former, with large impacts on the NDX call but small impacts on the NDX put 

market.  On the other hand, when we compare the call versus the put markets, we find definite 

evidence of larger and longer durations of impacts in the two call markets.  This last conclusion is 

very evident from the plots of volatilities on the excess returns on the insurance portfolio in 

Figure 7a. 

 

6.2.3  Performance of measures 

In terms of the performance of the six measures for this event, we find that our results on 

post-event impact durations are more varied and therefore vaguer than those for the LTCM event.  

Even so, skewness, volatilities on excess returns on insurance portfolio, and percentage of 

discount states yield similar and consistent conclusions for all four markets, while the first two 

measures provide important insights into the size of impacts.  On the other hand, the state price 

volatilities for all four markets do not show any significant reactions to the event.  The 

correlations between excess returns on investment and insurance portfolios seem to be forecasting 

future market reactions, as we find negative correlations during the pre-event months in all four 

markets.  Similar to our findings for the LTCM event, the correlations and autocorrelations 

measures provide some insights into expected future impacts in the markets.  This result is 

observed when we compare the plots of volatilities in Figure 7a with the plots of correlations in 

Figure 7b. 
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Figure 7.  Cross-market comparisons during Tech-Bubble Burst.  The volatilities of excess returns on the PL portfolio and the 
correlations between the CL and PL portfolios for the four option markets of NDX calls (NDXc), NDX puts (NDXp), SPX calls 
(SPXc), and SPX puts (SPXp) are plotted in panels (a) and (b), respectively.  The average monthly data are plotted across time in the 
seven-month event window.   Time 0 represents the event month, times -1, -2, and -3 represent the one month, two months, and three 
months prior to the event month, and times 1, 2, and 3 represent one month, two months, and three months after the event month.   
Arrows and data series labels are added for clarification purposes. 

 

6.3  Summary Conclusions On 9/11: 

6.3.1  Market-by-market 

For the 9/11 event, our event window is from June to December 2001, with September as 

the event month.  As expected, we find no information leakage during this event, and therefore 

the post-event impact durations constitutes the total reaction times to the event.  Our analyses 

yield the following conclusions on event impacts on the four markets: 
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1. NDX calls: our results show possible post-event impact duration of zero to three months 

(October-December).  This market sustains the largest immediate impacts and the second 

largest cumulative impacts during and post-9/11. 

2. NDX puts: we find no significant evidence of event impact after September.  Even so, 

this market sustains the third largest immediate impacts and the largest cumulative 

impacts amongst the four markets. 

3. SPX calls: our results indicate post-event impact duration of zero or three months 

(October or December).  This market has the second largest immediate and third largest 

cumulative impacts amongst the four markets. 

4. SPX puts: we find no significant evidence of event impact after September.  This market 

also sustains the least immediate and cumulative impacts from 9/11. 

Although our results indicate some post-event impacts during December 2001, we must temper 

our interpretation of these results by keeping in mind that the U.S. declared the War on Terror in 

December 2001, and therefore our results may have been confounded by this new 

announcement/event. 

 

6.3.2  Sector Comparisons 

When we compare the NDX and SPX markets, we find that the NDX markets generally 

exhibit greater immediate and cumulative impacts, even though both markets have about the same 

total reaction time to the event.  In terms of call versus put option markets, the evidence is less 

consistent.  In general, our results point to the possibility that call markets have longer reaction 

times and larger immediate impacts, but this conclusion does not hold for cumulative impact 

sizes.  Our analyses reveal that, whilst the SPX calls market sustains larger cumulative impacts 

than the SPX puts market, the results are reversed in the NDX market. 
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6.3.3  Performance of measures 

In terms of the performance of our six measures, we find the measures provide sometimes 

contradictory and confounding conclusions.  Using the correlations between the excess returns on 

investment and insurance portfolios as an example (see Figure 8a below), we find this measure to 

be negative prior to the event month, which signifies information leakage for an event which 

cannot be predicted!  We reason that these surprising results may be due to the contagion 

influence of rumours of an impending recession in the U.S. economy in the months prior to 

September 2001.  We also find that the volatilities in the excess returns on the insurance portfolio 

are more sensitive to this event than the other five measures.  These volatilities change 

dramatically during September, and the changes are particularly significant in the two calls 

markets.  It is interesting to note that, prior to September, skewness levels were actually 

decreasing (see Figure 8b below).  This perhaps explains why the skewness measure does not 

yield any post-event impacts for any of the four markets.  Again, as in the LTCM and Tech-

Bubble Burst event, the percentage of discount states measure does not offer additional insights 

into market changes or event impacts in the 9/11 event.  
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Figure 8.  Cross-market comparisons during 9/11.  Correlations between the CL and PL portfolios and skewness of the SPDs for the 
four option markets of NDX calls (NDXc), NDX puts (NDXp), SPX calls (SPXc), and SPX puts (SPXp) are plotted in panels (a) and 
(b), respectively.  The average monthly data are plotted across time in the seven-month event window.   Time 0 represents the event 
month, times -1, -2, and -3 represent the one month, two months, and three months prior to the event month, and times 1, 2, and 3 
represent one month, two months, and three months after the event month.   Arrows and data series labels are added for clarification 
purposes. 
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6.4  Summary On Cross-event Comparisons: 

6.4.1  Market-by-market 

Our cross-event analyses yield the following results: 

1. NDX calls: this market reacts quite slowly to all three events.  However, our results 

indicate that, once this market starts to react, the impacts are very large and immediate, as 

is the case during the Tech-Bubble Burst and 9/11 events.  The LTCM is the only event 

which causes pre-event reactions in this market, but we find only mild reactions 

throughout the LTCM event window.  This market also seems to recover quite quickly 

after each event, usually within the three post-event months.   

Interesting figures:  From Figure 9a below, we observe that the 9/11 event produces the 

largest jump in volatilities in the excess returns on the insurance portfolio, PL.  Figure 9b 

displays the interesting fact that correlations are negative for all seven months in the 

Tech-Bubble Burst window, indicating that the NDX call market were already slowly 

incorporating information on the Burst prior to the event month, but these adjustments 

did not show up as large changes in volatilities.  Figure 9c shows that although these are 

all major events, investor pessimism levels only increase for a short time (two months for 

Bubble Burst and one month for 9/11). 

2. NDX puts: like the NDX call market, this market also reacts slowly to events, with only 

one month of pre-event increase in volatilities during the LTCM, and none during the 

other two events.  This market sustains fairly small impacts during the LTCM and Tech-

Bubble Burst events, but large relative changes in daily volatilities during the 9/11 event.  

Interesting figures:  Figure 10a below shows that the volatilities on the excess returns on 

insurance portfolio are actually declining throughout the Tech-Bubble Burst seven-month 

event window.  Figure 10b shows that investor pessimism levels (represented by higher 
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SPD skewness) are actually decreasing after the Tech-Bubble Burst event month; that is, 

investors become more optimistic right after the Tech-Bubble Burst event month. 
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Figure 9. Cross-event comparisons for NDX calls market.  Volatilities of the excess returns on the PL portfolio, correlations 
between the CL and PL portfolios and skewness of the SPDs for the NDX calls market during the three events are plotted in panels (a), 
(b) and (c), respectively.  The average monthly data are plotted across time in the seven-month event window.   Time 0 represents the 
event month, times -1, -2, and -3 represent the one month, two months, and three months prior to the event month, and times 1, 2, and 
3 represent one month, two months, and three months after the event month.    
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Volatility of E(RPL)-r  --  NDX Puts
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Figure 10. Cross-event comparisons for NDX puts market.  Volatilities of the excess returns on the PL portfolio and skewness of 
the SPDs for the NDX puts market during the three events are plotted in panels (a) and (b) respectively.  The average monthly data are 
plotted across time in the seven-month event window.   Time 0 represents the event month, times -1, -2, and -3 represent the one 
month, two months, and three months prior to the event month, and times 1, 2, and 3 represent one month, two months, and three 
months after the event month.    

 

3. SPX calls: our results show that, on average, this market is very sensitive to events, 

sustaining large impacts during all three of the events studied, and the largest immediate 

impacts during the LTCM event.  This market also shows signs of pre-event reactions in 

both the LTCM and Tech-Bubble Burst events, with possibly three or more months of 

pre-event impacts during the latter event.  As well, this market exhibits large impacts 

during possibly all three post-event months in all three events.   

Interesting figures:  Figures 11a and 11b show that, during the Tech-Bubble Burst, the 

changes in autocorrelation and correlation levels show pre-event reactions, but these are 

not translated into changes in volatility levels.  Figure 11c shows extremely high 

volatility levels in insurance portfolio excess returns one month after the 9/11 event 

month, indicating some underreactions to this event.  Figures 11d and 11e show that, 

during the LTCM event, there is an immediate hike in volatility levels on the reference 

and investment portfolios during the event month, but an advanced reaction of one month 

in the insurance portfolio. 
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5-day autocorrelation of PL - SPX Calls
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Figure 11. Cross-event comparisons for SPX calls market.  5-day autocorrelations of the excess returns on the PL portfolio and the 
correlations between the CL and PL portfolios for the SPX calls market during the three events are plotted in panels (a) and (b) 
respectively, the volatilities of the excess returns on the PL portfolio are plotted for the 9/11 event in panel (c), the volatilities of the 
excess returns on the CL portfolio are plotted for all three events in panel (d), and the volatilities of the excess returns on the PL 
portfolio are plotted for the LTCM and 2000-Burst events in panel (e).  The average monthly data are plotted across time in the seven-
month event window.   Time 0 represents the event month, times -1, -2, and -3 represent the one month, two months, and three months 
prior to the event month, and times 1, 2, and 3 represent one month, two months, and three months after the event month. 
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4. SPX puts: this market shows very short-term reactions to all three events, with virtually 

no pre- and post-event impact durations in the 9/11 event, less than one month of post-

event reactions in the Tech-Bubble Burst, and less than two months of pre-event reactions 

in the LTCM event.  This market also experiences the smallest reactions during the 9/11 

event, and conversely, large impacts during the LTCM event. 

Interesting figures: Figures 12a, b, and c show consistent evidence of pre-event hikes in 

volatilities during the LTCM event.  The negative correlations two months before the 

Tech-Bubble Burst event month (Figure 12d) indicate that the relationship between the 

insurance and investment portfolio excess returns may have predicted the event; however, 

this is not reflected in changes in volatility levels. 

Monthly Volatility of SPD - SPX Puts

0

0.05

0.1

0.15

0.2

0.25

0.3

-3 -2 -1 0 1 2 3

LTCM Bubble 9/11

Volatility of E(RPL)-r  --  SPX Puts

0
50

100
150
200
250
300
350
400
450

-3 -2 -1 0 1 2 3

LTCM Bubble 9/11
 

(a)       (b) 

Volatility of E(RL)-r  --  SPX Puts

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

-3 -2 -1 0 1 2 3
LTCM Bubble 9/11

Correlation(C,P) - SPX Puts

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

-3 -2 -1 0 1 2 3

LTCM Bubble 9/11
 

(c)      (d) 

Figure 12. Cross-event comparisons for SPX puts market.  Volatilities of the SPDs, volatilities of the excess returns on the PL 
portfolio, volatilities of the excess returns on the CL portfolio and the correlations between the CL and PL portfolios for the SPX puts 
market during the three events are plotted in panels (a), (b), (c) and (d), respectively.  The average monthly data are plotted across time 
in the seven-month event window.   Time 0 represents the event month, times -1, -2, and -3 represent the one month, two months, and 
three months prior to the event month, and times 1, 2, and 3 represent one month, two months, and three months after the event month. 
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6.4.2  Sector Comparisons 

When comparing across markets, we find the call option markets sustain larger impacts for longer 

periods for all three events.  The LTCM event exerts larger impacts on the two SPX markets, 

while the Tech-Bubble Burst and 9/11 events exert larger impacts on the two NDX markets. 

 
6.4.3  Performance of measures  

In terms of the performance of our six measures, the worst-performing measure is the percentage 

of discount states, while the most sensitive measure of pre-event information leakage appears to 

be negative correlations between the excess returns on investment and insurance portfolios.  

However, these negative correlations seem to predict future changes in volatility levels; i.e., they 

predict real changes in volatility levels occurring in the next one or two months.  Skewness levels, 

although theoretically a sound measure for investors’ levels of pessimism, seem only to work 

properly (i.e., increase during times of volatile financial markets) in the two NDX markets.  This 

is perhaps an indication that skewness is a less sensitive measure of variability than volatility 

levels.  The fact that skewness levels react in the NDX markets may be the result of heightened 

sensitivity of Nasdaq investors (i.e., investors in smaller companies) to increased market volatility 

when compared to S&P 500 investors (i.e., investors in blue chip companies).  All in all, the 

volatilities of the excess returns on the insurance portfolio (PL) provide the most obvious 

indications of reactions to the three events. 

6.5  Comparative Analysis  with Control Sample 

 To check that the six impact measures behave consistently outside of our event windows, 

we also estimate and analyze them for the non-event months from March to September 1999.  

From the VIX graph in Figure 5, we observe that the period between the 1998 LTCM event and 

the 2000 Bubble Burst is relatively calm in terms of volatilities.  We get a clearer picture of this 
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lower volatility when we compare the VIX levels during the three event periods and the control 

period.  Figure 13 below shows similar average volatility levels throughout the control period.  As 

well, the average volatility levels during the first three control months are higher, while the other 

three periods display higher VIX during the last three to four months of their event windows.  

This gives us some confidence that March to September 1999 can indeed be used for our control 

months.   

 

Figure 13. VIX comparisons between three event windows and control window.  Monthly average VIX levels are plotted across 
the seven-month window for the non-event control period, and this plot is overlaid with the plots of the monthly average VIX levels 
during the three events, where LTCM represents the 1998 LTCM event, Burst represents the 2000 Tech-Bubble Burst, and 11-Sep 
represents 9/11. 

 

To get a clearer overall picture of the characteristics of our six measures during the 

control period, comparisons are made across markets by averaging the measures.  For example, 

when comparing the SPX against the NDX market on the basis of skewness levels, the averages 

of the SPX call and put markets are compared against the averages of the NDX call and put 

markets.  When comparing across call and put markets, the monthly averages of the SPX and 

NDX calls are compared against the averages of the SPX and NDX puts markets.  Three 

characteristics present themselves clearly from this cross-market analysis of the six measures 

during non-event periods.  Firstly, these measures indicate quite clearly that the SPX and NDX 
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markets move opposite to each other; that is, investors seem to be treating these two markets as 

substitutes during non-event periods.  This phenomenon is clearly shown in the Figures 14a and 

b.  Secondly, puts markets tend to show more volatility during non-event periods, as shown in 

Figures 14c and d.  Thirdly, as is evident from Figures 14b and d, differences between markets 

are greatly magnified when using volatilities on the excess returns on the PL portfolio. 

   
(a) Skewness: SPX vs. NDX     (b) Volatilities on E(RPL) – r: SPX vs. NDX 

 

  
(c) SPD Volatilities: Calls vs. Puts    (d) Volatilities on E(RPL) – r: Calls vs. Puts 

Figure 14.  Market behaviour in non-event periods.  Average monthly skewness of the SPDs and volatilities of the excess returns 
on the PL portfolio for the SPX an d NDX markets are plotted in panels (a) and (b), respectively.  The average monthly volatilities of 
the SPDs and the volatilities of the excess returns on the PL portfolio for the calls and puts markets are plotted in panels (c) and (d), 
respectively.  Plots are based on estimated SPDs using observed option prices in the non-event control time window.   

 

 By comparing these characteristics of the non-event months to those of the three events, 

we observe that information effects are displayed through two signs of market behaviour: 

1. Information effects cause the difference between SPX and NDX markets to widen.  This 

is shown particularly well by the excess returns on the PL portfolio in Figures 15a, c and 

e. 
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2. Information effects cause the difference between calls and puts markets to widen as well, 

which is again magnified with the excess returns on the PL portfolio, as shown in Figures 

15b, d, and f. 

 

  
(a) LTCM:  SPX vs. NDX    (b) LTCM: Calls vs. Puts 
 

  
(c) 2000-Burst: SPX vs. NDX    (d) 2000-Burst: Calls vs. Puts 
 

  
(e) 9/11: SPX vs. NDX    (f) 9/11: Calls vs. Puts 

 

Figure 15. Comparison of Volatilities on PL portfolio during event periods.  For comparisons of the SPX versus NDX markets, 
average monthly volatilities of the excess returns on the PL portfolio for the LTCM, 2000-Burst, and 9/11 events are plotted in panels 
(a), (c) and (e), respectively.  For comparisons of the calls versus puts markets, average monthly volatilities for the three events are 
plotted in panels (b), (d), and (f), respectively.  The average monthly data are plotted across time in the seven-month event window.   
Time 0 represents the event month, times -1, -2, and -3 represent the one month, two months, and three months prior to the event 
month, and times 1, 2, and 3 represent one month, two months, and three months after the event month. 
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Figures 15b, d and f again confirm our conclusion that calls are more affected by the three events 

than puts.  Compared to Figure 14d, we see that calls are more volatile during the three event 

windows.   

 

6.6  Results versus Propositions 

 This section presents the comparisons between our analysis results and our twelve 

propositions (P1 to P12).  For details of how these conclusions are reached, please see 

Appendices E, F, G, and H. 

 

P1:  Pre-event state price distributions in both NDX and SPX markets would show small to 

minimal variations prior to the event month of August 1998, signifying low to minimal pre-event 

information leakage.     

 Our results confirm our hypothesis for the two NDX markets, wherein the effects of the 

LTCM are most probably not felt until one month prior to the event or even possibly until the 

August event month.  However, the results for the two SPX markets do not concur with our 

hypothesis, as information leakage occurs in as early as July in the SPX calls market, and may 

have occurred in as early as June in the SPX puts market. 

 

P2:  The duration of the post-event impact of LTCM on both the NDX and the SPX markets would 

have been short and all information on LTCM’s bad news would have been assimilated into 

market prices by the end of September 1998.   

 The results confirm our hypothesis for the two puts markets but not for the two calls 

markets.  The NDX calls market has a post-LTCM impact duration of 2 months (ending in 

October), and the SPX calls markets may have a post-LTCM impact duration that is as long as 3 

months (i.e., into November 1998).  However, out of the four markets, only the NDX call market 
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displays consistent signs of post-event impact duration of two months.  It is difficult to conjecture 

why it is that the NDX calls market should be more clearly affected than the SPX calls market by 

the LTCM post-event.  Applying the H&S model, perhaps there are more risk-tolerant 

Momentum Traders on LTCM in the NDX market. 

 

P3:  The LTCM event would have a fairly small impact on the NDX and possibly a slightly larger 

impact on the SPX, and most of the event’s impacts would have been concentrated in the month of 

September 1998.   

The results confirm that the SPX markets are more affected by the LTCM event than the 

NDX markets.  However, our results on impact size disconfirm the second part of this 

proposition.  Consolidating the impact size results with our discussions on post-LTCM impact 

duration and information leakage, the majority of the impacts from LTCM appear to have 

occurred in October for the NDX calls market, in July for the NDX puts market, in July or August  

for the SPX calls market, and finally, in July or August for the SPX puts market.  None of the 

markets exhibit large impacts in September; however, three out of the four markets display major 

pre-event impacts in July.  

 

P4:  Pre-event data should show gradual signs of decline in both markets; this pattern of gradual 

decline should be especially pronounced in the NDX.   

Our results on pre-event information leakage contradict both parts of this proposition.  

Not only is there very little evidence of gradual signs of decline from the month of December to 

March, our results also do not show any significant difference between the SPX and NDX 

markets in terms of pre-event impacts.  The surprising conclusion from the results of these 

analyses is that the puts markets appear to be less or slower informed than the two calls markets. 
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P5:  The post-event effects of the 2000-Burst on the markets would have lasted for a relatively 

short period of time.  Due to its close ties with the technology sectors, these effects would have 

been more apparent and lasted longer in the NDX market.    

 Both parts of this proposition are verified by the results of our analyses on the duration of 

post-event impacts.  The reactions to the Tech-Bubble Burst in March 2000 lasted only until April 

or May, and there are signs of a reversal starting in June or even May.  Our results also lead us to 

conclude that the effects on the two NDX markets lasted longer than those on the two SPX 

markets.  These results also indicate that the impacts are larger and longer-lasting in the calls 

markets than in the puts markets, which concurs with the conclusion from the analyses on the 

LTCM event. 

 

P6: Immediately following the March event month, there would have been very large variations 

in the state price distributions, and furthermore, the variations in the NDX would have been 

larger than those in the SPX market.   

 Our results have provided ambiguous conclusions on there being large variations in the 

months immediately following March 2000.  Our correlations result set yield the only and 

strongest evidence in terms of impact size across the board for all four markets.  The other five 

variables yield fairly light evidence of event impacts for all but the NDX calls market.  In fact, the 

skewness of SPDs, percentages of discount states, and correlations results strongly indicate large 

immediate and cumulative reactions in the NDX calls market.  Our analyses of the six variables 

do not point to the NDX markets suffering larger impacts than the SPX markets.  Indeed, they 

only show that the call markets are more affected, both immediately and cumulatively, by the 

Tech-Bubble Burst than the puts markets.   

 

P7:  Due to the nature of this event, no pre-event information leakage could have occurred in 

either the NDX or the SPX.   
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 Aside from the consistent evidence of higher volatilities in the NDX calls market, our 

results largely confirm our proposition of no information leakage for the 9/11 event.  In this case, 

it is highly probable that the NDX calls results have been contaminated by another event such as 

the rumours of an impending U.S. recession.   

 

P8:  Assuming that no major modes of production were critically impaired, the post-event 

impacts from 9/11 should be fairly short-lived, and the impact duration should be of similar 

length in both the SPX and NDX markets. 

Our results largely support both parts of this proposition.  The most notable caveat is, of 

course, the evidence of possible event impacts in December (three months post-event) in the two 

calls markets.  However, these impacts may have been due to the announcement of the War on 

Terror by U.S. President Bush in December 2001.  The fact that our results frequently show no 

significant changes in the intervening months of October and November lend credence to this line 

of reasoning.  It is also interesting to note that this December effect occurs only in the two calls 

markets.  

 

P9:  There would have been large, sudden, and similarly-sized immediate variations in the state 

price distributions in the NDX and SPX markets. 

This proposition is not completely supported by our results.  According to our results, the 

call markets exhibit larger immediate reactions to the event than the two put markets.  Both 

immediate and cumulative impacts are different amongst the four markets.  However, most of the 

evidence point to a sudden change in the behaviour of the state price distributions and the excess 

returns on the investment portfolios from the pre-event month of August to the event month of 

September.   
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P10:  The relative ranking of the three events in terms of pre-event information leakage should be 

the 2000-Burst (with the longest period of information leakage prior to the event month), then the 

LTCM event, followed by 9/11 (which should have no information leakage).  

 Our results show that, in general, markets do not anticipate large events.  The only 

exception is the LTCM event, which shows evidence of information leakage, but only in the two 

SPX markets.  This information leakage may be due to the opening of LTCM’s books to auditors 

from a potential white knight investment firm.  The puzzling point here is: why is it that the same 

effects do not apply in the two NDX markets? 

 

P11:  Comparatively speaking, the 2000-Burst should have the longest duration of post-event 

impact on the financial markets, while 9/11 should have the shortest.  

 Our results indicate that the calls markets display longer durations of post-event impacts 

from all three events.  However, the interpretation for the 9/11 event results must be tempered 

with the consideration of impact contamination from the announcement of the War on Terror by 

the U.S. during the same year.  Overall, we find longer duration in the SPX markets for the 

LTCM event, but in the NDX markets for the 2000-Burst.  Keeping this and the generally longer 

durations of post-event impacts in the calls markets in mind, our results confirm that the 2000-

Burst has the longest, while the 9/11 event has the shortest duration of post-event impacts.   

 

P12a: Of these three events, September 11 should have the largest, while LTCM should have the 

least immediate impacts on the NDX and the SPX. 

 Our analyses indicate that, across the board, the call markets are more heavily affected by 

the three events than the put markets.  Although this characteristic is more significant for the 9/11 

and the 2000-Burst events, it is nonetheless also present in the LTCM event.  This phenomenon 

could be due to the fact that puts markets are “sell” markets, which means that investors in puts 

markets are already anticipating bad news and incorporating their expectations into put pricing.   
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Another surprising characteristic found in our analyses is that the LTCM event has the 

largest immediate impacts on the two SPX markets, with the obvious implication that SPX 

investors were caught unaware as the LTCM event unfolded.  Coupled with the evidence of pre-

event information leakage, our results confirm the gradual information flow assumption in Hong 

and Stein (1999).   

Overall, our results show large immediate impacts during the event month for 9/11, and 

prior to the event month for the LTCM event.  The results for immediate impacts from the 2000-

Burst are fairly ambiguous, and vary according to the measures of impacts.  Out of the four 

markets analyzed, only the results on the NDX call market concur with our Proposition 12a.  It is 

also interesting to note the differences in immediate impact results between the SPX and NDX 

markets.  While the NDX markets are more immediately affected by global and industrial events 

such as the 9/11 and 2000-Burst, the SPX markets are more affected by localized events such as 

the LTCM.  As well, it seems that the returns on conservative portfolios (L and CL) are more 

affected by industry-level events, while the returns on aggressive investment portfolios (PL) are 

more affected by global/geo-political events.    

 

P12b: Compared to the LTCM event, September 11 and Tech-Bubble Burst should have larger 

overall impacts on the NDX and the SPX. 

 Our analyses lead us to conclude that, across the four markets, the largest cumulative 

impacts occur during the 2000-Burst event, followed by the 9/11 event, and then finally the 

LTCM event.  Thus, our results confirm that the level of economy at which an event occurs is 

important in determining the size of impacts.  In our case, the micro-level event, LTCM, has by 

far the smallest cumulative impacts than the two macro-level events.  
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Chapter 7 

Conclusions 

 Using six measures of market impacts derived from state price distributions estimated 

using the B&L model, this study examines the effects of three major events on four different 

markets.  Our results lead us to conclude that major event impacts last longer in the call option 

markets.  The S&P 500 (i.e., large blue-chip stock) market sustains larger impacts in the LTCM 

event, while the Nasdaq 100 (i.e., high-tech stock) market sustains larger impacts in the 9/11 

event.  We find very little evidence of information leakage prior to the Tech-Bubble Burst, and as 

expected, no information leakage prior to the 9/11 event.  On the contrary, our results indicate 

two to three months of pre-event information leakage in the LTCM event, which we postulate 

may be due to the occurrence of the Russian Currency Crisis that precipitated the LTCM 

meltdown.  We also find that, on average and relative to the other two events, the Tech-Bubble 

Burst has the longest duration of market impacts.  In terms of the performance of our event 

impact measures, we find that volatilities and skewness of state price distributions and the 

volatilities in the three portfolios are by far the most reliable measures of impact.  Intriguingly, 

our results also imply that the correlations between the two sub-portfolios and the 

autocorrelations of these portfolios can be used to predict future changes in volatilities and state 

price distribution skewness.  Of course, this must be confirmed with further testing in future 

research. 

Another important contribution of this study comes in the form of concrete evidence that 

contamination of event impacts do occur.  The results in this study show quite clearly that event 

impacts can “run into” each other when two events occur in close proximity to each other.  In 

such cases, we must be careful in our interpretations of the results, and we must recognize that 

concrete conclusions can frequently only be made for the one or two months immediately 

surrounding the event date. 
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Last but not least, this study successfully relates empirical evidence with the H&S model 

of overreactions and underreactions due to gradual information dispersion through the testing of 

various hypotheses derived from the H&S model.  Our autocorrelation results on all three events 

show that, indeed, the autocorrelations of excess returns of aggressive investment portfolios do 

become more negative in reaction to major events, thus leading us to conclude that more 

aggressive investors are liable to larger overreactions than conservative investors.  Our results on 

the 2000-Burst event also support the H&S hypothesis that smaller stocks will exhibit longer 

periods of reactions.  In this case, the NDX markets’ reactions to the 2000-Burst event lasted on 

average one month longer than their SPX counterparts.  However, our results on the LTCM and 

9/11 events are inconclusive on this point.  This may indicate that this H&S hypothesis is only 

true in events that have originated from within the same market.  In this case, the 2000-Burst 

originates from the high-tech sector, which in turn causes longer duration of impacts in the NDX 

markets on which many high-tech firms are listed.  Analyses of longer periods of data will be 

required to properly test the hypothesis in the H&S model that companies showing underreactions 

in the short-run will subsequently exhibit larger overreactions in the long-run. 

Although there is still much to be done on pin-pointing the sources of uncertainties in the 

markets and how these uncertainties will impact the markets, our study used the Hong and Stein 

(1999) model to derive testable hypotheses. Furthermore, we were able to test these hypotheses 

by using state price distributions estimated a la Ross (2000) and derive useful and interesting 

conclusions from these analyses.  For future research, we intend to lengthen our periods of study 

so as to examine the impacts of the event outside our seven-month event horizon.  We will also 

use a combined calls and puts sample set to estimate the state price distributions.   
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Appendix A.  Chronology of News Events during LTCM 

All references in this chronology are from Lowenstein, Roger, “When Genius Failed: The 

Rise and Fall of Long-Term Capital Management,” Random House New York, 2000.  At the start 

of its downfall, Long-Term Capital Management’s portfolio consisted of the following: 

- Russian and other emerging markets = $430 million 

- Directional trades in developed countries (e.g., shorting Japanese Yen) = $371 million 

- Equity pairs (e.g., Volkswagen and Shell) = $286 million 

- Yield curve arbitrage = $215 million 

- S&P 500 stocks = $203 million 

- Junk bond arbitrage = $100 million 

- Merger arbitrage = roughly even 

- Swaps = $1.6 billion 

- Equity volatility = $1.3 billion 

The following table presents the sequence of mini-news events that occurred during the LTCM 

event. 

Period  News on Event 

End of May 1998 

- Russian interest rates tripled  
- Russian economy near collapse 
- U.S. economy showed signs of slowing down after 

the bullish market 
 Bond prices increased 

- Japanese recession  
 Regional/Asian depression 

rumoured 

June 1998 

- Salomon Smith Barney’s Arbitrage Group was 
closed 

- Losses incurred on all of LTCM’s trades as spreads 
widened all over the world 

Early July 1998 

- Some recovery in LTCM’s bottom line 
- Some confidence restored in Russian economy by 

$22.6 billion bailout arranged with IMF and other 
nations 

- People believed that “Nuclear Power Don’t Default” 
End of July 1998 - LTCM performance was flat 

Early August 1998 - Rumours about Russian devaluation circulated 
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- Selling spree on Russian bonds started 

August 13 1998 

- Russian government imposed controls on the Ruble 
- Freeze placed on Russian banking system 
- Short-term rates in Russia increased to 

approximately 200% 

August 17 1998 
- Russia declared debt moratorium; the Nuclear 

Power defaulted 
- Devaluation of rubles 

August 20 1998 - World-wide market meltdown started 
- “flight to quality” 

August 21 1998 

- LTCM fund value dropped $553 million (15% of its 
capital) 

- Since end of April, LTCM had lost more than 1/3 of 
its equity 

August 24 – End of August 1998 

- Investors wanted safety 
QUOTE:  

“The lesser investors, the copycats, the fashionable 
hedge funds, the newcomers to arbitrage, and the 
smaller European-based traders were quitting the 
spread-trading business or withdrawing their capital 
from it in droves.”  (p. 151) 

August 27 1998 - loss of $277 million 
August 28 1998 - profit of $128 million 

Month of August 1998 - LTCM lost $1.9 billion (45% of its capital) 

September 2 1998 

- Investor leaked shareholder letter from Meriwether, 
to Bloomberg 

QUOTE: 
“As it scavenged for capital, Long-Term had been 
forced to reveal bits and pieces and even the general 
outline of its portfolio. … Markets, …, conspire against 
the weak. …  Rival firms began to sell in advance of 
what they feared would be an avalanche of liquidating 
by Long-Term.”  (p. 164) 

September 10 1998 - LTCM fund capital fell below $2 billion (from more 
than $4 billion in April) 

Week of September 14 1998 

- Inspection by Goldman Sachs 
- Allegations arose that Goldman traded based on the 

information obtained from its investigations at 
LTCM 

September 21 – 23 1998 - Consortium meetings 
September 23 1998 - Press release 

September 27 1998 - Agreement with consortium signed by LTCM 
partners 

September 28 1998 
- Bailout of $3.65 billion by 14 banks 
- In the first two weeks after the bailout, the 

consortium lost $750 million 
September 29 1998 - Federal Reserves lowered interest rates 

October 15 1998 
- Federal Reserves lowered interest rates again 
- Losses to LTCM fund stopped; total loss was $5 

billion 
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September 28, 1999 - LTCM fund earned an unimpressive 10% return in 
the year since the bailout 

December 1999 - Meriwether and partners formed JWM Partners in 
November and raised $250 million 

Early 2000 - LTCM paid back consortium the $3.65 billion and 
effectively liquidated 
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Appendix B.  Matching Dates to Maturity for each event. 

This appendix contains three tables listing the days to maturity for each contract-day of 

the seven contract months used in our three events.  Table B.1 lists the days to maturity and 

calendar dates for the LTCM event in 1998.  Table B.2 lists the days to maturity and calendar 

dates for the Tech-Bubble Burst in 2000.  Table B.3 lists the days to maturity calendar dates for 

the 9/11 event in 2001. 

 

Table B.1 

Dates to maturity for LTCM 1998 

DTM Mth1-May Mth2-Jun Mth3-Jul Mth4-Aug Mth5-Sep Mth6-Oct Mth7-Nov
25   17-Jul  16-Oct
24  15-May 20-Jul  19-Oct
23  18-May 21-Jul  20-Oct
22  19-May 22-Jul  21-Oct
21  20-May 23-Jul  22-Oct
20 17-Apr 21-May 24-Jul 18-Sep 23-Oct
19 20-Apr 22-May 19-Jun 27-Jul 21-Aug 21-Sep 26-Oct
18 21-Apr 26-May 22-Jun 28-Jul 24-Aug 22-Sep 27-Oct
17 22-Apr 27-May 23-Jun 29-Jul 25-Aug 23-Sep 28-Oct
16 23-Apr 28-May 24-Jun 30-Jul 26-Aug 24-Sep 29-Oct
15 24-Apr 29-May 25-Jun 31-Jul 27-Aug 25-Sep 30-Oct
14 27-Apr 1-Jun 26-Jun 3-Aug 28-Aug 28-Sep 2-Nov
13 28-Apr 2-Jun 29-Jun 4-Aug 31-Aug 29-Sep 3-Nov
12 29-Apr 3-Jun 30-Jun 5-Aug 1-Sep 30-Sep 4-Nov
11 30-Apr 4-Jun 1-Jul 6-Aug 2-Sep 1-Oct 5-Nov
10 1-May 5-Jun 2-Jul 7-Aug 3-Sep 2-Oct 6-Nov

9 4-May 8-Jun 6-Jul 10-Aug 4-Sep 5-Oct 9-Nov
8 5-May 9-Jun 7-Jul 11-Aug 8-Sep 6-Oct 10-Nov
7 6-May 10-Jun 8-Jul 12-Aug 9-Sep 7-Oct 11-Nov
6 7-May 11-Jun 9-Jul 13-Aug 10-Sep 8-Oct 12-Nov
5 8-May 12-Jun 10-Jul 14-Aug 11-Sep 9-Oct 13-Nov
4 11-May 15-Jun 13-Jul 17-Aug 14-Sep 12-Oct 16-Nov
3 12-May 16-Jun 14-Jul 18-Aug 15-Sep 13-Oct 17-Nov
2 13-May 17-Jun 15-Jul 19-Aug 16-Sep 14-Oct 18-Nov
1 14-May 18-Jun 16-Jul 20-Aug 17-Sep 15-Oct 19-Nov
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Appendix B (cont.).  Dates Matching Dates to Maturity for each event. 

Table B.2   

Dates to maturity for Tech Bubble Burst 2000 

DTM Mth1-Dec Mth2-Jan Mth3-Feb Mth4-Mar Mth5-Apr Mth6-May Mth7-Jun
24   17-Mar  
23  17-Dec 20-Mar  
22  20-Dec 21-Mar  
21  21-Dec 22-Mar  
20  22-Dec 21-Jan 23-Mar  
19 19-Nov 23-Dec 24-Jan 18-Feb 24-Mar 24-Apr 19-May
18 22-Nov 27-Dec 25-Jan 22-Feb 27-Mar 25-Apr 22-May
17 23-Nov 28-Dec 26-Jan 23-Feb 28-Mar 26-Apr 23-May
16 24-Nov 29-Dec 27-Jan 24-Feb 29-Mar 27-Apr 24-May
15 26-Nov 30-Dec 28-Jan 25-Feb 30-Mar 28-Apr 25-May
14 29-Nov 31-Dec 31-Jan 28-Feb 31-Mar 1-May 26-May
13 30-Nov 3-Jan 1-Feb 29-Feb 3-Apr 2-May 30-May
12 1-Dec 4-Jan 2-Feb 1-Mar 4-Apr 3-May 31-May
11 2-Dec 5-Jan 3-Feb 2-Mar 5-Apr 4-May 1-Jun
10 3-Dec 6-Jan 4-Feb 3-Mar 6-Apr 5-May 2-Jun

9 6-Dec 7-Jan 7-Feb 6-Mar 7-Apr 8-May 5-Jun
8 7-Dec 10-Jan 8-Feb 7-Mar 10-Apr 9-May 6-Jun
7 8-Dec 11-Jan 9-Feb 8-Mar 11-Apr 10-May 7-Jun
6 9-Dec 12-Jan 10-Feb 9-Mar 12-Apr 11-May 8-Jun
5 10-Dec 13-Jan 11-Feb 10-Mar 13-Apr 12-May 9-Jun
4 13-Dec 14-Jan 14-Feb 13-Mar 14-Apr 15-May 12-Jun
3 14-Dec 18-Jan 15-Feb 14-Mar 4/17/00 16-May 13-Jun
2 15-Dec 19-Jan 16-Feb 15-Mar 4/18/00 17-May 14-Jun
1 16-Dec 20-Jan 17-Feb 16-Mar 4/19/00 18-May 15-Jun
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Appendix B (cont.).  Dates Matching Dates to Maturity for each event. 

Table B.3   

9/11 2001 

DTM Mth1-June Mth2-July Mth3-Aug Mth4-Sep Mth5-Oct Mth6-Nov Mth7-Dec
24  15-Jun  16-Nov
23  18-Jun  19-Nov
22  19-Jun  20-Nov
21  20-Jun  21-Nov
20  21-Jun 20-Jul 17-Aug 19-Oct 23-Nov
19 18-May 22-Jun 23-Jul 20-Aug 21-Sep 22-Oct 26-Nov
18 21-May 25-Jun 24-Jul 21-Aug 24-Sep 23-Oct 27-Nov
17 22-May 26-Jun 25-Jul 22-Aug 25-Sep 24-Oct 28-Nov
16 23-May 27-Jun 26-Jul 23-Aug 26-Sep 25-Oct 29-Nov
15 24-May 28-Jun 27-Jul 24-Aug 27-Sep 26-Oct 30-Nov
14 25-May 29-Jun 30-Jul 27-Aug 1-Oct 29-Oct 3-Dec
13 29-May 2-Jul 31-Jul 28-Aug 2-Oct 30-Oct 4-Dec
12 30-May 3-Jul 1-Aug 29-Aug 3-Oct 31-Oct 5-Dec
11 31-May 5-Jul 2-Aug 30-Aug 4-Oct 1-Nov 6-Dec
10 1-Jun 6-Jul 3-Aug 31-Aug 5-Oct 2-Nov 7-Dec

9 4-Jun 9-Jul 6-Aug 4-Sep 8-Oct 5-Nov 10-Dec
8 5-Jun 10-Jul 7-Aug 5-Sep 9-Oct 6-Nov 11-Dec
7 6-Jun 11-Jul 8-Aug 6-Sep 10-Oct 7-Nov 12-Dec
6 7-Jun 12-Jul 9-Aug 7-Sep 11-Oct 8-Nov 13-Dec
5 8-Jun 13-Jul 10-Aug 10-Sep 12-Oct 9-Nov 14-Dec
4 11-Jun 16-Jul 13-Aug 17-Sep 15-Oct 12-Nov 17-Dec
3 12-Jun 17-Jul 14-Aug 18-Sep 16-Oct 13-Nov 18-Dec
2 13-Jun 18-Jul 15-Aug 19-Sep 17-Oct 14-Nov 19-Dec
1 14-Jun 19-Jul 16-Aug 20-Sep 18-Oct 15-Nov 20-Dec

 



  97 
 

Appendix C. GARCH Results on NDX and SPX 

This appendix describes the ARCH and GARCH test results using the method in 

Rosenberg and Engle (2002).  Table C.1 displays the results for ARCH tests on the daily SPX 

returns from October 21, 1982 to December 31, 2001, and on the daily NDX returns from 

October 2, 1985 to December 31, 2001.  The start date for each series is determined by the 

availability of data, while the end date is determined by the last month in the event window of the 

latest-occurring of our three events: the 9/11 event.  The Jacque-Bera normality test statistics 

clearly show that we can reject the null hypothesis of normality in the unconditional daily returns 

on the NDX and SPX.  The Q(20), Q2(20), and LM tests all confirm the presence of ARCH 

effects in the daily returns on NDX and SPX.  There are also evidence of negative skewness and 

positive excess kurtosis in the return distributions. 

Table C.1   

Summary statistics on NDX and SPX returns 
This table displays the skewness, kurtosis, Jacque-Bera normality, Q(20), Q2(20), LTCM ARCH(1) and LM ARCH(8) test results.  
Q(20) and Q2(20) are the Ljung-Box-Pierce portmanteau tests for up to twentieth order serial correlation in the residuals and the 
squared residuals respectively.  A low p-value in the Jacque-Bera normality test indicates rejection of the null hypothesis of normality.  
Low p-values in the Q(20), Q2(20), LTCM ARCH(1) and LM ARCH(8) tests indicate the presence of ARCH effects in the 
distribution.  A large Q2(20) statistic indicates a strong possibility of GARCH effect. 
 
 NDX SPX 
 Statistic p-value Statistic p-value 
Skewness -0.17  -2.42  
Excess Kurtosis 7.72  52.68  
Jacque-Bera normality test 10188.24 <0.0005 563555.51 <0.0005 
Q(20) 84.21 <0.0005 41.50 0.03 
Q2(20) 2852.67 <0.0005 322.08 <0.0005 
LM ARCH(1) 279.94 <0.0005 57.33 <0.0005 
LM ARCH(8) 751.15 <0.0005 244.06 <0.0005 
 

 We then run various GARCH and ARCH models on the daily NDX and SPX returns and 

test for the model that best represents these data series.  The likelihood ratio tests on both series 

indicate significant improvement in the log-likelihood function from the GARCH(1,1) with 

MA(1) model, over both the ARCH(1) and the GARCH(1,1) models.  Further, the Q(20), Q2(20), 

and LM tests show that the ARCH effects are eliminated with the GARCH(1,1) with MA(1) 

model, even though non-normality still exists.  There is no longer any excess kurtosis in the NDX 
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return distribution after adjusting for the ARCH effects with the GARCH models, and excess 

kurtosis is reduced substantially for the SPX return distribution after adjusting it for GARCH.  

Although negative skewness is still present in both SPX and NDX return distributions, they have 

become smaller when compared to the skewness level in the unconditional distribution.  Although 

the cross-validation Mean Squared Error for the GARCH(1,1) model is slightly lower than that 

for the GARCH(1,1) with MA(1) model, we believe that the improvement in the log-likelihood 

function and the elimination of the ARCH effects justify the selection of the latter model.  

 

Table C.2 

Test results on NDX using ARCH and GARCH models. 
This table displays the models and test results for the NDX return distribution over time, after adjusting it for ARCH(1), GARCH(1,1), 
and GARCH(1,1) with MA(1).  Panel A shows the results for the ARCH(1) model; Panel B shows the results for the GARCH(1,1) 
model; and Panel C shows the results for the GARCH(1,1) model with MA(1). The top part of each panel displays the skewness, 
kurtosis, Jacque-Bera normality, Q(20), Q2(20), LTCM ARCH(1) and LM ARCH(8) test results.  Q(20) and Q2(20) are the Ljung-
Box-Pierce portmanteau tests for up to twentieth order serial correlation in the residuals and the squared residuals respectively.  A low 
p-value in the Jacque-Bera normality test indicates rejection of the null hypothesis of normality.  Low p-values in the Q(20), Q2(20), 
LTCM ARCH(1) and LM ARCH(8) tests indicate that ARCH effects are still present in the distribution.  A large Q2(20) statistic 
indicates presence of higher-level GARCH effect.  The formula for each model is displayed in each corresponding panel under the 
statistical test results.  The defintions of the symbols are as follows :  St = index level at time t, St-1 = lagged index level, Rf = risk-free 
rate (proxied by 1-month T-bill rate), εt = residual at time t, σ2

t = variance of the return distribution at time t, and MSE = Mean 
Squared Error of the model.   
 

A B C 
ARCH(1) GARCH(1,1) GARCH(1,1) with MA(1) 
 Statistic p-value Statistic p-value Statistic p-value 
Skewness -0.047  -0.445  -0.426  
Excess 
Kurtosis 

4.5761  1.859  1.899  

Jacque-Bera 3569.6571  723.393 <0.0005 738.007 <0.0005 
Q(20) 62.18 <0.0005 49.17 <0.0005 20.67 0.417 
Q2(20) 1638.4 <0.0005 18.24 0.572 18.66 0.544 
LM ARCH(1) 4.3573 0.0368 4.213 0.0401 4.02 0.045 
LM ARCH(8) 537.3521 <0.0005 9.19 0.3265 8.842 0.356 
 
ARCH(1) model: 
 
ln(St/St-1) – Rf = 0.0011202 – εt  
                               (4.632) 
εt ~ f(0, σ2

t-1) 
 
σ2

t|t-1 = 0.00021011 + 0.41452 ε2
t-1|t-2 

                (33.39)        (13.24) 
 
Cross-validation MSE = 0.00003048 
 
 

 
GARCH(1,1) model: 
 
ln(St/St-1) – Rf = 0.0010317 – εt  
                               (5.36) 
εt ~ f(0, σ2

t-1) 
 
σ2

t|t-1 = 0.0000042041 + 0.1046ε2
t-1|t-2 + 0.88252σ2

t-1|t-2 
             (5.645)               (10.6)              (86.38) 
 
Cross-validation MSE = 0.000027393 
 
Likelihood Ratio test p-value < 
0.0001 

 
GARCH(1,1) with MA(1) model: 
 
ln(St/St-1) – Rf = 0.0010263 – εt  
                               (4.925) 
εt = υt + 0.084797 υt-1      
              (5.041) 
 
σ2

t|t-1 = 0.0000042298 + 0.10618ε2
t-1|t-2 + 0.88089σ2

t-1|t-2 
                (5.704)            (10.66)                 (85.76) 
 
Cross-validation MSE = 0.000027614 
 
Likelihood Ratio test p-value < 
0.0001 
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Table C.3 

Test results on SPX using ARCH and GARCH models. 
This table displays the models and test results for the SPX return distribution over time, after adjusting it for ARCH(1), GARCH(1,1), 
and GARCH(1,1) with MA(1).  Panel A shows the results for the ARCH(1) model; Panel B shows the results for the GARCH(1,1) 
model; and Panel C shows the results for the GARCH(1,1) model with MA(1). The top part of each panel displays the skewness, 
kurtosis, Jacque-Bera normality, Q(20), Q2(20), LTCM ARCH(1) and LM ARCH(8) test results.  Q(20) and Q2(20) are the Ljung-
Box-Pierce portmanteau tests for up to twentieth order serial correlation in the residuals and the squared residuals respectively.  A low 
p-value in the Jacque-Bera normality test indicates rejection of the null hypothesis of normality.  Low p-values in the Q(20), Q2(20), 
LTCM ARCH(1) and LM ARCH(8) tests indicate that ARCH effects are still present in the distribution.  A large Q2(20) statistic 
indicates presence of higher-level GARCH effect.  The formula for each model is displayed in each corresponding panel under the 
statistical test results.  The defintions of the symbols are as follows :  St = index level at time t, St-1 = lagged index level, Rf = risk-free 
rate (proxied by 1-month T-bill rate), εt = residual at time t, σ2

t = variance of the return distribution at time t, and MSE = Mean 
Squared Error of the model.   
 
 ARCH(1) GARCH(1,1) GARCH(1,1) with MA(1) 
 Statistic p-value Statistic p-value Statistic p-value 
Skewness -0.6157  -0.631  -0.6216  
Excess 
Kurtosis 

6.1368  4.979  4.9656  

Jacque-Bera 7893.1247 <0.0005 5316.034 <0.0005 5278.9788 <0.0005 
Q(20) 50.94 <0.0005 50.5 <0.0005 31.89 0.044 
Q2(20) 715.89 <0.0005 13.19 0.869 13.82 0.840 
LM ARCH(1) 0.3443 0.5573 3.384 0.0658 3.4908 0.0617 
LM ARCH(8) 450.7835 <0.0005 5.192 0.7369 5.3138 0.7236 
 
ARCH(1) model: 
 
ln(St/St-1) – Rf = 0.00057413 – εt  
                               (4.281) 
εt ~ f(0, σ2

t-1) 
 
σ2

t|t-1 = 0.00007818 + 0.24039 ε2
t-1|t-2 

                (38.19)         (10.29) 
 
Cross-validation MSE = 0.0000059316 
 

 
GARCH(1,1) model: 
 
ln(St/St-1) – Rf = 0.0006252 – εt  
                               (5.435) 
εt ~ f(0, σ2

t-1) 
 
 
σ2

t|t-1= 0.0000012109 + 0.079585ε2
t-1|t-2 + 0.91208 σ2

t-1|t-2 
                (5.426)            (10.62)                  (121) 
 
Cross-validation MSE = 0.000012538 
 
Likelihood Ratio test p-value < 
0.0001 

 
GARCH(1,1) with MA(1) model: 
 
ln(St/St-1) – Rf = 0.0006284 – εt  
                               (5.197) 
εt = υt + 0.051115 υt-1      
              (3.267) 
 
σ2

t|t-1= 0.0000012139 + 0.080294ε2
t-1|t-2 + 0.91136σ2

t-1|t-2 
                (5.429)            (10.64)                 (120.2) 
 
Cross-validation MSE = 0.000012617 
 
Likelihood Ratio test p-value < 
0.005 
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Appendix D. The relationship between state price density (Li) and market 

expectations 

 From Ross (1999) and Schraven (2001), we understand that there are intimate 

relationships between objective state probabilities, risk-neutral state probabilities, state price 

density, expected market value, and actual market value of state i.  Here, we will reproduce the 

derivations that allow us to arrive at the definitions of these relationships. 

 Let us suppose that there are no arbitrage opportunities in the financial markets.  Further, 

let us suppose that the markets are complete.  The first assumption ensures the existence of a risk-

neutral probability measure, while the second allows us to price all contingent securities by using 

our estimated risk-neutral probability measure.  If the market is incomplete, we will only be able 

to compute prices of attainable securities, and estimate the ranges of the rest.   A unique risk-

neutral probability measure exists in a complete market. 

 Given the above assumptions, the pricing of any contingent security x is as follows: 

 Vx = EQ(Xi)/(1+r)         (A.1)  

where 

Vx = value of security x at time 0 

qi = risk-neutral probability for state i, under risk-neutral probability measure q 

EQ(.) = expectation under the risk-neutral probability measure q 

Xi = payoff of security x in state i at time T 

r = riskless rate of return 

Define the state price density, L, as  

 Li = qi/pi          (A.2) 

where pi is the objective probability, and Li the state price density for state i. Now that we have 

the pricing formula for any security x, we can use it to arrive at the price of a contingent claim 
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that pays $1 in state k, and zero otherwise.  Let us call this security k.   The value of security k 

can be calculated as: 

 Vk  = EQ[1k / (1+r)] 

 Vk = qk/(1+r)        (A.3) 

where 1k = 1 in state k and zero otherwise.  We can then manipulate Equation A.3 to arrive at the 

relationship between state price density and expected and actual market values of state k. 

 Vk (1+r) = qk 

 Vk (1+r) = qk (pk/pk) 

 Vk (1+r) / pk = qk/pk = Lk 

 1 – Lk = 1 – [Vk (1+r) / pk] = [pk – Vk (1+r)]/pk     (A.4)  

Thus, if Lk < 1, qk < pk, and Equation A.4 indicates that 

 pk – Vk(1+r) > 0 

 Vk < pk / (1+r) 

 Vk < E[1k / (1+r)]        (A.5) 

as pk = E(1k).  The reverse relationship can be derived for the case of Lk > 1.   

We can now state the following relationships: 

1. In states where Li < 1, actual market value is less than expected market value. 

2. In states where Li > 1, actual market value is greater than expected market value. 
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Appendix E.  Detailed Analysis Results on LTCM 1998 
 

A.  Post-Event Impact Duration18 

Results on Skewness of SPDs 

 The following analyses on the LTCM event use data on the calls and puts options on SPX 

and NDX from April 17 to November 19 1998.  Please refer to Appendix B for the relevant dates 

for each contract month.  From the monthly changes in average skewness levels in the SPDs (see 

Table E.1 and Figures E.1 and E.2), the following observations can be made: 

a) In the NDX calls market, the skewness results show a definite upward trend as we move from 

May to November.  Post-LTCM skewness levels in October are on average significantly 

higher, and significantly more variable than those in May (first month in study) and August 

(event month).  In contrast, post-LTCM average skewness levels in November are only 

significantly higher than that in May, but variability in November is significantly less than 

that in October.  These results indicate that, overall, post-event investor reactions in the NDX 

calls most likely continued until October, but then began to unwind by November, even 

though the levels of investor pessimism still remained higher than those in May. 

b) In the NDX puts market, we also find the skewness levels trending upward as we move from 

May to November.  The post-event skewness levels in October are on average significantly 

higher than that in May, whilst the ones in November are significantly higher than those in 

both May and August.  Further, post-LTCM skewness levels are significantly more variable 

in October when compared to both May and August.  Overall, our skewness results indicate 

that post-LTCM reactions in the NDX puts market continued well into November 1998. The 

evolution of the skewness levels (see Figure E.2b) shows that impacts that occurred in 

                                                           
18 Subsections (i) to (iv) contain detailed analysis of changes in the six study variables during the LTCM event.  For a 
summary of conclusions on the post-event impact duration stemming from this event, please skip to subsection (v): 
Conclusions on Duration for LTCM on p. 124. 
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September started to calm down in October, but then began to take off again in November.  

This seems to indicate a mini underreaction zone in October for the NDX puts. 

c) From the graphs, there are no noticeable upward or downward trends in the post-LTCM 

skewness levels.  The mean skewness levels in the three post-event months are neither 

significantly higher nor more variable that that in May; on the other hand, post-LTCM means 

in September, October, and November are significantly higher but not more variable than that 

in August.  No significant differences are found in the month-to-month skewness levels from 

September to November.  Overall, post-LTCM investor reactions definitely occurred in 

September, but the evidence is less clear for October and November.  The pessimism levels in 

these last two months were not significantly higher or lower than that in May, but they were 

significantly higher than that in August.  As such, we conclude that the reaction time in SPX 

Calls could have lasted at least one month to three months post-LTCM. 

d) In the SPX Puts market, there is also a small upward trend in the skewness levels from May 

to November.  The post-event means are significantly higher in September, October, and 

November than that in May, but not more variable.  Similarly, the post-event means are 

significantly higher, but not more variable in October and November than that in August.  

There are no significant month-to-month differences in skewness levels between September, 

October, and November.  The strange skewness results in July are due to the strange pattern 

of put pricing during this contract month:  most of the strike prices have the same price, while 

prices at extreme high strike prices are substantially higher.  Overall, post-event investor 

reactions in September continued well into November, but these reactions were not as strong 

as the ones that occurred prior to the August event-month. 

In summary, the post-event impact durations on expected future returns are two months 

(October) for the NDX calls market, three months (November) for the NDX puts market, one to 

three months (September - November) for the SPX calls market, and three months (November) 

for the SPX puts market. 
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Table E.1 

P-values of test results for Skewness levels of the SPDs for LTCM 
This table displays the test results for skewness levels of the state price distributions estimated for the LTCM seven-month event 
window.  Significance tests are performed for changes in skewness levels from one month to the next (Month-to-month), between the 
individual month and the first month in the event window (May-to-Month), and between the individual month and the event month 
(August-to-Month).  The test statistics provided are for t-tests on changes in means, and F-tests on changes in standard deviations.  
The test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates 
significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 
(a)  NDX Calls 
   Month-to-month  May-to-Month  August-to-Month 
 Average skewness Median ttest(2 tails) Ftest ttest(2 tails) Ftest ttest(2 tails) Ftest 
May 1.7521 2.0260       0.0343* 0.6934 
June 1.4666 1.4668 0.1517 0.4734  0.1517 0.4734  0.0003** 0.2450 
July 1.4709 1.4814 0.9833 0.4175  0.2117 0.9207  0.0015** 0.7768 
August 2.2195 2.1572 0.0015** 0.7768  0.0343* 0.6934  1.0000 1.0000 
September 2.2041 2.0655 0.9485 0.7300  0.0671 0.4876  0.9485 0.7300 
October 2.8927 2.9394 0.0360* 0.1393  0.0006** 0.0294*  0.0302* 0.0500* 
November 2.2476 2.2465 0.0335* 0.0148*  0.0193* 0.9290  0.8894 0.6058 
 
 
(b)  NDX Puts 
   Month-to-month  May-to-Month  August-to-Month 
 Average skewness Median ttest(2 tails) Ftest ttest(2 tails) Ftest ttest(2 tails) Ftest 
May 2.1743 2.2066       0.1086 0.9742 
June 2.3550 2.1297 0.5033 0.2691  0.5033 0.2691  0.2433 0.2317 
July 3.3555 3.3188 0.0000** 0.2460  0.0001** 0.0330*  0.0048** 0.0252* 
August 2.6517 2.2970 0.0048** 0.0252*  0.1086 0.9742  1.0000 1.0000 
September 2.6393 2.7407 0.9623 0.2594  0.1012 0.2943  0.9623 0.2594 
October 2.9774 3.0413 0.1314 0.3420  0.0035** 0.0454*  0.1771 0.0349* 
November 3.8971 4.0249 0.0001** 0.1350  0.0000** 0.5290  0.0000** 0.4830 
 
 
(c) SPX Calls 
   Month-to-month  May-to-Month  August-to-Month 
 Average skewness Median ttest(2 tails) Ftest ttest(2 tails) Ftest ttest(2 tails) Ftest 
May 1.6547 1.5750       0.0434* 0.2997 
June 2.6474 2.5300 0.0000** 0.8474  0.0000** 0.8474  0.0000** 0.1931 
July 1.3409 1.1419 0.0000** 0.9685  0.1213 0.8270  0.5370 0.2147 
August 1.2091 0.9055 0.5370 0.2147  0.0434* 0.2997  1.0000 1.0000 
September 1.8125 1.7138 0.0199* 0.8779  0.5093 0.2622  0.0199* 0.8779 
October 1.6468 1.6974 0.4905 0.2847  0.9691 0.9579  0.0482* 0.3257 
November 1.6462 1.5132 0.9979 0.6694  0.9667 0.6296  0.0467* 0.5468 
 
 
(d)  SPX Puts 
   Month-to-month  May-to-Month  August-to-Month 

 
Average 
skewness Median 

ttest(2 
tails) Ftest 

ttest(2 
tails) Ftest 

ttest(2 
tails) Ftest 

May 1.6483 1.5207       0.2263 0.7166 
June 3.2060 3.2638 0.0000** 0.2149  0.0000** 0.2149  0.0000** 0.3393 
July 3.2909 3.3166 0.6166 0.0000**  0.0000** 0.0000**  0.0000** 0.0000** 
August 1.8783 1.7718 0.0000** 0.0000**  0.2263 0.7166  1.0000 1.0000 
September 2.2501 1.9786 0.1038 0.3942  0.0114* 0.2553  0.1038 0.3942 
October 2.4471 2.2602 0.4287 0.8427  0.0007** 0.3408  0.0110* 0.5157 
November 2.3122 2.2866 0.5230 0.3947  0.0008** 0.8696  0.0204* 0.8313 
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Figure E.1.  Seven-Month Comparison of Skewness Levels of SPDs during LTCM event with 95% confidence bounds.  Daily 
skewness levels are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 95% 
confidence bounds are constructed using skewness levels over all seven months.  The vertical divider-lines separate each contract 
month. 
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Figure E.2.  Month-to-Month Comparisons of Skewness Levels of SPDs during LTCM event with 95% confidence bounds.  
Daily skewness levels are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 
95% confidence bounds are constructed using skewness levels estimated for the daily SPDs during each contract month.  The vertical 
divider-lines separate each contract month. 

 

(ii) Results on Variability of SPDs 

 Figure E.3 presents the plots of the standard deviations of the SPDs over the 7-month 

study period, with 95% confidence intervals calculated for each month for all four markets.  Table 

E.2 presents the p-values of t-tests on differences in standard deviations of the SPDs for month-

to-month, all months versus May, and all months versus August. 

a) In the NDX calls market, the variability of the SPDs goes up and down from one month to the 

next like the teeth of a jigsaw.  Post-LTCM variability of the SPDs in September and 
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November are significantly lower than that  in May; while post-LTCM variability are not 

significantly higher than that in August.  Month-to-month, the SPDs in October are 

significantly more variable than in September, and significantly less variable in November 

than in October.  Overall, at least variability wise, there seems to be no apparent post-event 

investor reactions; the duration of post-event impacts is 0 month. 

b) In the NDX puts market, the standard deviations of SPDs in the three post-LTCM months are 

fairly stable.  The post-LTCM variability is not significantly different than that in May, but 

the variability in November is significantly higher than that in August.  On the other hand, 

there is no significant difference in the month-to-month variability from September to 

November.  Overall, our results indicate that there is may be some residual evidence of 

variability in reactions between August and November, but not between May and any of the 

three post-LTCM months.  Therefore, we conclude that the impact on variability in investor 

sentiments in the NDX puts market did not last very long into the post-event months, and 

might even have tapered off by early as September 1998. 

c) From the graphs of the SPX calls SPD standard deviations, we observe that standard 

deviations in the SPDs seem to be trending downward from August to September, from 

September to October, and from October to December.  Post-LTCM variability in October 

and November SPDs are significantly lower than that in May.  Furthermore, post-LTCM 

variability in November is significantly lower than that in August.  Month-to-month 

comparisons of the SPD standard deviations show that the October variability is significantly 

lower than that in September.  Overall, there is no evidence of heightened variability in the 

SPDs in the three post-LTCM months; instead, the evidence shows a decreasing trend in the 

SPD variability post-LTCM.  We thus conclude that post-event variations in investor 

sentiments were not significant for the LTCM event. 

d) In the SPX puts market, the graphs of the SPD standard deviations show a decreasing 

variability during the post-LTCM months.  The SPD volatilities for all three post-LTCM 
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months are significantly lower than those in May and August.  When compared month-to-

month, the September variability is higher than the one in August, and the November 

variability is higher than the one in October.  Overall, variability in investor sentiments seems 

to begin to decline in September and continue to decline until October, and then rose again in 

November, albeit to a level that was still significantly lower than those in May and August.  

Thus, we conclude that the LTCM impact on variability in investor sentiment during the post-

LTCM months were negligible. 

In sum, the duration of post-LTCM impacts on the variability in investors’ expectations is 

0 month in all four markets in our study.  These results signify that, whether investors became 

more or less optimistic or pessimistic, most of the investors would lean one way or another as a 

group.  That is, investor sentiments after the LTCM event were not widely dispersed but were 

quite tightly grouped! 

 

(iii) Results on the percentages of Li>1 

The seven-month comparisons of the percentages of Li > 1 (i.e., the percentages of 

discount states) for the four markets are plotted in Figure E.4, which also includes the 95% 

confidence bounds over the seven months.  The same percentages are also plotted in Figure E.5 

with the monthly confidence bounds.  For details on t-tests and F-tests on these percentages, 

please refer to Table E.3.   

In each of the market, the results are as follows: 

(i)  In the NDX calls market, the seven-month comparison graph shows no visible difference in 

the percentages for all seven months.  The monthly comparison graph shows very slightly higher 

percentages in September and October, and very slightly lower percentages in November.  The t-

tests show that none of the three post-LTCM months exhibit significantly higher percentages, 

neither with the month-to-month comparisons, nor when compared to May or August.  However, 

the November percentages are actually significantly lower, both in mean and variance, than the 
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October percentages.  Overall, our results show no significant changes in investors’ expectations 

in the three post-LTCM months, and therefore, the duration of post-LTCM impacts is determined 

to be 0 month. 

Table E.2 

P-values of test results for Standard Deviations of the SPDs for LTCM 
This table displays the test results for standard deviations of the state price distributions estimated for the LTCM seven-month event 
window.  Significance tests are performed for changes in standard deviations from one month to the next (Month-to-month), between 
the individual month and the first month in the event window (May-to-Month), and between the individual month and the event month 
(August-to-Month).  The test statistics provided are for t-tests on changes in mean standard deviations.  The test results for NDX calls, 
NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates significant p-value at the 5% 
significance level, and ** indicates significant p-value at 1% significance level. 
 
(a)  NDX Calls 
   Month-to-month  May-to-Month  August-to-Month 
 Average Std. Dev Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
May 0.1329 0.1046       0.0489* 
June 0.0891 0.0867 0.0388*   0.0388*   0.8960 
July 0.1050 0.0939 0.1075   0.1943   0.1831 
August 0.0902 0.0847 0.1831   0.0489*   1.0000 
September 0.0745 0.0700 0.0600   0.0074**   0.0600 
October 0.1027 0.0970 0.0012**   0.1525   0.2219 
November 0.0760 0.0757 0.0016**   0.0085**   0.0779 
 
(b)  NDX Puts 
   Month-to-month  May-to-Month  August-to-Month 
 Average Std. Dev Median ttest(2 tails)   ttest(2 tails)  ttest(2 tails) 
May 0.1151 0.1059        
June 0.0828 0.0762 0.0127*   0.0127*   0.2379 
July 0.1701 0.1731 0.0000**   0.0017**   0.0145* 
August 0.0999 0.0971 0.0000**   0.2379   0.0000** 
September 0.0979 0.1018 0.7827   0.1694   0.7827 
October 0.1151 0.1087 0.0511   0.9985   0.1048 
November 0.1238 0.1241 0.3482   0.4990   0.0037** 
 
 
(c)  SPX Calls 
   Month-to-month  May-to-Month  August-to-Month 
 Average Std. Dev Median ttest(2 tails)   ttest(2 tails)   ttest(2 tails)  
May 0.1378 0.1091         
June 0.0928 0.0886 0.0225*   0.0225*   0.1542  
July 0.1394 0.1245 0.0001**   0.9386   0.0090**  
August 0.1103 0.1068 0.0114*   0.1542   0.0114*  
September 0.1197 0.1153 0.3317   0.3632   0.3317  
October 0.0980 0.0910 0.0289*   0.0438*   0.1032  
November 0.0950 0.0885 0.6834   0.0313*   0.0443*  
 
 
(d)  SPX Puts 
   Month-to-month  May-to-Month  August-to-Month 
 Average Std. Dev Median ttest(2 tails)   ttest(2 tails)   ttest(2 tails)  
May 0.1177 0.1113         
June 0.0881 0.0854 0.0008**   0.0008**   0.8889  
July 0.2836 0.3006 0.0000**   0.0000**   0.0002**  
August 0.1164 0.1089 0.0000**   0.8889   0.0000**  
September 0.0894 0.0792 0.0018**   0.0034**   0.0018**  
October 0.0788 0.0739 0.1590   0.0000**   0.0000**  
November 0.0947 0.0887 0.0143*   0.0082**   0.0038**  
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(c) SPX Calls     (d) SPX Puts 

Figure E.3.  Month-to-Month Comparison of Standard Deviations of SPDs during LTCM event with 95% confidence bounds.  
Daily standard deviations are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 
95% confidence bounds are constructed using standard deviation levels estimated for the daily SPDs during each contract month.  The 
vertical divider-lines separate each contract month. 

 
 

 (ii)  In the NDX puts market, Figure E.4b reveals a possible downward trend in the three post-

LTCM months.  The monthly comparison in Figure E.5b, on the other hand, reveals small 

variations in the percentages during August, but these variations got bigger as we move from 

September to November.  Our t-tests show that, compared to both May and August, all three post-

LTCM months have significantly lower percentages.  Our F-test results indicate higher volatility 
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in the post-LTCM percentages than August.  Overall, investor’s expectations probably began to 

improve as we moved into September.  However, their expectations also became more dispersed 

during the post-LTCM months.  As such, we conclude that the duration of post-LTCM impacts is 

0 month. 

(iii) For the SPX calls market, the seven-month comparison shows May percentages to be lower 

than the three post-LTCM months, and monthly comparisons show small variations in the 

percentages during August which becomes increasingly wider from September to November.  

Compared to May, the percentages in September and October are significantly higher; compared 

to August, they are significantly lower in November.  F-tests of variability show that the October 

percentages are more volatile than August percentages.  The month-to-month t-tests also show 

that the November percentages decreases significantly from October.  Overall, investors’ 

enthusiasm did not revive until November, thus giving us 2 months of post-LTCM impacts. 

(iv)  The seven-month comparison graph of the percentages of discount states in the SPX puts 

market shows that there is a slight downward trend in the three post-LTCM months.  The graph of 

monthly comparisons show small variations of percentages during August, but the variability 

became increasingly bigger as we move from September to November.  The t-test results show 

that, compared to May and August, September and November have significantly lower 

percentages.  The F-tests also show that the post-LTCM percentages are significantly more 

variable than May but not August.  Overall, investors’ expectations began to normalize as we 

moved into the post-LTCM period.  However, these expectations are also more dispersed.  

Therefore, the duration of post-LTCM impacts is determined to be 0 month. 

In sum, the above analyses of the percentages of discount states yields post-event impact 

durations of: zero month in the NDX calls, NDX puts, and SPX puts markets, and two months 

(September and October) in the SPX calls market.   
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Table E.3 

Monthly means and medians of percentages of discount states and t-tests and F-tests of significance 
in LTCM event 

This table displays the test results for percentages of Li>1of the state price distributions estimated for the LTCM seven-month event 
window.  Significance tests are performed for changes in the percentages from one month to the next (Month-to-month), between the 
individual month and the first month in the event window (May-to-Month), and between the individual month and the event month 
(August-to-Month).  The test statistics provided are for t-tests on changes in means, and F-tests on changes in standard deviations.  
The test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates 
significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 
(a) NDX Calls 
   Month-to-Month  May-to-Month  August-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
May 0.4593 0.4667       0.9589 0.8766 
June 0.5299 0.5000 0.0635 0.5146  0.0635 0.5146  0.0587 0.3961 
July 0.5073 0.4667 0.5781 0.2543  0.2798 0.6324  0.2857 0.7239 
August 0.4613 0.4500 0.2857 0.7239  0.9589 0.8766  1.0000 1.0000 
September 0.4303 0.4074 0.4464 0.9835  0.4913 0.9002  0.4464 0.9835 
October 0.4802 0.4500 0.3066 0.3211  0.6601 0.2569  0.6835 0.2912 
November 0.3872 0.3600 0.0388* 0.0394*  0.0514 0.3922  0.0354* 0.2851 
 
(b) NDX Puts 
   Month-to-Month  May-to-Month  August-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
May 0.4321 0.4496       0.1087 0.0513 
June 0.4101 0.3913 0.5662 0.5928  0.5662 0.5928  0.2594 0.1459 
July 0.3734 0.4000 0.4385 0.0742  0.2443 0.2261  0.9508 0.0015** 
August 0.3761 0.3810 0.9508 0.0015**  0.1087 0.0513  1.0000 1.0000 
September 0.2883 0.2609 0.0289* 0.0135*  0.0028** 0.6032  0.0289* 0.0135* 
October 0.2792 0.2353 0.8524 0.8083  0.0019** 0.4404  0.0193* 0.0060** 
November 0.2981 0.2800 0.6820 0.7520  0.0024** 0.6169  0.0273* 0.0108* 
 
(c)  SPX Calls 
   Month-to-Month  May-to-Month  August-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
May 0.4638 0.4615       0.0037** 0.0775 
June 0.3367 0.3000 0.0066** 0.4950  0.0066** 0.4950  0.0000** 0.0112* 
July 0.5263 0.5000 0.0005** 0.8329  0.2088 0.3972  0.2568 0.0086** 
August 0.5755 0.5455 0.2568 0.0086**  0.0037** 0.0775  1.0000 1.0000 
September 0.5526 0.5714 0.4745 0.4023  0.0317* 0.3965  0.4745 0.4023 
October 0.5588 0.5294 0.8821 0.2553  0.0399* 0.7651  0.6610 0.0377* 
November 0.4393 0.4400 0.0066** 0.5503  0.5421 0.7799  0.0001** 0.1177 
 
 
(d)  SPX Puts 
   Month-to-Month  May-to-Month  August-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
May 0.4769 0.5000       0.8064 0.0444* 
June 0.3328 0.2759 0.0016** 0.0018**  0.0016** 0.0018**  0.0020** 0.1792 
July 0.2344 0.0909 0.1088 0.5505  0.0001** 0.0004**  0.0001** 0.0587 
August 0.4851 0.5000 0.0001** 0.0587  0.8064 0.0444*  1.0000 1.0000 
September 0.3960 0.3810 0.0411* 0.8183  0.0395* 0.0339*  0.0411* 0.8183 
October 0.4020 0.3600 0.8954 0.9720  0.0521 0.0296*  0.0534 0.7863 
November 0.3314 0.3000 0.1277 0.5678  0.0004** 0.0056**  0.0007** 0.3691 
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(c) SPX Calls       (d) SPX Puts 
 
Figure E.4.  Seven-Month Comparisons of Percentages of Li > 1 before, during and after the LTCM event, with 95% 
Confidence Bounds.  Daily percentages of Li > 1 are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, 
and d, respectively.  The 95% confidence bounds are constructed using levels over all seven months.  The vertical divider-lines 
separate each contract month. 
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(c) SPX Calls      (d) SPX Puts 

Figure E.5.  Monthly Comparisons of Percentages of Li > 1 before, during and after the LTCM event, with 95% Confidence 
Bounds.  Daily percentages of Li>1 are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, 
respectively.  The 95% confidence bounds are constructed using levels estimated for the daily SPDs during each contract month.  The 
vertical divider-lines separate each contract month. 
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(iv) Results on Excess Returns 

From Variances: 

 The results on variances on excess returns are presented in Figure E.6, and the F-test 

results are presented in Tables E.4 and E.5.  Figure E.6a shows that, in the NDX calls market, the 

variability in the excess returns on L, CL, and PL generally move up or down in the same direction 

except for October.  During the October contract month, the excess returns on L and CL become 

less variable, while those on PL become more variable.  F-tests on the excess returns on L show 

no significant changes in post-LTCM variability, whether it is month-to-month comparisons, or 

comparisons with May and August.  In contrast, F-test results on CL excess returns indicate 

October variability is higher than that in the first month (May), the event month (August), and the 

previous month (September).  The F-tests on post-LTCM excess returns on PL are even more 

significant.  The month-to-month comparisons show that returns are significantly less variable in 

September, more variable in October, and less variable in November; comparisons with May 

show significantly lower variability in September and November; and finally, comparisons with 

August indicate significantly higher variability in October.  Overall, our results indicate post-

LTCM impacts in October but not in November, thus giving us duration of post-event impacts of 

2 months (October). 

 Figure E.6b shows the variability of excess returns in the NDX puts market.  Two 

interesting points can be noted from this figure: one, that the variability in the NDX puts market 

is much less than that in the NDX calls market, and two, that the variability in excess returns for 

the three portfolios generally moves in the same direction except for June and October. During 

the post-event month of October, the variability in L and CL goes up while that in PL goes down.  

From the F-test results in Table E.4, only one significant post-LTCM impact is found for L and 

CL: the variability in September is significantly lower than that in May.  For PL, our F-tests show 

significant drops in variability from August to September, and from September to October, but 

then a significant increase in variability from October to November.  The comparisons with May 
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variability show significantly lower variability in October, and comparisons with August show 

significantly lower variability in September and October, but not in November.  Overall, there 

does not appear to be any post-LTCM impact in the L and CL portfolios in NDX puts.  Even with 

the PL portfolio, there is no strong evidence to suggest post-LTCM impacts on the excess returns.  

Hence, the duration of post-LTCM impacts indicated by this set of results is 0 month for the NDX 

puts market. 

 From Figurer E.6c, we see that the post-LTCM variability in excess returns for L in the 

SPX calls market goes down from September to October, and from October to November; on the 

other hand, the variability for the CL portfolio goes down from September to October, and then 

goes up from October to November.  Fr the more volatile PL portfolio, the variability goes up 

from September to October, then down from October to November.  Hence, the variability in the 

two sub-portfolios moves in opposite directions from each other.  It is, however, quite apparent 

from Figure E.6c that the post-LTCM excess returns in the SPX calls are much less variable than 

the pre-LTCM ones.  In terms of the F-test results from Table E.5, the month-to-month 

comparisons show a significant decrease in variability from August to September in all three 

portfolios.  These F-tests also reveal a significant increase in variability in the excess returns on 

PL from September to October.  When compared to May, the excess returns on L are significantly 

less variable in October and November, while the excess returns on CL are less variable in 

September, October, and November.  For the PL portfolio, standard deviations on excess returns 

are significantly lower in September and November than those in May.  When compared to the 

August excess returns, standard deviations in the three post-event months are significantly lower 

for all three portfolios.  Overall, standard deviations in excess returns show that the impacts from 

the LTCM did not stretch across to the post-event months of September, October, and November.  

Even with the more volatile PL portfolio, there was only a relatively slight but significant increase 

in variability from September to October.  Hence, this set of results indicates duration of 0 month 

of post-event impacts in the SPX calls market. 
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(a) NDX Calls 
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(b) NDX Puts 
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(c) SPX Calls 
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              (d) SPX Puts 
 
Figure E.6.  Monthly Standard Deviations of Excess Returns on L, CL and PL during LTCM Event.  Plots of monthly averages 
of standard deviations of excess returns on the L, CL, and PL portfolios are displayed here for the seven-month window of the LTCM 
event.  Monthly averages are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 
results for the PL portfolio are plotted separately from those for the L and CL portfolios as the former are substantially larger. 
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Table E.4   

Monthly Standard deviations on Excess Returns and F-tests – LTCM NDX markets 
This table displays the monthly standard deviations and F-tests for the estimated excess returns on the L, CL, and PL portfolios for the 
NDX calls and puts markets during the seven-month window of the LTCM event.  The test results for NDX calls and NDX puts are 
displayed in Panel A and B, respectively.  For each market, F-test results are displayed below the standard deviations.  F-tests are 
performed for changes in standard deviations from one month to the next (Month-to-month), between the individual month and the 
first month in the event window (May-to-Month), and between the individual month and the event month (August-to-Month).  * 
indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 

A. NDX Calls  B. NDX Puts 
Standard dev. E(RL)-r E(RCL)-r E(RPL)-r  Standard dev. E(RL)-r E(RCL)-r E(RPL)-r 

May 0.0517 0.0455 497.8139  May 0.0585 0.0472 9.4731 
June 0.0388 0.0302 298.9202  June 0.0294 0.0278 17.2116 
July 0.0751 0.0621 335.2243  July 0.0486 0.0441 24.3203 

August 0.0479 0.0447 220.7841  August 0.0401 0.0352 12.7826 
September 0.0375 0.0320 81.9010  September 0.0292 0.0247 6.9472 

October 0.0375 0.0190 457.4293  October 0.0404 0.0358 4.2818 
November 0.0433 0.0394 186.5731  November 0.0528 0.0480 13.1384 

         
Month-to-Month    Month-to-Month   

F-test     F-test    
May-June 0.1973 0.0665 0.0234*  May-June 0.0025** 0.0189* 0.0109* 
June-July 0.0040** 0.0017** 0.6030  June-July 0.0266* 0.0415* 0.1243 
July-Aug 0.0408* 0.1336 0.0570  July-Aug 0.3779 0.2999 0.0038** 
Aug-Sep 0.2879 0.1481 0.0001**  Aug-Sep 0.1677 0.1259 0.0103* 
Sep-Oct 0.9955 0.0300* 0.0000**  Sep-Oct 0.1719 0.1216 0.0426* 
Oct-Nov 0.5276 0.0020** 0.0001**  Oct-Nov 0.2381 0.1953 0.0000** 

         
May-to-Month    May-to-Month   

F-test     F-test    
May-June 0.1973 0.0665 0.0234*  May-June 0.0025** 0.0189* 0.0109* 
May-July 0.1142 0.1873 0.0996  May-July 0.4359 0.7776 0.0002** 
May-Aug 0.7187 0.9273 0.0003**  May-Aug 0.0827 0.1753 0.1862 
May-Sep 0.1794 0.1419 0.0000**  May-Sep 0.0047** 0.0082** 0.1944 
May-Oct 0.1704 0.0004** 0.7160  May-Oct 0.1160 0.2362 0.0011* 
May-Nov 0.4066 0.4982 0.0000**  May-Nov 0.6284 0.9540 0.1495 

         
August-to-Month    August-to-Month   

F-test     F-test    
May-Aug 0.7187 0.9273 0.0003**  May-Aug 0.0827 0.1753 0.1862 
Jun-Aug 0.3228 0.0674 0.1505  Jun-Aug 0.1454 0.2691 0.1580 
July-Aug 0.0408* 0.1336 0.0570  July-Aug 0.3779 0.2999 0.0038** 
Aug-Sep 0.2879 0.1481 0.0001**  Aug-Sep 0.1677 0.1259 0.0103* 
Aug-Oct 0.2768 0.0004** 0.0010**  Aug-Oct 0.9611 0.9294 0.0000** 
Aug-Nov 0.6192 0.5348 0.4154  Aug-Nov 0.1866 0.1369 0.8941 
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Table E.5 

Monthly Standard deviations on Excess Returns and F-tests – LTCM SPX markets 
This table displays the monthly standard deviations and F-tests for the estimated excess returns on the L, CL, and PL portfolios for the 
SPX calls and puts markets during the seven-month window of the LTCM event.  The test results for SPX calls and SPX puts are 
displayed in Panel A and B, respectively.  For each market, F-test results are displayed below the standard deviations.  F-tests are 
performed for changes in standard deviations from one month to the next (Month-to-month), between the individual month and the 
first month in the event window (May-to-Month), and between the individual month and the event month (August-to-Month).  * 
indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 

A. SPX Calls  B. SPX Puts 
Standard dev. E(RL)-r E(RCL)-r E(RPL)-r  Standard dev. E(RL)-r E(RCL)-r E(RPL)-r 
May 0.0619 0.0509 494.6645  May 0.1250 0.0845 14.9303 
June 0.0216 0.0199 93.3784  June 0.0178 0.0160 32.6168 
July 0.0431 0.0394 1040.2445  July 0.1544 0.1298 402.8697 
August 0.0934 0.0659 797.9997  August 0.0774 0.0460 15.7779 
September 0.0402 0.0278 156.1947  September 0.0375 0.0290 10.1849 
October 0.0310 0.0218 324.1607  October 0.0300 0.0241 11.5075 
November 0.0293 0.0265 264.5585  November 0.0291 0.0261 13.0555 
         
Month-to-Month    Month-to-Month   
F-test     F-test    
May-June 0.0000** 0.0000** 0.0000**  May-June 0.0000** 0.0000** 0.0011** 
June-July 0.0022** 0.0026** 0.0000**  June-July 0.0000** 0.0000** 0.0000** 
July-Aug 0.0014** 0.0286* 0.2235  July-Aug 0.0020** 0.0000** 0.0000** 
Aug-Sep 0.0006** 0.0004** 0.0000**  Aug-Sep 0.0026** 0.0480* 0.0610 
Sep-Oct 0.2696 0.3073 0.0031**  Sep-Oct 0.3441 0.4357 0.6083 
Oct-Nov 0.7796 0.3967 0.3442  Oct-Nov 0.8720 0.7353 0.5795 
         
May-to-Month    May-to-Month   
F-test     F-test    
May-June 0.0000** 0.0000** 0.0000**  May-June 0.0000** 0.0000** 0.0011** 
May-July 0.1320 0.2814 0.0023**  May-July 0.3676 0.0711 0.0000** 
May-Aug 0.0713 0.2545 0.0371*  May-Aug 0.0282* 0.0057** 0.8152 
May-Sep 0.0730 0.0130* 0.0000**  May-Sep 0.0000** 0.0000** 0.1109 
May-Oct 0.0041** 0.0005** 0.0731  May-Oct 0.0000** 0.0000** 0.2653 
May-Nov 0.0007** 0.0030** 0.0044**  May-Nov 0.0000** 0.0000** 0.5287 
         
August-to-Month    August-to-Month   
F-test     F-test    
May-Aug 0.0713 0.2545 0.0371*  May-Aug 0.0282* 0.0057** 0.8152 
Jun-Aug 0.0000** 0.0000** 0.0000**  Jun-Aug 0.0000** 0.0000** 0.0008** 
July-Aug 0.0014** 0.0286* 0.2235  July-Aug 0.0020** 0.0000** 0.0000** 
Aug-Sep 0.0006** 0.0004** 0.0000**  Aug-Sep 0.0026** 0.0480* 0.0610 
Aug-Oct 0.0000** 0.0000** 0.0002**  Aug-Oct 0.0001** 0.0056** 0.1641 
Aug-Nov 0.0000** 0.0000** 0.0000**  Aug-Nov 0.0000** 0.0073** 0.3599 
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 A study of Figure E.6d shows that, in the SPX puts market, there are very small post-

LTCM changes in the variability of the excess returns on the three portfolios, and these changes 

are relatively minor when compared to the ones before the event month of August.  The F-test 

results in Table E.5 show significantly decreased variability from August to September in the L 

and CL portfolios, but no significant changes in standard deviations from September to 

November.  There are also no significant post-LTCM changes in standard deviations in the excess 

returns on PL.  When compared to May and August, the standard deviations in excess returns in 

all three post-LTCM months are significantly lower for the L and CL portfolios, but not for the PL 

portfolio.  Overall, this set of results indicate no adverse post-LTCM impacts for all three 

portfolios, and hence, the duration of post-event impacts is 0 month for the SPX puts market. 

Thus, the following conclusions can be made from our results on the variability of excess 

returns on the three portfolios:  

1.  The SPX excess returns are much more variable than the NDX excess returns; 

2.  The excess returns on calls are more variable than those on puts; and, 

3.  Looking at the overall changes in excess returns variability, the durations of post-event 

impacts in each market are:  two months (October) for the NDX calls market, zero month for the 

NDX puts market, zero month for the SPX calls market, and zero month for the SPX puts market. 

 

From autocorrelations: 

As expectations changed from one day to the next in reaction to an event, one would 

expect that daily autocorrelations would become negative.  The autocorrelations are graphed and 

presented in Figure E.719. 

For the L and CL portfolios in the NDX calls market, all the autocorrelations on excess 

returns are positive, in all seven months.  The highest autocorrelations for these two portfolios are 

                                                           
19 In this section, only the graphs showing negative autocorrelations of excess returns are presented.  Since portfolios L 
and CL only display positive autocorrelations, this means that only the graphs for portfolio PL will be presented in this 
section.  All other graphs are available from the author upon request. 
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found in the October contract month.  For the PL portfolio, negative autocorrelations occur in 

May, June, July, August, September, and November.  This suggests that market sentiments 

fluctuate greatly in the NDX calls market from May to September 1998, and then again in 

November.  Thus, post-event impacts in the NDX calls market may have lasted from September 

to November (three months).  Perhaps there is a recovery of confidence in the market during 

October, but the recovery stalls in November.  Note that the evidence of impacts are only found in 

the investment portfolio, i.e., for less risk-averse investors who hold riskier portfolios. 

Positive autocorrelations of excess returns are found for all seven months in the L and CL 

portfolios in the NDX puts market.  The L and CL autocorrelations are lowest in August, but 

increased in September.  For the PL portfolio, only the third, fourth, and fifth-day autocorrelations 

in August are negative; all the other autocorrelations are positive.  Thus, there are weak 

indications of a negative change in market sentiments to the LTCM event during the August 

contract month.  Note that this response only occurs for less risk-averse investors who hold 

investment portfolios.  Overall, there is no evidence of post-event impacts in the NDX puts 

market according to the autocorrelations results. 

All autocorrelations of excess returns are positive in the L and CL portfolios in the SPX 

calls market as well.  In August, autocorrelations are very high in both these portfolios.  For the 

PL portfolio, negative autocorrelations are found for all five days in May, August, September, 

October, and November.  The fifth autocorrelation in July is also negative.  This suggests that 

market sentiments are very variable during May and from August through to November.  The 

autocorrelations results suggest total post-LTCM impact duration of three months (September to 

November) in the SPX calls market.  Note that, again, this reaction only occurs in the investment 

portfolio, i.e., only investors who hold riskier portfolios reacted to the LTCM event. 

All autocorrelations on excess returns in the SPX puts market are positive, for all three 

portfolios, in all seven months.  For L and CL portfolios, the autocorrelations are very high in 

August and very low in September.  For the investment portfolio PL, autocorrelations decrease 
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from Day 1 through to Day 5 in August and September.  Overall, there are very little indications 

of post-LTCM reaction in the SPX puts market based on the five-day autocorrelations. 

In summary, the post-LTCM impact duration are: three months (September to November, 

skipping October) in the NDX calls market, zero month (no post-event impact) in the NDX puts 

market, three months (September to November) in the SPX calls market, and zero-month (no 

post-event impact) in the SPX puts market.  All of the impacts on autocorrelations are found in 

the investment portfolio, i.e., all the post-event impacts are due to the changing expectations of 

less risk-averse investors.  
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(a) NDX Calls     (b) NDX Puts 
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(c)  SPX Calls      (d) SPX Puts 

Figure E.7.  Autocorrelations for Excess Returns on PL during LTCM Event.  Bar charts of one-day to five-day autocorrelations 
of excess returns on the PL portfolios are displayed here for the seven-month window of the LTCM event.  Monthly results are plotted 
for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.   

 

Before we leave this section, we would also like to point out that the autocorrelations are 

much higher in the two puts markets for the PL portfolio.  What this means is that, during this 
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study period and for risky portfolios, investors’ sentiments were changing more dramatically in 

the two calls markets than they did in the two puts markets. 

 
From Correlations: 

Table E.6 

Correlations between excess returns on CL and PL portfolios for the LTCM event. 
This table displays the correlations between the excess returns on the CL and PL portfolios during the seven-month LTCM event 
window.  The correlation results for the NDX calls, NDX puts, SPX calls, and SPX puts are presented in Columns 2-5. 

Corr(C,P) NDX calls NDX puts SPX calls SPX puts 
May-98 0.5745 0.0125 0.1527 -0.4086 
Jun-98 -0.0981 0.7308 0.3848 0.1901 
Jul-98 0.0619 0.4008 -0.1906 0.4078 

Aug-98 0.3262 0.0576 -0.2153 -0.4376 
Sep-98 0.4618 0.1243 -0.2612 -0.3138 
Oct-98 -0.5528 0.3906 -0.3459 0.0741 
Nov-98 0.1296 0.4533 -0.0095 0.3121 

 
 

For the NDX calls market, correlations between excess returns on investment and 

insurance portfolios are negative in the June and October contract months (see Table E.6).  This 

may signify that there are overreactions to the event in June, underreactions from July to 

September, then more reactions in October.  This indicates duration of post-LTCM impacts of 2 

months. 

Correlations between excess returns on the investment and insurance portfolios are 

positive throughout the seven-month study period in the NDX puts market.  Although the 

correlations are somewhat smaller during August and September, they remain positive in these 

months.  Thus, there are minimal reactions to the event in the NDX puts market. i.e., a post-

LTCM event impact duration of 0 month. 

In the SPX calls market, negative correlations are found from the July to the November 

contract months.  Thus, reactions to the event start in July in this market, and continue until the 

last month of our study period.  This gives us duration of post-LTCM impacts of 3 months. 



  124 
 

Negative correlations in the SPX puts market occur during the May, August, and 

September contract months.  These results indicate that post-LTCM reactions ended in September 

1998, thus giving us duration of post-event impacts of 1 month.   

  In sum, based on the results on correlations between the excess returns on the insurance 

and investment sub-portfolios, the post-event impact durations are: two months (October) in the 

NDX calls market, zero month (no post-event impact) in the NDX puts market, three months 

(September to November) in the SPX calls market, and one month (September) in the SPX puts 

market. 

 

(iv) Conclusions on post-event impact duration for LTCM 

 Table E.7 

Summary of post-LTCM impact duration from six study variables 
This table displays a summary of the conclusions from our analysis of LTCM post-event impact durations in the four markets, in terms 
of our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and 
autocorrelations in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The 
conclusions for the NDX calls, NDX puts, SPX calls, and SPX puts markets are placed in column 2, 3, 4, and 5, respectively, and 
these conclusions are expressed in terms of number of months of impact after the event month.  For example, an entry of “0 month” 
indicates no information leakage, “1 month” indicates information leakage one month before the event month, and so on.  The last row 
of the table contains the most probable post-LTCM impact durations for the four markets, based on an aggregation of results from the 
six impact measures. 
 

Study Variable NDX calls NDX puts SPX calls SPX puts 
Skewness of SPDs 2 months 

(October) 
3 months 

(November) 
1-3 months 
(Sept-Nov) 

3 months 
(November) 

Variability of SPDs 0 month 
 

0 month 
 

0 month 
 

0 month 

Percentage of discount states 0 month 
 

0 month 
 

0 month 
 

2 months 
(Sept-Oct) 

Variability of excess returns 2 months 
(October) 

0 month 
 

0 month 
 

0 month 

Autocorrelation of Excess returns 3 months 
(Sept-Nov) 

0 month 
 

3 months 
(Sept-Nov) 

0 month 

Correlation of excess returns 
between CL and PL  

2 months 
(October) 

0 month 3 months 
(Sept-Nov) 

1 month 
(September) 

 
Overall most probable duration 

 
2 months 

(Sept-Oct) 

 
0 month 

 
0-3 months 

 

 
0 month 
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Table E.7 summarizes the conclusions on post-event impact durations based upon the six 

study variables.  The following six conclusions can be derived from the analyses on post-LTCM 

impact duration: 

1.  The most probable estimates of post-LTCM impact durations are: two months for the NDX 

calls market, zero month for the NDX puts market, anywhere between zero to three months for 

the SPX calls market, and zero month for the SPX puts market.  Thus, the longest-lasting event 

impacts are in the SPX calls market, and there is no strong evidence of post-LTCM impacts in the 

two puts markets. 

2.  Post-event impacts lasted longer in the two calls markets than in the two puts markets.  More 

interestingly, five out of the six measures yield 0 month of post-LTCM impact in the NDX puts 

market, thus indicating that investors in this “sell” market either reacted faster than investors in 

the other three markets or their reactions were much smaller in magnitude. 

3.  When we use the five-day autocorrelations of excess returns on the sub-portfolios to gauge the 

reactions in the markets, only the investment portfolio (PL) shows any impact.  This could be due 

to the inherent variability of an investment portfolio, or it could be an indication of the 

changeability of the expectations/sentiments of investors who hold riskier portfolios.   

4.  Relative to the two sub-portfolios, the reference portfolio (L) frequently display the shortest 

duration of post-event impact.  This confirms the proposition in Neave, Ross, and Yang (2005) 

that disaggregating the excess returns on L will result in magnified changes in excess returns on 

the sub-portfolios, and will thus give us a clearer indication of event impacts.  On the other hand, 

our results on the standard deviations and the five-day autocorrelations in excess returns also 

indicate that the behaviours of the L and CL portfolios are quite closely matched.  These results 

lead to the conclusion that the majority of post-LTCM reactions in terms of changes in sentiments 

originated from risk-seeking investors (i.e., those who might invest in the pure investment 

portfolio PL). 
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5.  The variances of the SPDs and percentages of discount states are fairly congruent in terms of 

showing similar length of post-event impact for each market.  The results from the excess returns 

(variances, autocorrelations, and correlations) give us fairly similar impact durations for NDX 

calls, SPX calls, and SPX puts, but not for the NDX puts market. 

6.  The skewness of SPDs measure gives us the most number of months of post-event impacts, 

while the variance of SPDs measure gives us the least.  This could mean that the variance of 

SPDs might be the most conservative gauge of changing market sentiments, while the skewness 

of SPDs might be the least conservative.  We shall see later if this conclusion holds for the other 

two major events. 

  

B. Size of Impact20 

(i) Results on Skewness of SPDs 

 The pie charts in Figures E.8a, b, c and d show the partition of month-to-month absolute 

changes in the average skewness levels for the four markets.  From Figure E.8a, we can observe a 

large increase in average skewness from July to August, and from September to October in the 

NDX calls market.  The figure also show similarly-sized pre- and post-event impacts, and a large 

decrease in skewness levels from October to November which may indicate a market reversal to 

equilibrium.  Figure E.8b shows that in the NDX puts market, the largest skewness increase is 

during July, and then smaller increases occur during October and November.  Moreover, there is 

a large decrease in skewness level during August, which then slowly increases again from August 

to November.  When we compare the markets, the NDX puts market seems to be the slowest in 

responding to the news, at least in terms of increasing skewness. 

 Figure E.8c shows that the largest skewness increase in the SPX calls market occurs 

during June and September, with larger pre-LTCM impacts in June.  However, we can also 
                                                           
20 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the LTCM event.  For a 
summary of conclusions on the impact sizes stemming from this event, please skip to subsection (v): Conclusions on 
Size of Impact on p. 137. 
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observe from Figure E.8c a large decrease in skewness level from June to July, which may 

indicate a correction of the overreaction in June.  Figure E.8d shows that in the SPX puts market, 

the largest skewness increase occurs in June, with a relatively smaller increase occurring in 

September.  Thus, again, the skewness evidence suggests larger pre-event impacts.  There is also 

a large decrease in skewness in August, which may indicate a corrective market reversal to the 

overreaction in June. 

 Figure E.9a shows that skewness levels during the August-September interval decrease 

(insignificantly) in the NDX calls and puts markets, and increase significantly in the SPX calls 

and puts markets.  (Please see Table E.1 for tests of significance.)  However, Figure E.9a also 

shows that there is a large increase in skewness level in the NDX calls market from July to 

August, and a small decrease in the SPX calls market.  Taken together, observations from Figures 

E.8a and E.9a yield the following ranking of immediate event impacts (from largest to smallest):  

NDX Calls, SPX Calls, SPX Puts, and NDX Puts.  A note of interest from Figure E.9a:  the 

changes in skewness levels indicate that the SPX markets not only display the largest impacts 

from LTCM, but they also lead the two NDX markets in terms of the speed with which they 

display these impacts. 

 Figure E.9b displays the cumulative percentages changes in the average skewness levels 

of the SPDs for the four markets.  It is quite clear from the graph that the largest cumulative 

impacts are found in the SPX puts market, while the smallest are found in the SPX calls market.  

Interestingly, the average skewness levels increase from May to November in all four markets.  

The cumulative impacts on the SPX puts market are quite similar to those on the NDX puts 

market, while the cumulative impacts on the two calls markets are similarly-sized as well.  Based 

on the skewness measure, the ranking for cumulative impacts during the LTCM event is (from 

largest to smallest): SPX puts, NDX puts, NDX calls, and SPX calls.  The puts markets exhibit 

larger overall reactions to the event relative to the calls markets. 
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Size of Impact:  Absolute change/Total absolute change
NDX Calls

Oct-Nov
-27%

Sep-Oct
+29%

Aug-Sep
-1%

July-Aug
+31%

Jun-July
+0%

May-June
-12%

Size of Impact:  Absolute change/Total absolute change
NDX Puts

Oct-Nov
+29%

Sep-Oct
+11%

Aug-Sep
-0% July-Aug

-22%

Jun-July
+32%

May-June
+6%

 
  (a)  NDX Calls     (b)  NDX Puts 
 
Size of Impact:  Absolute change/Total absolute change

SPX Calls

Oct-Nov
0%

Sep-Oct
-5%

Aug-Sep
+19%

July-Aug
-4%

Jun-July
-41%

May-June
+31%

 

Size of Impact:  Absolute change/Total absolute change
SPX Puts

May-June
+41%

Jun-July
+2%

July-Aug
-38%

Aug-Sep
+10%

Sep-Oct
+5%

Oct-Nov
-4%

 
  (c)  SPX Calls     (d)  SPX Puts 

Figure E.8. Partitions of month-to-month absolute changes in Average Skewness Levels of SPDs during the LTCM Event.  
These four graphs plot the percentages of absolute change in SPD skewness levels per month to total absolute changes in skewness 
levels over all seven months in the LTCM event window.  The negative or positive sign in front of each percentage number indicates 
whether the change is a decrease or an increase in SPD skewness level.  Results are plotted for the NDX calls, NDX puts, SPX calls, 
and SPX puts in Panel a, b, c, and d, respectively. 
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(a) Month-to-month Percentage Changes     (b) Cumulative Percentage Changes   

Figure E.9.  Month-to-month percentage changes and Cumulative percentage changes in Average Skewness Levels of SPDs 
during the LTCM Event.  Panel a plots the percentage changes in SPD skewness levels from one month to the next in the seven-
month event window for LTCM.  Within each month-to-month window, the first bar represents the result for NDX calls, the second 
bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar represents the result for SPX 
puts.  Panel b plots the sum total of monthly percentage changes in skewness levels over all seven months in the LTCM event window 
for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 
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(ii) Results on Variability of SPDs 

Figures E.10a, b, c and d present the relative absolute changes in variability in the SPDs in each 

of the four markets from one month to the next.  In Figure E.10a, we observe in the NDX calls 

market decreases in variability in the SPDs in June, August, September, and November, and a 

substantial increase in variability during October.  In the NDX puts market (Figure E.10b), 

variability increases in July, October, and November, but decreases in June, August, and 

September.  The largest variability increase in this market is during July, thus indicating an earlier 

reaction time to the event than the NDX calls.  Note particularly that in the two months 

surrounding the event (August and September), the variability in the SPDs actually decreases. 

Figure E.10c shows that, in the SPX calls market, there is a large decrease in variability 

during June, followed by a large increase in July, a substantial decrease in August, and a slight 

increase again in September.  The largest impact in the SPX calls market in terms of market 

variability undoubtedly occurred during July of that year.  As for the SPX puts market, Figure 

E.10d shows a large increase in variability during July, followed by a large decrease in August 

and a small decrease in September.  Post-event, there is a small increase in variability during 

November, which may or may not be caused by the LTCM event, since it starts three months 

post-event. 

Figure E.11a shows that the increase in variability in all four markets occurs primarily 

during July, with relatively small impact on the NDX markets during October.  The only market 

which displays a small positive change in variability one month after the event month of August 

is the SPX calls market.  The other three markets all show a decrease in variability from July to 

August and from August to September.  Thus, according to the variability evidence from Figures 

E.10 and E.11a, immediate impacts from LTCM appear to be minimal in all four markets, with 

the SPX calls market registering slight immediate impacts and the other three markets registering 

no immediate impacts. 
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Figure E.11b presents the cumulative percentage changes in variability of the SPDs 

during the LTCM event.  The cumulative impacts are by far largest in the SPX puts market, 

which is double the size of impacts on the NDX puts market.  Cumulatively from May to 

November, the standard deviations in the two calls markets actually decrease, with a larger 

decrease in the NDX calls market.  Thus, with regard to cumulative impact size (from largest to 

smallest), the ranking of the four markets is as follows:  SPX puts market, NDX puts market, SPX 

calls market, and finally, NDX calls market.  Notice that in terms of both skewness and variability 

in SPDs, both the puts markets display low or no impacts in the months of August and 

September, but in the end, both markets show large cumulative impacts over the whole seven-

month period. 

Size of Impact:  Absolute change/Total absolute change
NDX Calls

May-June
-31%

Jun-July
+11%

July-Aug
-10%

Aug-Sep
-11%

Sep-Oct
+19%

Oct-Nov
-18%

Size of Impact:  Absolute change/Total absolute change
NDX Puts

Oct-Nov
+4%Sep-Oct

+8%

Aug-Sep
-1%

July-Aug
-32%

Jun-July
+40%

May-June
-15%

 
  (a)  NDX Calls     (b)  NDX Puts 

Size of Impact:  Absolute change/Total absolute change
SPX Calls

Oct-Nov
-2%Sep-Oct
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Aug-Sep
+6%

July-Aug
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Jun-July
+30%

May-June
-29%

Size of Impact:  Absolute change/Total absolute change
SPX Puts Oct-Nov

+4%

Sep-Oct
-2%

Aug-Sep
-6%

July-Aug
-38%

Jun-July
+43%

May-June
-7%

 
  (c)  SPX Calls     (d)  SPX Puts 

Figure E.10.   Partitions of month-to-month absolute changes in Average Variability in SPDs during the LTCM Event.  These 
four graphs plot the percentages of absolute change in SPD standard deviation per month to total absolute changes in SPD standard 
deviations over all seven months in the LTCM event window.  The negative or positive sign in front of each percentage number 
indicates whether the change is a decrease or an increase in monthly SPD standard deviation.  Results are plotted for the NDX calls, 
NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively. 
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(a) Month-to-month Percentage Changes     (b) Cumulative Percentage Changes   

Figure E.11.  Month-to-month percentage changes and Cumulative percentage changes in the Average Variability in SPDs 
during the LTCM Event.  Panel a plots the percentage changes in standard deviations of the SPDs from one month to the next in the 
seven-month event window for LTCM.  Within each month-to-month window, the first bar represents the result for NDX calls, the 
second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar represents the result 
for SPX puts.  Panel b plots the sum total of monthly percentage changes in standard deviations of SPDs over all seven months in the 
LTCM event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 

 

(iii) Results on the percentages of Li>1 

 Figure E.12a and b shows moderate increases in the percentage of discount states during 

June and October in the NDX calls market.  In this market, the percentages of discount states 

actually decrease during the two monthly intervals (July-August and August-September) 

surrounding the event.   Likewise in the NDX puts market, the percentage of discount states 

decreases substantially during September, with only relatively small increases during August and 

November.  Thus, in these two markets, there are minimal immediate impacts on investors’ level 

of pessimism from the LTCM event, and in the case of the NDX puts, investors actually became 

less pessimistic from the event month of August onwards to October, indicating that LTCM did 

not exert much impact on the NDX puts market throughout the entire study period.   

From Figure E.12c, we see a large increase in the percentage of discount states in July 

and a small increase in August in the SPX calls market.  This indicates increased pessimism 

during these two months due to the LTCM event.  The SPX puts market also shows a large 

increase in the percentage of discount states during August, indicating increased investor 

pessimism due to the LTCM event. 
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Size of Impact:  Absolute change/Total absolute change
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  (a)  NDX Calls     (b)  NDX Puts 
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  (c)  SPX Calls     (d)  SPX Puts 
 
Figure E.12.  Partitions of month-to-month changes in the Percentages of Discount States during the LTCM Event.  These four 
graphs plot the percentages of absolute change in the percentages of discount states (Li>1) per month to total absolute changes in 
percentages of discount states over all seven months in the LTCM event window.  The negative or positive sign in front of each 
percentage number indicates whether the change is a decrease or an increase.  Results are plotted for the NDX calls, NDX puts, SPX 
calls, and SPX puts in Panel a, b, c, and d, respectively. 
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(a) Month-to-month Percentage Changes     (b) Cumulative Percentage Changes  
   

Figure E.13.  Month-to-month percentage changes and Cumulative percentage changes in the Percentages of Discount States 
during the LTCM Event.  Panel a plots the percentage changes in percentages of discount states (Li>1) from one month to the next in 
the seven-month event window for LTCM.  Within each month-to-month window, the first bar represents the result for NDX calls, the 
second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar represents the result 
for SPX puts.  Panel b plots the sum total of monthly percentage changes in percentages of discount states over all seven months in the 
LTCM event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 
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An examination of Figure E.13a yields the observation that the percentages of discount 

states increase most dramatically in August in the SPX puts market.  The SPX calls market has 

the second largest increase in percentages of discount states, whilst the NDX puts market 

percentages only increase slightly during August.  The percentages in the NDX calls market 

actually decrease in August.  During the September contract month, the mean percentages of 

discount states decrease in all four markets.  Thus, according to Figures E.12 and E.13a, we 

conclude that the size of immediate impacts is largest in the SPX puts market, followed by the 

SPX calls market, the NDX puts market, and finally, showing no apparent immediate impacts in 

the NDX calls market. 

 Figure E.13b presents the cumulative percentage changes in average percentages of 

discount states during the LTCM event in the four markets.  According to this graph, the ranking 

of cumulative impacts (from largest to smallest) is clearly:  SPX calls, SPX puts, NDX calls, and 

NDX puts.  The cumulative impacts are greatest in the SPX calls market and the SPX puts market 

during July and August, respectively.  This suggests definite overreactions in terms of dramatic 

changes in market risk attitudes (increased percentages of discount states) in the two SPX 

markets.  In direct contrast, there does not appear to be any impacts on the two NDX markets.  In 

fact, cumulatively over the seven months, the percentages of discount states in the two NDX 

markets actually decreased!  It would seem that the event either did not affect the NDX markets 

as much as it did the SPX markets, or it affected the NDX markets in the opposite way, i.e., 

instead of increasing the mean percentages of discount states (lowering mean expectations) in the 

NDX markets, the occurrence of the event actually decreased the mean percentages (i.e., 

increased mean expectations).  This unexpected result cannot be explained by the H&S model.    
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(iv)  Results on Excess Returns 

From Variances: 

In Figure E.14, we find the percentage changes in excess returns variability from (a) July 

to August and (b) August to September.  Figure E.14a shows decreased variability, from July to 

August, in the excess returns on all three portfolios in all four markets except for portfolios L and 

CL in the SPX calls market.  More compellingly, Figure E.14b shows that from August to 

September, variability in the excess returns decreases for all three portfolios in all four markets.  

Therefore, this set of results indicate minimal immediate impacts from LTCM on the two NDX 

markets and the SPX puts market, and some immediate impacts on the SPX calls market. 

Figure E.15 displays the cumulative percentage changes in the excess returns variability 

on the three portfolios in the four markets.  We observe that, for all three portfolios, the largest 

increase in variability in the SPX puts market.  In portfolio L, the ranking of size of cumulative 

impacts (from largest to smallest) is: SPX puts, SPX calls, NDX puts, and NDX calls.  In 

portfolio CL, the ranking is: SPX puts, NDX calls, SPX calls, and NDX puts (with the last two 

markets having similarly-sized cumulative impacts).  In portfolio PL, the ranking is SPX puts, 

SPX calls, NDX calls, and NDX puts. 

 

From Autocorrelations: 

Using the August and September levels of autocorrelations in the excess returns on the PL 

portfolio as a gauge (see Figure E.7), the largest immediate impacts from the LTCM event are 

found in the NDX calls market, followed by the SPX calls market then the NDX puts market.  

There is little indication of event impacts in the SPX puts market when we look at the 

autocorrelations levels in this market. 
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(a)  July to August               (b)  August to September 

Figure E.14.  Percentage Changes in Excess Returns Variability from (a) July to August and (b) from August to September.  
Panel a contains the changes in excess returns variability on the L, CL, and PL portfolios from July to August 1998.  Panel b contains 
the changes in excess returns variability on the three portfolios from August to September 1998.  The first section in each panel plots 
the changes in excess returns on the L portfolio (E(RL)-r); the second section plots the changes in excess returns on the CL portfolio 
(E(RCL)-r); and the third section plots the changes in excess returns on the PL portfolio (E(RPL)-r).  Within each section, the first bar 
represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for SPX calls, 
and the fourth bar represents the result for SPX puts. 
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Figure E.15. Cumulative Percentage Changes in Excess Returns Variability.  The sum totals of monthly percentage changes in 
standard deviations of the excess returns on the L, CL, and PL portfolios are plotted in each of the three sections.  Within each section, 
the first bar represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result 
for SPX calls, and the fourth bar represents the result for SPX puts. 

 
 

Looking at the levels of autocorrelations over the seven-month study period, it is quite 

obvious that the largest and longest-lasting impacts occur in the NDX calls market, which has 

negative autocorrelations in all but the October contract month.  The second largest cumulative 

impacts occur in the SPX calls market, with negative autocorrelations from July to November.  
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The NDX puts market has event impacts in the form of negative autocorrelations only during the 

August contract month, whilst all the autocorrelations in the SPX puts market are positive.  Thus, 

the ranking for the size of cumulative impacts from the LTCM event (from largest to smallest) is: 

NDX calls, SPX calls, NDX puts, and SPX puts. 

 

From Correlations: 

 Correlations between the excess returns on the insurance (CL) and investment (PL) sub-

portfolios during the August and September contract months are negative in the SPX markets but 

not in the two NDX markets (see Table E.6).  Further, the excess returns on the two sub-

portfolios are more negatively correlated in the SPX puts market during these two months.  Thus, 

the ranking for the immediate impacts from the LTCM event (from largest to smallest) is: SPX 

puts and then SPX calls, with no impacts on the two NDX markets. 

  With a correlation of –0.5528 (Table E.6) during the contract month of October, the NDX 

calls market has the single lowest correlation between the insurance and investment portfolios.  In 

contrast, the correlations in the NDX puts markets are positive throughout the seven-month 

period, with the lowest correlation of 0.0125 occurring in the contract month of May, and a 

decrease in the magnitude of the correlations during the August contract month.  The sizes of 

impact in the SPX puts and calls markets are not as divergent as in the NDX markets.  The lowest 

correlation in the SPX calls market is –0.3459 (in October) and in the SPX puts market this is –

0.4376 (in August).  Although the above results seem to indicate that the SPX puts market is more 

affected by the event than the SPX calls market, we must also take into consideration the duration 

of the impact.  We find sizeable negative correlations in the SPX calls market from July through 

to November.  In contrast, negative correlations in the SPX puts market only occur during the 

May, August and September contract months.  Thus, in terms of overall impact from LTCM over 

the seven-month horizon, it would seem that the SPX calls market is more affected.  The ranking 
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of cumulative size of event impact is then (from largest to smallest): SPX calls, SPX puts, NDX 

calls, and finally, NDX puts (no impact). 

 

(v)  Conclusions on Size of Impact 

Table E.8   

Summary of Results on Immediate and Cumulative Impacts from six study variables during LTCM 
Event 

This table displays a summary of the conclusions from our analysis of LTCM event impact sizes in the four markets, in terms of our 
six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and autocorrelations in 
the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The second column 
contains the conclusions on immediate impact size and the third column contains the conclusions on cumulative impact size.  Each of 
the four markets is ranked according to the immediate and cumulative impacts on the six measures, with 1 ranking as the largest 
impact size, and 4 as the smallest. 
 

Ranking Immediate Impact Cumulative Impact 
Skewness of SPDs 1. NDX calls 

2. SPX calls 
3. SPX puts  
4. NDX puts (no effects) 

1. SPX puts 
2. NDX puts 
3. NDX calls  
4. SPX calls 

Variability of SPDs 1. SPX calls 
2. NDX calls, NDX puts and SPX 

puts (no effects) 

1. SPX puts 
2. NDX puts 
3. SPX calls 
4. NDX calls 

Percentages of discount states 1. SPX puts 
2. SPX calls 
3. NDX puts 
4. NDX calls (no effects) 

1. SPX calls  
2. SPX puts 
3. NDX calls 
4. NDX puts 

Variability of excess returns L and CL: 
1. SPX calls 
2. SPX puts, NDX calls and NDX 

puts (no increase in variabilities) 
PL: 

No immediate increases in variabilities 
in any of the four markets 

L: 
1. SPX puts 
2. SPX calls 
3. NDX puts 
4. NDX calls 

 
CL: 

1. SPX puts 
2. NDX calls 
3. SPX calls and NDX puts 

(similarly-sized impacts) 
PL: 

1. SPX puts 
2. SPX calls 
3. NDX calls 
4. NDX puts 

Autocorrelations of Excess 
Returns 

1. NDX calls 
2. SPX calls 
3. NDX puts 
4. SPX puts (no effects) 

1. NDX calls 
2. SPX calls 
3. NDX puts 
4. SPX puts (no effects) 

Correlation of excess returns 
between CL and PL  

1. SPX puts 
2. SPX calls 
3. NDX calls and puts (no effects) 

1. SPX calls 
2. SPX puts 
3. NDX calls 
4. NDX puts (no effects) 
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Table E.8 presents a summary of results on immediate and cumulative impacts from our 

six study variables.  The six result sets yield contradictory conclusions on the actual ranking of 

the four markets in terms size of impact from the LTCM event.  On the aggregate, the SPX calls 

market displays the most immediate impacts in terms of ranking high on all six impact measures; 

it ranks first in two of the measures, and second in the other four.  The SPX puts market ranks 

first in two of the measures, third in one measure, and no impact on the other three measures.  

The NDX calls market ranks first in two of the measures and no impact on the other four 

measures, while the NDX puts market ranks third on two measures and no impact on the other 

four.  As such, on the aggregate, it is safe to conclude that the overall ranking for immediate 

impact size from the LTCM, from the largest to the smallest, is: SPX calls, SPX puts, NDX calls, 

and NDX puts. 

The results in Table E.8 on cumulative impacts show that, overall, the SPX puts market 

garners more number one ranking by far than the other three markets.  The SPX calls market 

exhibits the next higher cumulative impacts (ranking first in two of the measures), followed by 

the NDX calls market (ranking first in one measure), and finally the NDX puts market (no top 

ranking, plus one measure with no effect). 

Our results generally indicate that the SPX markets are more affected by the LTCM than 

the NDX markets, both in terms of immediate impacts (in August and September) and cumulative 

impacts (across the seven month study period).  These results confirm our earlier reasoning that 

the SPX markets would be more affected by the LTCM event due to the fact that almost all the 

major financial institutions that were listed on the SPX were very much involved in transactions 

with LTCM.  As well, three of our six variables (variability of SPDs, variability of excess returns 

on the three portfolios, and correlations of excess returns) suggest the real possibility of this event 

having no immediate impact on the NDX markets.  One possible explanation for this non-reaction 

is that investors in the NDX markets might have received information regarding the event later or 
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slower than investors in the SPX markets, thus resulting in an underreaction during the period 

immediately following the event.  Another possible explanation is that the NDX investors might 

not have viewed the LTCM event as relevant to expected payoffs in the NDX markets.  

Combining with our conclusions from post-event impact duration that there were no post-event 

impacts in the NDX puts market, the evidence suggests that the second explanation is likely the 

correct one. 

 

C.  Information Leakage21 

(i) Results on Skewness of SPDs 

   From the duration analysis using the skewness measure (see Figures E.1, E.2, E.8 and E.9 

and Table E.1), pre-LTCM reactions in terms of changes in SPD skewness(significant decreases 

and increases) are tabulated as follows: 

 
 NDX Calls NDX Puts SPX Calls SPX Puts 
May Low Low Normal Low 
June - - Large increase Large increase 
July - Large increase Large decrease Increase 
August Large increase Large decrease Large decrease Large decrease 
 
The above table shows that the SPX calls and puts respond earlier to the event than the two NDX 

markets.  As well, the results indicate earlier response from the puts market than from the calls 

market.  Our results show that there are information leakages in all but the NDX calls market, 

with 2 months of information leakage in the SPX calls and puts markets, and 1 month in the NDX 

puts market. 

 

 
                                                           
21 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the LTCM event.  For a 
summary of conclusions on the information leakage prior to this event, please skip to subsection (v): Conclusions on 
Information Leakage on p. 143. 
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(ii) Results on Variability of SPDs 

 The results on the variances of the SPDs (see Figures E.3, E.10, and E.11, and Table E.2) 

suggest that reactions in all four markets start during the July contract month, wherein we find 

significantly larger increases in SPD variability than in any of the other six contract months.  The 

results (significant decreases and increases) are tabulated as follows: 

 
 NDX Calls NDX Puts SPX Calls SPX Puts 
May High High High Normal 
June Large decrease Moderate 

decrease 
Large decrease Small decrease 

July Increase Large increase Large increase Large increase 
August - Large decrease Large decrease Large decrease 
 
The SPD variability results also indicate significant negative changes in the average monthly 

variances during June and August in all four markets.  The lower variability in June could be an 

illustration of the Hong and Stein proposition:  underreactions to the event in June, prior to the 

overreactions in July which was followed by market reversals in August.  Interestingly, these 

results indicate that, at least in terms of SPD variability, none of the four markets reacts first to 

the event.  That is, the reactions in all four markets are contemporaneously occurring in July 

1998, thus giving us information leakage of 1 month. 

 

(iii) Results on the percentages of Li>1 

 Our results from Figures E.4, E.5, E.12, and E.13, and from Table E.3 yield the following 

observations regarding significant changes in the percentages of discount states: 

 
 
 NDX Calls NDX Puts SPX Calls SPX Puts 
May Normal Normal  Normal Normal 
June - - Large decrease Small decrease 
July - - Large increase - 
August - - Small increase Large increase 
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There does not appear to be any information leakage in the two NDX markets and the SPX puts 

market in terms of higher percentages of discount states.  As for the SPX calls market, 

information appears to have leaked out as early as July, one month prior to the event month. 

 

 (iv) Results on Excess Returns 

From Variance: 
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(a)  Percentage Changes in Excess Returns Variability from May to June    (b)  Percentage Changes in Excess Returns Variability from June to July 
 
Figure E.16. Percentage Changes in Excess Returns Variability on Portfolios L, CL, and PL from May to August.  Panel a 
contains the changes in excess returns variability on the L, CL, and PL portfolios from May to June 1998.  Panel b contains the 
changes in excess returns variability on the three portfolios from June to July 1998.  The first section in each panel plots the changes in 
excess returns on the L portfolio (E(RL)-r); the second section plots the changes in excess returns on the CL portfolio (E(RCL)-r); and 
the third section plots the changes in excess returns on the PL portfolio (E(RPL)-r).  Within each section, the first bar represents the 
result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth 
bar represents the result for SPX puts. 

 
 For clarity, the percentage changes in excess returns variability from May to July are 

plotted in Figure E.16.  For the F-tests on significant variance changes, please refer to Tables E.4 

and E.5.  It is clear from Figure E.16a that the excess returns variability on Portfolio PL in the two 

puts markets start to increase in June.  A check on Tables E.4 and E.5 tells us that these increases 

are significant at the 5% level in the NDX puts market, and at the 1% level in the SPX puts 

market.  Thus, it is likely that information leakage in the puts markets occurs as early as June of 

that year.  Figure E.16b clearly shows increases in excess returns variability on all three portfolios 

in all four markets during July 1998, and Tables E.4 and E.5 indicate that these increases are all 

significant at either the 1% or 5% significance level.  Thus, information leakage in terms of 
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excess returns variability is clearly established in all four markets during July of that year.  These 

evidence lead us to the conclusion that information leakage occurs earlier in the puts markets (in 

June), and one month later in the calls markets (in July). 

 
From Autocorrelations: 

 The autocorrelations results on the excess returns of the L, CL, and PL portfolio in the 

NDX calls market show that there are market responses during May, June, July, and August for 

the PL portfolio only (see Figure E.7a).  What this means is that there could be three months of 

information leakage in this market prior to the event.  In contrast, autocorrelations on excess 

returns in the NDX puts market are only negative during the August contract month in the PL 

portfolio.  Thus, this measure does not detect the presence of changes in market sentiments in the 

NDX puts market prior to the event date. 

 Figure E.7c indicates a negative 5-day autocorrelation on excess returns in the SPX calls 

market in the PL portfolio during July.  Thus, this measure indicates a slight likelihood that there 

is one month of information leakage in the SPX calls market prior to the LTCM event date.  

Conversely, in the SPX puts market, all the autocorrelations are positive, thus indicating the lack 

of any information leakage from this measure. 

  

From Correlations: 

According to the correlation results in Table E.6, the markets with the earliest 

information leakage are the NDX calls and SPX puts markets, wherein market reactions occur as 

early as June and May, respectively.  The NDX puts market displays no market reaction in terms 

of negative correlation between the excess returns in any of the seven contract months, although 

there is a decrease in the correlations during the August contract month.  As for the SPX calls 

market, information leakage starts in the July contract month.  Thus, our correlations results 
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indicate that the ranking for information leakage, from earliest to latest, is: SPX puts (three 

months), NDX calls (two months), SPX calls (one month), and NDX puts (zero month).   

 

(v) Conclusions on Information Leakage 

Table E.9 

Summary of Results on Information Leakage from six study variables during LTCM Event 
This table displays a summary of the conclusions from our analysis of LTCM event information leakage in the four markets, in terms 
of our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and 
autocorrelations in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The 
conclusions for NDX calls, NDX puts, SPX calls, and SPX puts markets are shown in Columns 2-5, and these conclusions are 
expressed in terms of number of months of information leakage prior to the event month.  For example, an entry of “0 month” 
indicates no information leakage, “1 month” indicates information leakage one month before the event month, and so on.  The last row 
of the table contains the most probable lengths of information leakage for the four markets, based on an aggregation of results from the 
six impact measures. 
 
# months prior to event 

date 
NDX calls NDX puts SPX calls SPX puts 

Skewness of SPDs 0 month 
(August) 

1 month 
(July) 

2 months 
(June) 

2 months 
(June) 

Variability of SPDs 1 month 
(July) 

1 month 
(July) 

1 month 
(July) 

1 month 
(July) 

Percentages of discount 
states 

0 month 
 

0 month 
 

1 month 
(July) 

0 month 
(August) 

Variability of excess 
returns 

1 month 
(July) 

     2 months 
     (June) 

1 month 
(July) 

2 months 
    (June) 

Autocorrelations of 
Excess Returns 

3 months 
(May) 

0 month 
(August) 

1 month 
(July) 

0 month 
 

Correlation of excess returns 
between CL and PL  

2 months 
(June) 

0 month 
 

1 month 
(July) 

3 months 
(May) 

 
Most Probable 

 
0-1 month 

 
0-1 month 

 
1 month 

 
0-2 months 

 
 

 Table E.9 presents a summary of the results on information leakage from our six 

variables.  Most of our result sets agree that real changes in the markets occur during the July 

contract month.  Some of the variables indicate that there are some increases in volatility in the 

markets before the July contract month.  Let us now look at some possible conclusions on the 

information leakage from the different markets. 

 In the NDX calls market, a conservative estimate for the first month in which information 

leakage occurs would be the month of July, with the most probable estimate of information 

leakage of between zero to one month.  In the NDX puts market, the most liberal estimate of 
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information leakage is one month before the event date (July), while a more conservative estimate 

points to zero information leakage in this market.  One must bear in mind that three of the six 

variables indicate no information leakage prior to August 1998, which in turn suggests that there 

is a strong possibility of investors in the NDX puts market either not getting the information prior 

to the event, or else they were unable to integrate the information into prices. 

 As for the SPX calls market, the evidence is fairly clear and consistent in this case, as five 

out of the six variables point to one month of information leakage in this market.  On the other 

hand, information leakage in the SPX puts market could have occurred as early as the May 

contract month, or as late as the August contract month.  The evidence from the six measures are 

quite dispersed, with two measures pointing to two months of information leakage, and two 

points pointing to zero month of information leakage. Although the exact first month of 

information leakage is uncertain, it is quite clear that some kind of information leakage had 

occurred during this period which caused four of the six variables to change significantly during 

May, June, or July. 

 Our willingness to accept the conclusions on earlier information leakage will depend 

crucially on whether we consider the possibility for event impact contamination from the Russian 

currency crisis.  However, the above results strongly indicate that real changes in the markets 

occurred sometime during the July contract month, one month prior to the reported event date.  

And lastly, these results support the general conclusion that information leakage occurred earlier 

in the SPX markets than in the NDX markets. 

 

Summary of Results on LTCM 

 In Chapter 3, we defined propositions of event implications based on the behavioural 

finance model in Hong and Stein (1999).  Here, we will restate these hypotheses and compare 

them to our results above.   
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P1:  Pre-event state price distributions in both NDX and SPX markets would show small to 

minimal variations prior to the event month of August 1998, signifying low to minimal pre-event 

information leakage.     

 The results from Table E.9 confirm our hypothesis for the two NDX markets, wherein the 

effects of the LTCM are most probably not felt until one month prior to the event or even 

possibly until the August event month.  However, the results for the two SPX markets do not 

concur with our hypothesis, as information leakage occurs in as early as July in the SPX calls 

market, and may have occurred in as early as June in the SPX puts market. 

 

P2:  The duration of the post-event impact of LTCM on both the NDX and the SPX markets would 

have been short and all information on LTCM’s bad news would have been assimilated into 

market prices by the end of September 1998.   

 The results in Table E.7 confirm our hypothesis for the two puts markets but not for the 

two calls markets.  The NDX calls market has a post-LTCM impact duration of 2 months (ending 

in October), and the SPX calls markets may have a post-LTCM impact duration that is as long as 

3 months (i.e., into November 1998).  However, out of the four markets, only the NDX calls 

market display consistent signs of post-event impact duration of two months.  It is difficult to 

conjecture why it is that the NDX calls market should be more clearly affected than the SPX calls 

market by the LTCM post-event.  Applying the H&S model, perhaps there are more risk-tolerant 

Momentum Traders on LTCM in the NDX market. 

 

P3:  The LTCM event would have a fairly small impact on the NDX and possibly a slightly larger 

impact on the SPX, and most of the event’s impacts would have been concentrated in the month of 

September 1998.   

The results in Table E.8 confirm that the SPX markets are more affected by the LTCM 

event than the NDX markets.  However, our results on impact size disconfirm the second part of 



  146 
 

LTCM P3.  Consolidating the impact size results with our discussions on post-LTCM impact 

duration and information leakage, the majority of the impacts from LTCM appear to have 

occurred in October for the NDX calls market, in July for the NDX puts market, in July or August  

for the SPX calls market, and finally, in July or August for the SPX puts market.  None of the 

markets exhibit large impacts in September; however, three out of the four markets display major 

pre-event impacts in July.  
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Appendix F.  Detailed Analysis Results on Tech-Bubble Burst 2000 
 

A.  Post-Event Impact Duration22 

(i) Results on Skewness of SPDs 

 Figures F.1 and F.2 present the comparisons of skewness levels between December 1999 

and June 2000, with the former showing seven-month confidence bounds and the latter showing 

month-to-month confidence bounds.  We can observe from Figures F.1a and F.2a that, in the 

NDX calls market, skewness levels are generally lower in February, and becoming higher in 

March, finally attaining the highest levels in April, before coming down again in May and June.  

The month-to-month comparisons of confidence bounds also indicate more variability in 

December 1999.  Our t-tests (see Table F.1) confirm these observations, with skewness levels 

starting out high in December, and then decreasing through January and February.  The month-to-

month t-tests indicate significantly lower skewness levels in February, significantly higher 

skewness levels in March and April, and then significantly lower skewness levels in May.  When 

compared with March skewness levels, we find that these are significantly lower than April’s but 

significantly higher than May and June.  Our F-tests show that the variability in the skewness 

levels begins to decrease in June.  Taken together, our skewness results indicate post-event 

reactions in the NDX calls market in March, which then reaches its peaks in April, before 

reversing in May and June.  In this case, the conclusion for the duration of post-Bubble impacts in 

the NDX calls market is one month (i.e., until April 2000). 

From Figures F.1b and F.2b, we observe high skewness levels in the NDX puts market 

from December through to March, lower levels in April, and the lowest levels in May and June.  

Our month-to-month confidence bounds also show that in March, not only are the skewness 

levels at their highest, but these levels are also the most variable from one day to the next.  

                                                           
22 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the Tech-Bubble Burst 
event.  For a summary of conclusions on post-event impact duration for this event, please skip to subsection (v): 
Conclusions on Duration on Tech-Bubble Burst on p. 167167. 
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Further, Figure F.2b shows that the lowest skewness levels occur during May.  Our t-test results 

confirm our observations:  the February skewness levels are significantly lower than those in 

January, March levels are significantly higher than those in February and April, and April levels 

are significantly higher than those in May, with June levels significantly higher than those in May 

as well.  When compared to March skewness levels, those in February, April, May, and June are 

all significantly lower.  Taken together, lowering skewness levels in April, May and June 

indicates that impacts from the 2000 Bubble are subsiding in these months.  However, it must 

also be noted that there are some indications of a resurgence of impacts during June 2000 as 

skewness levels are again raised significantly.  In this case, the conclusion for the duration of 

post-Bubble impacts in the NDX puts market is 3 months (i.e., impacts continued until June 

2000). 

Figures F.1c and F.2c present the comparisons of skewness levels for the SPX calls 

market.  These two graphs show that skewness levels start out high in December 1999, then 

slowly decrease from January to February, increasing dramatically in March, decreasing again in 

April, before slowly rising again from May through to June.  Month-to-month comparisons of 

confidence bounds also show higher variability in the skewness levels in March and this 

continues until June.  Our t-tests confirm these observations: significantly lower skewness in 

January and February, a significant increase in skewness levels from March to April, and a 

significant increase from May to June.  December has the highest monthly average skewness 

levels; when compared to December, skewness levels are significantly lower in January, 

February, March, April, and May.  The March skewness levels are also significantly lower than 

those in June.  Taken together, these skewness results indicate slow post-event reactions to the 

Bubble Burst.  There appears to be a period of underreaction (in April and May) prior to an 

overreaction in June.  Thus, the duration of post-Bubble impacts for the SPX calls market is three 

months.   
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Table F.1 

P-values of test results for Skewness levels of the SPDs for Tech-Bubble Burst 
This table displays the test results for skewness levels of the state price distributions estimated for the Tech-Bubble Burst seven-month 
event window.  Significance tests are performed for changes in skewness levels from one month to the next (Month-to-month), 
between the individual month and the first month in the event window (December-to-Month), and between the individual month and 
the event month (March-to-Month).  The test statistics provided are for t-tests on changes in means, and F-tests on changes in standard 
deviations.  The test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * 
indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 
(a) NDX Calls 

  Month-to-month  December-to-Month  March-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
December 3.0694 3.2139       0.1159 0.0769 
January 3.1262 3.0000 0.8367 0.5786  0.8367 0.5786  0.1157 0.1909 
February 2.3095 2.1781 0.0009** 0.3668  0.0063** 0.1639  0.0000** 0.6753 
March 3.4810 3.6586 0.0000** 0.6753  0.1159 0.0769  1.0000 1.0000 
April 4.4374 4.6771 0.0002** 0.0702  0.0000** 0.9703  0.0002** 0.0702 
May 2.4287 2.5100 0.0000** 0.2906  0.0235* 0.2980  0.0000** 0.4551 
June 2.6893 2.5730 0.2272 0.3344  0.1397 0.0478*  0.0002** 0.8256 
 
 
(b) NDX Puts 
  Month-to-month  December-to-Month  March-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
December 5.1113 5.3680       0.2303 0.2753 
January 5.1480 5.5860 0.8821 0.4098  0.8821 0.4098  0.3026 0.7486 
February 4.5063 4.9016 0.0268* 0.7181  0.0304* 0.2557  0.0036** 0.9729 
March 5.4423 5.6841 0.0036** 0.9729  0.2303 0.2753  1.0000 1.0000 
April 3.7049 3.7946 0.0000** 0.9403  0.0000** 0.2237  0.0000** 0.9403 
May 2.3491 2.1587 0.0000** 0.6685  0.0000** 0.4473  0.0000** 0.7378 
June 3.2478 3.4008 0.0008** 0.1431  0.0000** 0.4743  0.0000** 0.0739 
 
 
(c) SPX Calls 
  Month-to-month  December-to-Month  March-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
December 2.8468 2.9497       0.0028** 0.2667 
January 2.2294 2.1415 0.0025** 0.2437  0.0025** 0.2437  0.8716 0.9918 
February 1.7762 1.7400 0.0264* 0.4213  0.0000** 0.7101  0.0515 0.4475 
March 2.1940 2.0928 0.0515 0.4475  0.0028** 0.2667  1.0000 1.0000 
April 1.7260 1.6985 0.0472* 0.5793  0.0000** 0.0901  0.0472* 0.5793 
May 1.7845 1.7116 0.7759 0.0897  0.0000** 0.9987  0.0509 0.2660 
June 2.7819 2.5285 0.0001** 0.0687  0.7770 0.0690  0.0243* 0.4666 
 
 
(d)  SPX Puts 
  Month-to-month  December-to-Month  March-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
December 2.9430 2.8735       0.0493* 0.1809 
January 2.5145 2.5255 0.0674 0.1642  0.0674 0.1642  0.8084 0.9991 
February 2.3653 2.3659 0.5497 0.6361  0.0135* 0.3618  0.7467 0.6523 
March 2.4499 2.1984 0.7467 0.6523  0.0493* 0.1809  1.0000 1.0000 
April 2.2696 2.1298 0.4606 0.3547  0.0017** 0.6121  0.4606 0.3547 
May 2.4268 2.4705 0.4441 0.6977  0.0155* 0.9100  0.9248 0.2197 
June 2.6630 2.5147 0.2639 0.9254  0.1815 0.8362  0.3920 0.2562 
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0

1

2

3

4

5

6

19-Nov 09-Dec 29-Dec 18-Jan 07-Feb 27-Feb 18-Mar 07-Apr 27-Apr 17-May 06-Jun

Skew ness - SPX Calls Low er 95% Upper 95%

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

19-Nov 09-Dec 29-Dec 18-Jan 07-Feb 27-Feb 18-Mar 07-Apr 27-Apr 17-May 06-Jun

Skew ness - SPX Puts Low er 95% Upper 95%  
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Figure F.1.  Seven-Month Comparison of Skewness Levels of SPDs during Tech-Bubble Burst event with 95% confidence 
bounds.  Daily skewness levels are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  
The 95% confidence bounds are constructed using skewness levels over all seven months.  The vertical divider-lines separate each 
contract month. 
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(c) SPX Calls      (d)  SPX Puts 
Figure F.2.  Month-to-Month Comparisons of Skewness Levels of SPDs during Tech-Bubble Burst event with 95% confidence 
bounds.  Daily skewness levels are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  
The 95% confidence bounds are constructed using skewness levels estimated for the daily SPDs during each contract month.  The 
vertical divider-lines separate each contract month.   
   

From Figures F.1d and F.2d, we observe high skewness levels in the SPX puts market in 

December and March, with low variability during December and high variability during March.  

T-test results (in Table F.1) indicate no significant difference in the month-to-month skewness 

comparisons.  However, when compared to December, the skewness levels in February, March, 

April, and May are all significantly lower.  Taken together, these results indicate no significant 

post-event changes in the SPX puts market (i.e., no significant impacts during April, May and 

June), and therefore, a duration of post-event impacts of zero month. 
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In sum, the above analyses of skewness levels in the state price distributions yield post-

event impact durations of: one month (April) in the NDX calls market, three months (June) in the 

NDX puts and SPX puts markets, and zero month in the SPX puts market.   

 
(ii) Results on Variances of SPDs 

Presented in Figure F.3 are the month-to-month comparisons of standard deviations of the 

SPDs for each of the four markets.  For t-test results, please see Table F.2. 

Figure F.3a shows that in the NDX calls market, the highest variability in the SPDs 

occurs in January, and the lowest variability occurs in May and June.  No abnormal increases in 

variability are found in March, April, May or June.  These observations are confirmed by our t-

test results, which show that the only significant increase in variability occurs in January, and, 

moreover, June variability is significantly lower than that in May.  Therefore, taken together, 

these results indicate no post-event impacts in terms of variability in the SPDs, and therefore, 

duration of post-event impacts of zero month.  In fact, this is the case for all four markets.  Aside 

from the month of December and in the case of the NDX calls, January, none of the markets 

displays significantly higher variability in the SPDs from February to June.  In, all four markets 

have durations of post-event impacts on variability of SPDs of zero months. 

 
 
(iii) Results on the percentages of Li>1: 

 Figures F.4a, b, c and d present the month-to-month comparisons of the percentages of 

discount states for each of the four markets, with monthly 95% confidence bounds from 

December to June during the Tech-Bubble Burst.  Table F.3 presents the monthly means and 

medians of the percentages of discount states, together with the t- and F-test results. 
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Table F.2 

P-values of test results for Standard deviations of the SPDs for Tech-Bubble Burst 
This table displays the test results for standard deviations of the state price distributions estimated for the Tech-Bubble Burst seven-
month event window.  Significance tests are performed for changes in standard deviations from one month to the next (Month-to-
month), between the individual month and the first month in the event window (December-to-Month), and between the individual 
month and the event month (March-to-Month).  The test statistics provided are for t-tests on changes in mean standard deviations.  The 
test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates 
significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 
 
(a) NDX Calls 
   Month-to-month December-to-Month March-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
December 0.0942 0.0931     0.0014** 
January 0.1552 0.1578 0.0014**  0.0014**  0.2915 
February 0.1227 0.1240 0.0810  0.0119*  0.3347 
March 0.1352 0.1289 0.3347  0.0014**  1.0000 
April 0.1226 0.1042 0.3522  0.0171*  0.3522 
May 0.1072 0.1058 0.1628  0.1442  0.0176* 
June 0.0897 0.0889 0.0173*  0.5650  0.0002** 
 
 
 
(b) NDX Puts        
   Month-to-month December-to-Month March-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
December 0.1237 0.1237     0.0006** 
January 0.1034 0.1027 0.0079**  0.0079**  0.5740 
February 0.1016 0.0981 0.8105  0.0063**  0.7967 
March 0.0998 0.1016 0.7967  0.0006**  1.0000 
April 0.1063 0.1029 0.3009  0.0175*  0.3009 
May 0.0878 0.0855 0.0122*  0.0000**  0.0673 
June 0.0928 0.0924 0.4628  0.0001**  0.2513 
 
 
(c) SPX Calls        
   Month-to-month December-to-Month March-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
December 0.1176 0.1163     0.0000** 
January 0.0821 0.0788 0.0000**  0.0000**  0.5217 
February 0.0942 0.0887 0.0577  0.0008**  0.0106* 
March 0.0783 0.0756 0.0106*  0.0000**  1.0000 
April 0.0849 0.0801 0.2985  0.0000**  0.2985 
May 0.0824 0.0746 0.7084  0.0000**  0.5056 
June 0.0736 0.0710 0.1567  0.0000**  0.4096 
 
 
(d) SPX Puts        
   Month-to-month December-to-Month March-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
December 0.1181 0.1142     0.0000** 
January 0.0854 0.0836 0.0000**  0.0000**  0.7903 
February 0.0936 0.0919 0.2097  0.0012**  0.1356 
March 0.0838 0.0831 0.1356  0.0000**  1.0000 
April 0.0858 0.0843 0.7217  0.0000**  0.7217 
May 0.0804 0.0752 0.3437  0.0000**  0.5782 
June 0.0777 0.0737 0.6241  0.0000**  0.2851 
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(a) NDX Calls     (b)  NDX Puts 
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(c)  SPX Calls      (d) SPX Puts 

 
Figure F.3.  Month-to-Month Comparison of Standard Deviations of SPDs during Tech-Bubble Burst event with 95% 
confidence bounds.  Daily standard deviations are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and 
d, respectively.  The 95% confidence bounds are constructed using standard deviation levels estimated for the daily SPDs during each 
contract month.  The vertical divider-lines separate each contract month. 

 
 From Figure F.4a, we observe lower percentages of discount states in January, February, 

and March in the NDX calls market.  The percentages start to rise in April, attain their highest 

levels in May, and start to decline in June.  In terms of variability in the percentages of discount 

states, we find the lowest variability in January, and the variability growing gradually from 

February through to April.  These observations are confirmed by our t-test and F-test results.  Our 

month-to-month t-tests show that the percentages of discount states decrease significantly from 

January to February, increase significantly from April to May, but decrease significantly again 
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from May to June.  Compared to the percentages in December, those in January and March are 

significantly lower, while those in May are significantly higher, although the F-tests indicate that 

the percentages in April are significantly more variable than those in December.  Compared to 

March, the percentages in May and June are both significantly higher.  Therefore, taken together, 

our results on the percentages of discount states indicate that the levels of investor pessimism did 

not respond to the Tech-Bubble Burst in March or April, but rather in May and June.  Our results 

also suggest that these changes in levels of pessimism were preceded by increased uncertainty (in 

terms of increased variability in the percentages) in April 2000.  This sequence of reactions 

conforms quite nicely with the Hong and Stein (1999) proposition that reactions to events are 

separable into a period of underreactions (in March and April) followed by a period of 

overreactions (in May and June).  In terms of the duration of post-event impact duration in the 

NDX calls market, we conclude that this took approximately two to three months (May and June). 

 In the NDX puts market (Figure F.4b), we observe higher percentages of discount states 

from the months of December to March than from the months of April to June.  The month-to-

month comparison graph indicates higher variability in December and March, with the highest 

levels of percentages in December, March and June.  The graph also shows a large increase from 

April to May.  This last observation is confirmed by the t- and F-test results shown in part (b) of 

Table F.3.  The t-test results show only one significant increase in percentages of discount states, 

and this was from April to May.  No other significant increases or decreases in percentages of 

discount states are found in the other month-to-month comparison.  The May percentages are 

significantly higher when compared to those in March.  Taken together, these results suggest a 

significant market reaction in May only, which yields a post-event impact duration of two months 

in the NDX puts market.  We could also identify the period from March to April as a period of 

underreactions, and the month of May as the period of overreactions. 

 In Figure F.4c (for SPX calls), we observe high variability in the percentages of discount 

states in December, February, March and June, and the lowest variability in January, April, and 
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May.  Our t-test results in Table F.3 show that the April percentages are significantly higher than 

the ones in March; by June, there is evidence of a significant decrease in the percentages from the 

ones in May.  When compared to December, the percentages in February, April and May are all 

significantly higher, while the variability in January, February, April and May are all significantly 

lower than that in December.  And when we compare the percentages in March with the other 

months, the ones in April and May are significantly higher, although the variability in May is 

significantly lower.  Taken together, these results suggest the investor sentiments appear to have 

congealed during April and May; that is, the higher percentages of discount states in these two 

months together with their lower variability indicate that investors had reached a close consensus 

on their levels of pessimism.  We could also interpret these results as indicating underreactions in 

March, and overreactions in April, with reversals during May and June.  In terms of post-event 

impact duration in the SPX calls market, we conclude that it took approximately one to two 

months (April and May) for the impacts from the Tech-Bubble Burst to run its course in this 

market. 

 In contrast, in Figure F.4d (for the SPX puts market), we do not observe too much 

monthly difference across the seven-month study period.  There appears to be only a slight 

increase in the percentages of discount states in April, with the highest variability in December 

and June, and the lowest variability in April.  The t-test and F-test results support these 

observations.  We find only one significant t-test result: when compared with December 

percentages, the ones in April are significantly higher, but the variability in April is actually 

significantly lower.  In sum, we find no significant post-event impacts except for the differences 

between December and April percentages.  The conclusion for post-event impact duration in the 

SPX puts market is therefore at most one month and most likely zero month. 

In sum, our analyses of the percentages of discount states yields post-Tech-Bubble-Burst 

impact durations of: two to three months (May and maybe June) in the NDX calls market, two 

months (mostly in May) in the NDX puts market, one to two months (April and maybe May) in  
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Table F.3 

Monthly means and medians of percentages of discount states and t-tests and F-tests of significance 
in Tech-Bubble Burst event 

This table displays the test results for percentages of Li>1of the state price distributions estimated for the Tech-Bubble Burst seven-
month event window.  Significance tests are performed for changes in the percentages from one month to the next (Month-to-month), 
between the individual month and the first month in the event window (December-to-Month), and between the individual month and 
the event month (March-to-Month).  The test statistics provided are for t-tests on changes in means, and F-tests on changes in standard 
deviations.  The test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * 
indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 
(a) NDX Calls 
   Month-to-Month  December-to-Month  March-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
December 0.3233 0.3077       0.0095** 0.4823 
January 0.2032 0.1579 0.0080** 0.7170  0.0080** 0.7170  0.8364 0.7065 
February 0.2673 0.2190 0.1543 0.9745  0.2149 0.7487  0.1353 0.6942 
March 0.1934 0.1429 0.1353 0.6942  0.0095** 0.4823  1.0000 1.0000 
April 0.2751 0.2064 0.1987 0.0509  0.4219 0.0087**  0.1987 0.0509 
May 0.5540 0.4737 0.0002** 0.2496  0.0001** 0.1363  0.0000** 0.4246 
June 0.4244 0.3462 0.0407* 0.9038  0.0622 0.1700  0.0002** 0.4974 
 
(b) NDX Puts 
   Month-to-Month  December-to-Month  March-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
December 0.2601 0.1563       0.7369 0.5106 
January 0.2399 0.1875 0.7609 0.4505  0.7609 0.4505  0.9596 0.9523 
February 0.2527 0.1877 0.8329 0.8461  0.9149 0.5881  0.8036 0.8992 
March 0.2368 0.1750 0.8036 0.8992  0.7369 0.5106  1.0000 1.0000 
April 0.2216 0.1714 0.7865 0.4236  0.5392 0.1330  0.7865 0.4236 
May 0.3660 0.3182 0.0098** 0.6607  0.1208 0.3207  0.0405* 0.7353 
June 0.2766 0.2069 0.1682 0.4991  0.8189 0.7489  0.5504 0.7347 
 
(c)  SPX Calls 
   Month-to-Month  December-to-Month  March-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
December 0.3325 0.2727       0.1999 0.2045 
January 0.4045 0.4167 0.1682 0.0294*  0.1682 0.0294*  0.9934 0.3977 
February 0.4750 0.4444 0.0621 0.8989  0.0105* 0.0497*  0.1085 0.4887 
March 0.4049 0.3462 0.1085 0.4887  0.1999 0.2045  1.0000 1.0000 
April 0.5440 0.5542 0.0010** 0.0544  0.0002** 0.0012**  0.0010** 0.0544 
May 0.4962 0.4762 0.0835 0.6210  0.0024** 0.0007**  0.0226* 0.0260* 
June 0.3914 0.3125 0.0252* 0.0030**  0.3306 0.6393  0.7964 0.4198 
 
 
(d)  SPX Puts 
   Month-to-Month  December-to-Month  March-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
December 0.3282 0.2727       0.3359 0.2758 
January 0.3986 0.3750 0.1501 0.1762  0.1501 0.1762  0.5978 0.8426 
February 0.4125 0.4000 0.7247 0.9321  0.0953 0.2238  0.4046 0.9120 
March 0.3770 0.4167 0.4046 0.9120  0.3359 0.2758  1.0000 1.0000 
April 0.4229 0.3810 0.2273 0.2913  0.0447* 0.0269*  0.2273 0.2913 
May 0.3958 0.3600 0.4510 0.4660  0.1749 0.1648  0.6550 0.7599 
June 0.3553 0.3214 0.3602 0.5033  0.6044 0.4660  0.6327 0.7152 
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Figure F.4.  Monthly Comparisons of Percentages of Li > 1 before, during and after the Tech-Bubble Burst event, with 95% 
Confidence Bounds.  Daily percentages of Li>1 are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, 
and d, respectively.  The 95% confidence bounds are constructed using levels estimated for the daily SPDs during each contract 
month.  The vertical divider-lines separate each contract month. 

 
 
the SPX calls market, and zero to one month (most probably ending in March) in the SPX puts 

market.  It is interesting to note the lack of significant results for both the puts markets.  In terms 

of levels of pessimism, it is reasonable to conclude that the effects on the two calls markets were 

more apparent and longer-lasting than those on the two puts markets, and the effects on the NDX 

markets were longer-lasting than those on the SPX markets.  Moreover, the sequence of highs and 

lows in the percentages of discount states appears to conform to the Hong and Stein’s (1999) 

propositions of underreactions and then overreactions to an event. 
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 (iv) Results on Excess Returns 

From Variance: 

 Figure F.5 presents the comparisons of the monthly standard deviations on the excess 

returns on the L, CL, and PL portfolios.  For F-tests on the significance of variability changes 

between months, please refer to Tables F.4 and F.5.  With these two sets of results, we come to 

the following conclusions: 

(a)  In the NDX calls market, there is a general increase in volatility in the excess returns for all 

three portfolios during the contract month of May.  This conclusion is borne out both by 

observations from Figure F.5a and from the F-test results in Table F.4a.   

(b)  In the NDX puts market, the excess returns on the L and CL portfolios show signs of 

increased volatility in both March and May, but only the March increases are found to be 

significant.  On the other hand, for the PL portfolio, excess returns look to be more volatile in 

March, May and June, though only the March and May increases are found to be significant in 

Table F.4b.   

(c)  In the SPX calls market, Figure F.5c shows some increases in variability in the excess returns 

on the L and CL portfolios during March; however, the F-tests show that these increases are not 

statistically significant.  For the PL portfolio, we see increases in excess returns variability during 

the April contract month, and this is supported by the F-test results. 

(d)  In the SPX puts market, Figure F.5d shows increases in variability in the excess returns on 

the L and CL portfolios in April and June, but this proves to be insignificant via the F-tests.  As 

for the PL portfolio, the graph show some increases in variability in June, but this is not proven to 

be significant with the F-test results.  
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(a)  NDX Calls 
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(b)  NDX Puts 

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

0.0014

0.0016

December January February March April May June

E(RL)-r E(RCL)-r
 

0.0000

100.0000

200.0000

300.0000

400.0000

500.0000

600.0000

December January February March April May June

E(RPL)-r
 

(c)  SPX Calls 
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(d)  SPX Puts 

Figure F.5.  Monthly Standard Deviations of Excess Returns on L, CL, and PL during Tech-Bubble Burst Event.  Plots of 
monthly averages of standard deviations of excess returns on the L, CL, and PL portfolios are displayed here for the seven-month 
window of the Tech-Bubble Burst event.  Monthly averages are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in 
Panel a, b, c, and d, respectively.  The results for the PL portfolio are plotted separately from those for the L and CL portfolios as the 
former are substantially larger. 
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Table F.4  

Monthly Standard deviations on Excess Returns and F-tests – Tech-Bubble Burst NDX markets 
This table displays the monthly standard deviations and F-tests for the estimated excess returns on the L, CL, and PL portfolios for the 
NDX calls and puts markets during the seven-month window of the Tech-Bubble Burst event.  The test results for NDX calls and 
NDX puts are displayed in Panel A and B, respectively.  For each market, F-test results are displayed below the standard deviations.  
F-tests are performed for changes in standard deviations from one month to the next (Month-to-month), between the individual month 
and the first month in the event window (December-to-Month), and between the individual month and the event month (March-to-
Month).  * indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 

A. NDX Calls  B. NDX Puts 
Standard dev. E(RL)-r E(RCL)-r E(RPL)-r  Standard dev. E(RL)-r E(RCL)-r E(RPL)-r 
December 0.0402 0.0345 172.7982  December 0.0569 0.0531 22.8693 
January 0.0293 0.0224 366.6554  January 0.0494 0.0475 20.7932 
February 0.0664 0.0337 333.0757  February 0.0603 0.0570 16.7606 
March 0.0435 0.0325 282.4095  March 0.0615 0.0576 13.9011 
April 0.0415 0.0322 313.0117  April 0.0509 0.0395 3.8665 
May  0.0530 0.0365 844.5391  May  0.0489 0.0413 7.1377 
June 0.0461 0.0343 549.5261  June 0.0212 0.0183 8.6328 

         
Month-to-Month    Month-to-Month   
F-test     F-test    
Dec - Jan 0.1577 0.0569 0.0020**  Dec - Jan 0.5194 0.6109 0.6641 
Jan - Feb 0.0004** 0.0693 0.6772  Jan - Feb 0.3637 0.4080 0.3461 
Feb - Mar 0.0788 0.8871 0.4882  Feb - Mar 0.9331 0.9636 0.4320 
Mar - Apr 0.8223 0.9542 0.6627  Mar - Apr 0.3882 0.0898 0.0000** 
Apr - May 0.2662 0.5653 0.0000**  Apr - May 0.8735 0.8285 0.0064** 
May - Jun 0.5597 0.7880 0.0764  May - Jun 0.0009** 0.0012** 0.4275 

         
December-to-month    December-to-month   

F-test     F-test    
Dec-Jan 0.1577 0.0569 0.0020**  Dec-Jan 0.5194 0.6109 0.6641 
Dec-Feb 0.0384* 0.9159 0.0075**  Dec-Feb 0.8087 0.7677 0.1882 
Dec-Mar 0.7437 0.8071 0.0437*  Dec-Mar 0.7477 0.7365 0.0411* 
Dec-Apr 0.9024 0.7511 0.0127*  Dec-Apr 0.6036 0.1805 0.0000** 
Dec-May 0.2496 0.8091 0.0000**  Dec-May 0.5242 0.2950 0.0000** 
Dec-Jun 0.5663 0.9782 0.0000**  Dec-Jun 0.0001** 0.0000** 0.0001** 

         
March-to-Month    March-to-Month   

F-test     F-test    
Dec-Mar 0.7437 0.8071 0.0437*  Dec-Mar 0.7477 0.7365 0.0411* 
Jan-Mar 0.0795 0.0988 0.2643  Jan-Mar 0.3253 0.3877 0.0874 
Feb-Mar 0.0788 0.8871 0.4882  Feb-Mar 0.9331 0.9636 0.4320 
Mar-Apr 0.8223 0.9542 0.6627  Mar-Apr 0.3882 0.0898 0.0000** 
Mar-May 0.4072 0.6274 0.0000**  Mar-May 0.3391 0.1685 0.0070** 
Mar-Jun 0.8047 0.8283 0.0071**  Mar-Jun 0.0000** 0.0000** 0.0502 
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Table F.5 

Monthly Standard deviations on Excess Returns and F-tests – Tech-Bubble Burst SPX markets 
This table displays the monthly standard deviations and F-tests for the estimated excess returns on the L, CL, and PL portfolios for the 
SPX calls and puts markets during the seven-month window of the Tech-Bubble Burst event.  The test results for SPX calls and SPX 
puts are displayed in Panel A and B, respectively.  For each market, F-test results are displayed below the standard deviations.  F-tests 
are performed for changes in standard deviations from one month to the next (Month-to-month), between the individual month and the 
first month in the event window (December-to-Month), and between the individual month and the event month (March-to-Month).  * 
indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 

A. SPX Calls  B. SPX Puts 
Standard dev. E(RL)-r E(RCL)-r E(RPL)-r  Standard dev. E(RL)-r E(RCL)-r E(RPL)-r 
December 0.0378 0.0337 252.6070  December 0.0336 0.0317 50.1469 
January 0.0291 0.0260 88.3551  January 0.0178 0.0156 27.4206 
February 0.0309 0.0268 401.5585  February 0.0269 0.0227 27.9096 
March 0.0298 0.0285 220.6941  March 0.0264 0.0206 39.1744 
April 0.0232 0.0196 496.3807  April 0.0307 0.0255 30.0207 
May  0.0324 0.0277 188.6814  May  0.0239 0.0197 18.8369 
June 0.0255 0.0242 172.8206  June 0.0278 0.0237 24.9573 
         
Month-to-Month    Month-to-Month   
F-test     F-test    
Dec - Jan 0.2392 0.2459 0.0000**  Dec - Jan 0.0057** 0.0021** 0.0082** 
Jan - Feb 0.7790 0.8846 0.0000**  Jan - Feb 0.0661 0.0949 0.9285 
Feb - Mar 0.8865 0.7820 0.0141*  Feb - Mar 0.9372 0.6869 0.1517 
Mar - Apr 0.2540 0.0926 0.0009**  Mar - Apr 0.5178 0.3591 0.2280 
Apr - May 0.1318 0.1214 0.0001**  Apr - May 0.2822 0.2642 0.0477* 
May - Jun 0.3223 0.5718 0.7135  May - Jun 0.5203 0.4389 0.2421 
         
December-to-month    December-to-month   
F-test     F-test    
Dec-Jan 0.2392 0.2459 0.0000**  Dec-Jan 0.0057** 0.0021** 0.0082** 
Dec-Feb 0.3871 0.3288 0.0547  Dec-Feb 0.3455 0.1557 0.0148* 
Dec-Mar 0.3219 0.4895 0.5726  Dec-Mar 0.3147 0.0750 0.3039 
Dec-Apr 0.0284* 0.0161* 0.0050**  Dec-Apr 0.6739 0.3205 0.0218* 
Dec-May 0.5161 0.4147 0.2253  Dec-May 0.1581 0.0494* 0.0001** 
Dec-Jun 0.1042 0.1700 0.1164  Dec-Jun 0.4364 0.2239 0.0049** 
         
March-to-Month    March-to-Month   
F-test     F-test    
Dec-Mar 0.3219 0.4895 0.5726  Dec-Mar 0.3147 0.0750 0.3039 
Jan-Mar 0.8979 0.6668 0.0001**  Jan-Mar 0.0824 0.2172 0.1130 
Feb-Mar 0.8865 0.7820 0.0141*  Feb-Mar 0.9372 0.6869 0.1517 
Mar-Apr 0.2540 0.0926 0.0009**  Mar-Apr 0.5178 0.3591 0.2280 
Mar-May 0.7306 0.9001 0.5128  Mar-May 0.6787 0.8462 0.0033** 
Mar-Jun 0.5166 0.4900 0.3086  Mar-Jun 0.8184 0.5610 0.0634 
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 In sum, the durations of post-Bubble Burst impacts for the four markets for the L and CL 

portfolios are as follows: two months (May) for the NDX calls market, and zero month for the 

NDX puts, SPX calls, and SPX puts markets.  For the PL portfolio, the durations of post-Bubble 

Burst impacts are: two months (May) for the NDX calls and puts markets, one month (April) for 

the SPX calls market, and zero month for the SPX puts market.  One interesting note on our 

results is that, for the L and CL portfolios, there appears to be more volatility in the NDX markets 

than the SPX markets, while for the PL portfolio, the excess returns in the calls markets are more 

volatile than those in the puts markets. 

 
 
From Autocorrelations23: 

 Figure F.6 presents the five-day autocorrelations on the excess returns for the L and PL 

portfolios.  As the autocorrelations for the L and CL portfolios are almost all the same, only the L 

portfolio graphs are presented here. 

For the NDX calls market, the reference portfolio L showed negative autocorrelations in 

the excess returns during the January contract month only, while the excess returns on the 

insurance portfolio CL were all positively autocorrelated throughout the seven-month event 

horizon.  The excess returns on the investment portfolio PL were negatively autocorrelated during 

the December and May contract months, with a small negative 2-day autocorrelation during the 

January contract month (see Figure F.6a).  Thus, the Tech-Bubble Burst event, according to our 

autocorrelations result, had the most effects on the NDX calls market during the December, 

January and May contract months, and the more risk-averse L and CL investors reacted quicker to 

the event than the less risk-averse PL investors. 

 There were no negative autocorrelations in the excess returns on the L and CL portfolios 

in the NDX puts market.  For the PL portfolio in this market, negative autocorrelations occurred 

                                                           
23 In this section, only some of the graphs showing negative autocorrelations of excess returns are presented.  All other 
graphs are available from the author upon request. 
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only during the February contract month, with positive autocorrelations during all the other six 

months (see Figure F.6b).  Thus, these results indicate that the Tech-Bubble Burst event did not 

have much effect on the NDX puts market, and the only impacts from this event occurred in 

riskier portfolios, during the February contract month.  

 The SPX calls market had all positive autocorrelations in the excess returns on the L and 

CL portfolios, with relatively lower autocorrelations during the months of January, March, and 

April.  The excess returns on the PL portfolio showed negative autocorrelations during the 

December, January, February, and June contract months, with lesser negative autocorrelations 

during the March and May contract months (see Figure F.6c).  Interestingly, strong positive 

autocorrelations were found during April, one month after the event month.  In all, the above 

autocorrelation results indicate that reactions to the Tech-Bubble Burst lasted from December to 

March, calmed down during April, and revived again during the May and June contract months. 

 The SPX puts market experienced negative autocorrelations in excess returns on the L 

and CL portfolios during the April contract month, and on the PL portfolio during the December 

contract month (see Figure F.6d).  Autocorrelation results on the PL portfolio also showed 

extremely high levels of positive autocorrelations on the excess returns from January to June 

2000.  Together, these results indicate that the duration of reactions to the Tech-Bubble Burst 

event was from December to April, and in this market, the less risk-averse PL investors reacted 

quicker to the event than the more risk-averse L and CL investors. 

 In summary, according to the autocorrelations on excess returns on the reference, 

insurance, and investment portfolios, the post-event durations of impacts on each of the four 

market are:  two months (May) for NDX calls, zero month (only impacts during February 

contract month) for NDX puts, three months (May and June) for SPX calls, and one month 

(April) for SPX puts.  When we compare the puts versus the calls markets, the autocorrelation 

results also yield the general conclusion that reactions to the Tech-Bubble Burst event lasted 

longer in the calls market.  When we compare the SPX versus NDX markets, the general (and 
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surprising) conclusion is that the reactions in the SPX markets lasted longer than those in the 

NDX markets. 
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(a) NDX Calls                             L        PL 
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(b) NDX Puts                             L        PL 
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(c) SPX Calls                             L        PL 
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(d) SPX Puts                             L        PL 
 
Figure F.6.  Autocorrelations for Excess Returns on L and PL during Tech-Bubble Burst Event.  Bar charts of one-day to five-
day autocorrelations of excess returns on the PL portfolios are displayed here for the seven-month window of the Tech-Bubble Burst 
event.  Monthly results are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.   
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From Correlations: 

Table F.6 

Correlations between excess returns on CL and PL portfolios for the Tech-Bubble Burst 
This table displays the correlations between the excess returns on the CL and PL portfolios during the seven-month Tech-Bubble Burst 
event window.  The correlation results for the NDX calls, NDX puts, SPX calls, and SPX puts are presented in Columns 2-5. 
 

Corr(C,P) NDX calls NDX puts SPX calls SPX puts
December -0.2249 0.1721 -0.3695 0.4659 
January -0.0442 0.2528 0.1853 -0.1429 
February -0.1098 0.1234 -0.2784 -0.2542 
March -0.7973 0.3790 0.0935 -0.1141 
April -0.2654 -0.1075 -0.0862 -0.4704 
May -0.3902 0.5221 0.0020 -0.4696 
June -0.6695 0.6415 -0.1497 -0.0230 
 

Table F.6 presents the correlations between excess returns on the insurance and the 

investment portfolios.  The results in this table show that negative correlations were most 

apparent and dramatic in NDX calls market, wherein correlations were negative during all seven 

months.  In contrast, in the NDX puts market, the excess returns on CL and PL were negatively 

correlated only during the April contract month.  Negative correlations in the excess returns were 

found during December, February, April, and June in the SPX calls market, and from January 

through June in the SPX puts market. 

It is of interest to note the see-sawing effects in the SPX calls market.  It may be likely 

that this effect is produced by the see-sawing of investor sentiments during this period.  That is, 

investors in SPX calls market seem to be relatively unsure as to what the lasting impacts of the 

Tech-Bubble Burst will be on the SPX calls market. 

The results in the table show that all four markets experience some impacts during the 

April contract month.  They also show that there were no residual impacts on the NDX puts 

market by the May contract month, but one can still observe lingering impacts on the other three 

markets during June.  The post-event impact duration from the Tech-Bubble Burst event for each 

market is: three months (April to June) in the NDX calls market, one month (April) in the NDX 
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puts market, one to three months (April, June) in the SPX calls market, and three months (April to 

June) in the SPX puts market.   

 
(iv)  Conclusions on post-event impact duration for Tech-Bubble Burst 

 Table F.7 presents the summary of results from our impact duration analyses.  Overall, 

the six variables indicate that the Tech-Bubble Burst had longer-lasting impacts on the NDX 

markets.  For all four markets, most of the impacts of the event occurred during either the April or 

the May contract months, with reversals occurring either during May or June.  The most probable 

durations of post-event impact are: two to three months for the NDX calls market, zero to two 

months for the NDX puts market, one to three months for the SPX calls market, and zero to one 

month for the SPX puts market. 

 Once again, the measure that yields the least number of months of post-event impacts is 

the variances of the SPDs measure, which reaffirms our hypothesis that this could be the most 

conservative of our six measures of event impacts.  Our results on excess returns on L, CL and PL 

portfolios also once again confirm that the L and CL portfolios are closely correlated.  In fact, the 

monthly correlation coefficients between the excess returns on these two portfolios are almost all 

(except for three instances in the NDX calls market) greater than 0.9. 

It is also quite obvious from our analyses that the two calls markets were much more 

affected by the Tech-Bubble Burst than the two puts markets, which is also the conclusion we 

reached for the LTCM event.  It is now reasonable to postulate that the responses in the calls and 

puts markets occur at different times.  It could also be reasonable now to say that the 

unresponsiveness of the puts markets to “bad” events is very possibly inherent in the purpose of 

the markets.  That is, people buy puts to sell shares at a fixed price, speculating that the share 

price will be decreasing in the future.  When expectations of future price decreases (due to an 

adverse event such as the Bubble Burst) become more and more certain, it is quite natural for 

there to be no negative reactions in the puts markets, as the expectations for the original 
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investment in the puts are fulfilled.  The reverse may be said of a calls market: investors buy calls 

so that they have the right to buy shares at a fixed price, expecting or hoping that the future share 

prices will rise.  If it is becoming clearer and clearer that there is to be a downturn in the share 

price instead, then there should be a negative reaction to this new expectation.  Given this 

reasoning, our results of lesser reactions in the puts markets and larger reactions in the calls 

markets are quite natural indeed. 

Table F.7 

Summary of post-Tech-Bubble-Burst impact duration from six study variables 
This table displays a summary of the conclusions from our analysis of Tech-Bubble Burst post-event impact durations in the four 
markets, in terms of our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability 
and autocorrelations in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  
The conclusions for the NDX calls, NDX puts, SPX calls, and SPX puts markets are placed in column 2, 3, 4, and 5, respectively, and 
these conclusions are expressed in terms of number of months of impact after the event month.  For example, an entry of “0 month” 
indicates no information leakage, “1 month” indicates information leakage one month before the event month, and so on.  The last row 
of the table contains the most probable post-event impact durations for the four markets, based on an aggregation of results from the 
six impact measures. 
 

Study Variable NDX calls NDX puts SPX calls SPX puts 
Skewness of SPDs 1 month 

(April) 
3 months 

(June) 
3 months 

(June) 
0 month 

 
Variability of SPDs 0 month 0 month 

 
0 month 

 
0 month 

 
Percentage of discount states 2-3 months 

(May, June) 
2 months 

(May) 
1-2 months 

(April, May) 
1 month 
(April) 

Variability of excess returns 2 months 
(May) 

2 months 
(May) 

1 month 
(April) 

0-1 month 
(April) 

Autocorrelation of Excess returns 2 months  
(May) 

0 month 3 months 
(May, June) 

1 month 
(April) 

Correlation of excess returns 
between CL and PL  

3 months 
(April-June) 

1 month 
(April) 

1-3 months 
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 B. Size of Impact24 

(i) Results on Skewness of SPDs 

  

The pie charts showing the partition of month-to-month absolute changes in the average 

skewness levels of the SPDs for each of the four markets are presented in Figure F.7.  The month-

                                                           
24 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the Tech-Bubble Burst 
event.  For a summary of conclusions on the size of impacts for this event, please skip to subsection (v): Conclusions 
on Size of Impact on p. 179. 
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to-month percentage changes and cumulative percentage changes in average skewness levels of 

the SPDs are presented in Figure F.8.   

 From Figure F.7a, we observe a large increase in skewness levels in the NDX calls 

market from February to March, and a moderate increase from March to April.  This indicates 

event impacts from the Tech-Bubble Burst in both March and April.  The t-test results in Table 

F.1 indicate that both these increases in skewness levels are significant at the 1% level.  In 

contrast, Figure F.7b and the t-test results in Appendix G suggest that in the NDX puts market, 

there is only a moderate but significant increase in skewness during March, which is followed by 

a large significant decrease during April.   

Size of Impact:  Absolute change/Total absolute change
NDX Calls

May-June
+5%

Apr-May
-39%

Mar-Apr
+18%

Feb-Mar
+22%

Jan-Feb
-15%

Dec-Jan
+1%

  

Size of Impact:  Absolute change/Total absolute change
NDX Puts

May-June
+16%

Apr-May
-24%

Mar-Apr
-31%

Feb-Mar
+17%

Jan-Feb
-11%

Dec-Jan
+1%

 
                                  (a) NDX Calls                                                                   (b)  NDX Puts 
 

Size of Impact:  Absolute change/Total absolute change
SPX Calls

Dec-Jan
-20%

Jan-Feb
-15%

Feb-Mar
+14%

Mar-Apr
-16%

Apr-May
+2%

May-June
+33%

  

Size of Impact:  Absolute change/Total absolute change
SPX Puts

May-June
+19%

Apr-May
+13%

Mar-Apr
-15% Feb-Mar

+7%

Jan-Feb
-12%

Dec-Jan
-34%

 
                                 (c) SPX Calls                                                                       (d) SPX Puts 

Figure F.7. Partitions of month-to-month absolute changes in Average Skewness Levels of SPDs during the Tech-Bubble Burst 
Event.  These four graphs plot the percentages of absolute change in SPD skewness levels per month to total absolute changes in 
skewness levels over all seven months in the Tech-Bubble Burst event window.  The negative or positive sign in front of each 
percentage number indicates whether the change is a decrease or an increase in SPD skewness level.  Results are plotted for the NDX 
calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively. 
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Figure F.8.  Month-to-month percentage changes and Cumulative percentage changes in Average Skewness Levels of SPDs 
during the Tech-Bubble Burst Event.  Panel a plots the percentage changes in SPD skewness levels from one month to the next in 
the seven-month event window for Tech-Bubble Burst.  Within each month-to-month window, the first bar represents the result for 
NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar 
represents the result for SPX puts.  Panel b plots the sum total of monthly percentage changes in skewness levels over all seven 
months in the Tech-Bubble Burst event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 

 
 
 For the SPX calls market, Figure F.7c shows a moderate increase in skewness in March, 

and a moderate decrease in skewness in April.  Our t-tests (Table F.1) show that only the decrease 

in April is significant.  And finally, Figure F.7d shows that, in the SPX puts market, there is only 

a small increase in skewness during March, which is then followed by a moderately-sized 

decrease in skewness levels during April.  Neither of these changes is significant according to the 

t-test results in Table F.1.  These two graphs, together, indicate small to medium-sized impacts on 

the SPX markets. 

 Figure F.8a reaffirms that the largest percentage increase in skewness levels occurs in the 

NDX calls market, the second largest in the SPX calls market, followed by the NDX puts market, 

and finally, the SPX puts market.  This graph also shows quite clearly that the impacts from this 

event are more intensely felt in the two NDX markets.  Further, comparing the two calls versus 

the two puts markets, one would have to conclude from Figure F.7 and Figure F.8a that greater 

event impacts occur in the former.  Taken together, our observations from Figures F.7 and F.8a 

and our test results from Table F.1 indicate the following ranking of size of immediate impacts 

(from largest to smallest) from the Tech-Bubble Burst: NDX calls, SPX calls, NDX puts, and 

SPX puts. 
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 Figure F.8b shows that the largest cumulative percentage changes in skewness levels 

occurred in the SPX calls and NDX calls markets, which have similarly-sized cumulative 

percentage changes.  According to this figure, the ranking for size of cumulative impacts from the 

Tech-Bubble Burst event is (from largest to smallest):  SPX calls, NDX calls, SPX puts, and 

NDX puts.  Interestingly, the skewness levels in the two puts markets have actually decreased 

over the seven-month study period.  We must also note that, cumulatively speaking, we again find 

greater event impacts in the two calls markets. 

 

(ii) Results on Variances of SPDs 

 Figures F.9 a, b, c and d present the partition of event impacts for the four markets 

according to absolute percentage changes in the SPD variabilities.   

 In the NDX calls market, we find a small increase in SPD variability during March, 

followed by a small decrease in April, thus indicating some immediate reactions during the event 

month of March.  In the NDX puts market, we find a moderate increase in SPD variability during 

April, one month after the event.  The test results indicate no significant changes in variability 

between February and April for the two NDX markets (see Table F.2).  As for the SPX markets, 

we find a small insignificant increase in SPD variability in the calls market and a minimal 

increase in the puts market during April.   

 Figure F.9a shows the percentage changes in SPD variabilities from one month to the 

next.  From this graph, we see a large increase in March in the NDX calls market, and smaller-

sized increases during April in the other three markets, with the changes in the NDX calls being 

the largest, followed by the SPX calls, the NDX puts, and finally the SPX puts.  Taken together, 

the results in Figure F.9 and F.10a tell us that the largest immediate impacts from the Tech-

Bubble Burst occur in the NDX calls market, with the second largest impacts in the SPX calls 

market, the third in the NDX puts market, and minimal immediate impacts in the SPX puts 
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market.  The immediate impacts appear to be greater in the two calls markets, and also slightly 

greater in the two NDX markets. 

 Figure F.10b shows the cumulative percentage changes in SPD variabilities over the 

whole seven-month study period.  We can see from this graph that, instead of increasing 

variabilities in the SPDs over the seven months, the variabilities in the NDX puts, SPX calls, and 

SPX puts markets actually decreased.  The only market with a higher variability at the end of the 

study period is the NDX calls market. 

 
Size of Impact:  Absolute change/Total absolute change
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Size of Impact:  Absolute change/Total absolute change
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                                 (c) SPX Calls                                                                           (d) SPX Puts 

Figure F.9. Partitions of month-to-month absolute changes in Average Variability in SPDs during the Tech-Bubble Burst 
Event.  These four graphs plot the percentages of absolute change in SPD standard deviation per month to total absolute changes in 
SPD standard deviations over all seven months in the Tech-Bubble Burst event window.  The negative or positive sign in front of each 
percentage number indicates whether the change is a decrease or an increase in monthly SPD standard deviation.  Results are plotted 
for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively. 
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Figure F.10.  Month-to-month percentage changes and Cumulative percentage changes in the Average Variability in SPDs 
during the Tech-Bubble Burst Event.  Panel a plots the percentage changes in standard deviations of the SPDs from one month to 
the next in the seven-month event window for Tech-Bubble Burst.  Within each month-to-month window, the first bar represents the 
result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth 
bar represents the result for SPX puts.  Panel b plots the sum total of monthly percentage changes in standard deviations of SPDs over 
all seven months in the event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 

 
 
 
(iii) Results on the percentages of Li>1:  

Figure F.11 presents the partitions of month-to-month absolute percentage changes in the 

percentages of discount states during the Tech-Bubble Burst, and in Figure F.12, we have the 

month-to-month percentage changes and cumulative changes in percentages of discount states. 

The four pie charts in Figure F.11 show decreases in the percentages of discount states in 

March in all four markets.  They also show increases in the percentages in April for all but the 

NDX puts market.  Figure F.12a confirms these observations as well.  The test results from Table 

F.3 indicate that only the increase in the SPX calls market is significant.  In terms of immediate 

impacts vis a vis the increases in percentages of discount states, the ranking for size of immediate 

impacts for the Tech-Bubble Burst event (from largest to smallest) is: SPX calls, NDX calls, SPX 

puts, and NDX puts. 

Cumulatively, this event had the biggest impact on the NDX calls market, as the mean 

percentages of discount states experienced the largest changes during the seven-month study 

period (see Figure F.12b).  The SPX calls market was the second most affected market, with the 

NDX puts market coming third and the SPX puts market being the least affected.   
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Thus, although the immediate impacts on the SPX markets were larger, the NDX markets 

had larger overall impacts from this event.  Further, the impacts (both cumulative and immediate) 

were generally larger on the calls markets as opposed to the puts markets.   

 

Size of Impact:  Absolute change/Total absolute change
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Size of Impact:  Absolute change/Total absolute change
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                              (c) SPX Calls                                                                        (d) SPX Puts 

Figure F.111.  Partitions of month-to-month changes in the Percentages of Discount States during the Tech-Bubble Burst 
Event.  These four graphs plot the percentages of absolute change in the percentages of discount states (Li>1) per month to total 
absolute changes in percentages of discount states over all seven months in the Tech-Bubble Burst event window.  The negative or 
positive sign in front of each percentage number indicates whether the change is a decrease or an increase.  Results are plotted for the 
NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively. 
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Figure F.12.  Month-to-month percentage changes and Cumulative percentage changes in the Percentages of Discount States 
during the Tech-Bubble Burst Event.  Panel a plots the percentage changes in percentages of discount states (Li>1) from one month 
to the next in the seven-month event window for Tech-Bubble Burst.  Within each month-to-month window, the first bar represents 
the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the 
fourth bar represents the result for SPX puts.  Panel b plots the sum total of monthly percentage changes in percentages of discount 
states over all seven months in the event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 

 
 
(iv) Results on Excess Returns 

From Variance: 

 Figures F.13a and b present the percentage changes in excess returns variability on L, CL, 

and PL portfolios from February to March and from March to April for the four markets.  The 

excess return variabilities on the L portfolio on NDX puts increase in March, and those on the 

SPX puts decrease in April.  For the CL portfolio, excess return variabilities on the NDX puts and 

SPX calls increase in March, and those on the SPX puts increase in April.  However, test results 

in Tables F.4 and F.5 indicate that none of these increases in the L and CL portfolios is significant.  

On the other hand, we find a large significant decrease in variabilities on the PL portfolio in SPX 

calls during March, then a large significant increase in variabilities during April.  We also find a 

large but insignificant increase in variability during March in the SPX puts market, and a large 

significant decrease during April in the NDX puts market.  Overall, our results show that the only 

significant increase in variability occurs in the SPX calls market.   

 Overall, in terms of excess return variability, there are no significant immediate reactions 

from the investors in the L and CL portfolios.  There appear to be some levels of underreactions 

during March and overreactions during April in the SPX calls market.  This suggest that either the 
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PL investors grossly misjudged the situation in March and then revised their expectations 

dramatically downward in April, or these investors were late in receiving news of the Bubble 

Burst (i.e., they were the Momentum Traders).  As well, our results indicate larger impacts 

occurring in the SPX markets as opposed to the NDX markets, and the two calls markets relative 

to the two puts markets. 

 Figure F.14 presents the cumulative percentage changes in excess return variabilities on 

the three portfolios in the four markets.  We find increased variabilities in the NDX calls market 

for all three portfolios, with the largest increase in the PL portfolio.  In contrast, variabilities 

increase in the NDX puts market for all three portfolios, with the largest decrease in the CL 

portfolio.  For the SPX calls market, we find lower variabilities in the L and CL portfolios, and 

higher variability in the PL portfolio.  We find the exact opposite for the SPX puts market, with 

higher variabilities in the L and CL portfolios, and lower variability in the PL portfolio.  From 

Figure F.14, the ranking for cumulative impacts (largest to smallest) from the Tech-Bubble Burst 

on the L portfolio is NDX calls, SPX puts, SPX calls, and NDX puts; on the CL portfolio is NDX 

calls, SPX puts, SPX calls, and NDX puts; and on the PL portfolio is SPX calls, NDX calls, NDX 

puts, and SPX puts. 

-50

-40

-30

-20

-10

0

10

20

30

40

50

E(RL)-r E(RCL)-r E(RPL)-r

NDX Calls NDX Puts SPX Calls SPX Puts

 

-100

-50

0

50

100

150

E(RL)-r E(RCL)-r E(RPL)-r

NDX Calls NDX Puts SPX Calls SPX Puts

 
                             (a)  February to March                                                        (b)  March to April 

Figure F.13.  Percentage Changes in Excess Returns Variability from (a) February to March and (b) from March to April.  
Panel a contains the changes in excess returns variability on the L, CL, and PL portfolios from February to March 2000.  Panel b 
contains the changes in excess returns variability on the three portfolios from March to April 2000.  The first section in each panel 
plots the changes in excess returns on the L portfolio (E(RL)-r); the second section plots the changes in excess returns on the CL 
portfolio (E(RCL)-r); and the third section plots the changes in excess returns on the PL portfolio (E(RPL)-r).  Within each section, the 
first bar represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for 
SPX calls, and the fourth bar represents the result for SPX puts. 
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Figure F.14. Cumulative Percentage Changes in Excess Returns Variability.  The sum totals of monthly percentage changes in 
standard deviations of the excess returns on the L, CL, and PL portfolios are plotted in each of the three sections.  Within each section, 
the first bar represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result 
for SPX calls, and the fourth bar represents the result for SPX puts. 

 

 
From Autocorrelations: 

 To determine the immediate impacts of this event on the autocorrelations of excess 

returns on the reference, insurance, and investment portfolios, we shall need to look at whether or 

not the autocorrelations are negative during the March and April contract months.  With the 

reference portfolio L and insurance portfolio CL, there are no negative autocorrelations in these 

two months in the NDX calls, NDX puts, and SPX calls markets.  There are, however, negative 

autocorrelations during April in the SPX puts market (see Figure F.6d).  With the investment 

portfolio PL, Figures F.6a-d show all positive autocorrelations during March and April in the 

NDX calls, NDX puts, and SPX puts markets, and weak negative autocorrelations during March 

in the SPX calls market.  The ranking of size of immediate impacts, in terms of negative 

autocorrelations in the excess returns, is (from largest to smallest): SPX puts and SPX calls, with 

no impacts on the NDX calls and NDX puts markets. 

 In terms of cumulative impacts on autocorrelations of excess returns, Figures F.6 a-d 

indicate that most of the impacts occurred in the investment portfolio PL.  For the L and CL 

portfolios, negative autocorrelations are found in the NDX calls market during January and the 
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SPX puts market during the April contract month.  For the PL portfolio, negative autocorrelations 

are found in the NDX calls market during December and May, in the NDX puts market during 

February, in the SPX calls market during December, January, February, March, May, and June, 

and in the SPX puts market during December.  The largest cumulative impacts in terms of 

negative autocorrelations occurred in the SPX calls market, while the NDX calls market had the 

second largest cumulative impacts.  The cumulative impacts on the PL portfolio in the two puts 

markets were fairly small and relatively insignificant when compared to the cumulative impacts 

in the two call market, with the cumulative impacts on the NDX puts market being slightly larger 

than those on the SPX puts market.  In addition, the excess returns on the PL portfolio in the SPX 

puts market displayed the highest positive autocorrelations amongst all four markets. 

In sum, our results indicate that the ranking for cumulative impact size is SPX calls, NDX 

calls, SPX puts, and NDX puts.  Moreover, the cumulative impacts were greater in the calls 

market than in the puts market, and greater in the SPX markets relative to the NDX markets. 

 

 

From Correlations: 

 Table F.6 shows the correlations between the excess returns on the insurance and the 

investment portfolios.  It is quite obvious that the largest decrease in correlations surrounding the 

event date occurred in the NDX calls market (-0.7973 in March and -0.2654 in April), followed 

by the SPX puts market (-0.1141 in March and -0.4704 in April), the NDX puts market (-0.1075 

in April), and lastly the SPX calls market (-0.0862 in April).   

 According to the correlation results in Table F.6, the event impacts on the NDX calls 

market were spread across all seven months.  In the SPX puts market, event impacts were largest 

(with lowest correlations) in the contract month of April, but negative correlations were found in 

six out of the seven contract months.  There was only one negative correlation in the NDX puts 

market (in April), and four negative correlations in the SPX calls market (December, February, 
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April, and June).  Thus, cumulatively speaking, the ranking for impact size in this event is, from 

largest to smallest: NDX calls, SPX puts, SPX calls, and NDX puts.   

 

(v) Conclusions on Size of Impact 

Table F.8 presents a summary of the results on the immediate and cumulative impacts 

from the six study variables during the Tech-Bubble Burst.  In cases such as the Tech-Bubble 

Burst, where there had already been significant market reactions months (perhaps even years) 

prior to the recorded event date, we must apply special caution to interpretations of the results on 

the size of impact.  As the time frame of this study is relatively short, it is not hoped that we will 

come to realize the full scope of this event’s impacts.  We will leave this task to future research 

using longer-term data.  Instead, the results in this study show empirically that in different 

markets, changes in market expectations may be drastically different.  This is true even for calls 

and puts markets that are based on the same index.   

Three out of the six study variables (skewness of SPDs, variance of SPDs, and 

correlations between excess returns on the insurance and investment portfolios) point to NDX 

calls having the largest immediate impacts from the event, while the percentages of discount 

states and the variances of excess returns on the PL portfolio implicate the SPX calls market as 

having the largest immediate impacts.  Most of the six result sets indicate that the largest 

cumulative impacts from this event occurred in the NDX calls market as well.  The results in this 

study also show that, generally speaking, the smallest cumulative impacts from this event are in 

the NDX puts market.  The rankings for both immediate and cumulative impact size are the same 

(from largest to smallest): NDX calls, SPX calls, SPX puts, and NDX puts.  Moreover, in the this 

event, the calls markets (i.e., the “buy” markets) are more affected than the puts markets. 

It is also interesting to note that the SPX puts market, although seemingly suffering the 

least impacts from the event, displays substantially high one- to five-day autocorrelations of 

excess returns on the investment portfolio from January to June.  This may imply that the SPX 
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puts market is very much affected by the event over the course of any one contract month period, 

but that the effects are reversed during the month.  Thus, by looking at monthly averages, one 

cannot see the actual day-to-day impacts of the event on the SPX puts market. 

Table F.8 

Summary of Results on Immediate and Cumulative Impacts from six study variables during Tech-
Bubble Burst Event 

This table displays a summary of the conclusions from our analysis of the Tech-Bubble Burst event impact sizes in the four markets, 
in terms of our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and 
autocorrelations in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The 
second column contains the conclusions on immediate impact size and the third column contains the conclusions on cumulative 
impact size.  Each of the four markets is ranked according to the immediate and cumulative impacts on the six measures, with 1 
ranking as the largest impact size, and 4 as the smallest. 
 

Ranking Immediate Impact Cumulative Impact 
Skewness of SPDs 1. NDX calls 

2. SPX calls 
3. NDX puts 
4. SPX puts 
 

1. SPX calls 
2. NDX calls 
3. SPX puts and NDX 

puts (lower skewness) 

Variability of SPDs 1. NDX calls 
2. SPX calls 
3. NDX puts 
4. SPX puts (minimal 

impacts) 
 

1. NDX calls 
2. SPX calls, NDX puts, 

and SPX puts (lower 
variabilities) 

Percentages of discount states 1. SPX calls 
2. NDX calls 
3. SPX puts 
4. NDX puts 
 

1. NDX calls 
2. SPX calls 
3. NDX puts 
4. SPX puts 

Variability of excess returns L and CL: 
No immediate impacts 

PL: 
1.  SPX calls 
No immediate impacts on 
NDX calls, NDX puts, and 
SPX puts 

 

L: 
1.  NDX calls 
2.  SPX puts 
3.  SPX calls and NDX puts 
(lower variabilities) 

CL: 
1.NDX calls 
2. SPX puts 
3. SPX calls and NDX puts 
(lower variabilities) 

PL: 
1. SPX calls 
2. NDX calls 
3. NDX puts and SPX puts 
(lower variabilities) 
 

Autocorrelations of Excess Returns 1.  SPX puts 
2.  SPX calls 
3.  NDX calls and NDX 
puts (no effects) 
 

1.  SPX calls 
2.  NDX calls 
3.  SPX puts 
4.  NDX puts 

Correlation of excess returns between 
CL and PL  

1.  NDX calls 
2.  SPX puts 
3.  NDX puts 
4.  SPX calls 
 

1.  NDX calls 
2.  SPX puts 
3.  SPX calls 
4.  NDX puts 
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C. Information Leakage25 

(i) Results on Skewness of SPDs 

From our analyses on duration of post-event impacts based on Figure F.1, F.2, F.7 and 

F.8a, and the statistical results in Table F.1, we can summarize the pre-event behaviour of the 

SPD skewness levels as in the table below: 

 NDX calls NDX puts SPX calls SPX puts 
December High High High High 
January - - Large decrease Large decrease
February Decrease Decrease Decrease - 
March Large Increase Increase Increase - 
 

From these summarized results, we can gather that, in all four markets, average skewness levels 

started out high in December 1999.  These high skewness levels could be due to the imminent 

Bubble Burst in March, or due to the January Effect.  The fact that average skewness levels 

decreased over the next two months (January and February) strongly suggests that the high 

December skewness is due to the January Effect.  After December 1999, we then see varying 

degrees of increases in average skewness levels in the NDX calls, NDX puts, and SPX calls 

markets, but none in the SPX puts market. 

 Thus, in terms of increased skewness, there does not appear to be any reaction in any of 

the four markets prior to the March event month; that is, there is no information leakage prior to 

the Tech-Bubble Burst.  In the case of the SPX puts, these results indicate no market reactions 

during the event month of March as well. 

 

(ii) Results on Variances of SPDs 

 From Figure F.3, we see that, when compared across the seven-month study period, the 

average variabilities in the NDX puts, SPX calls, and SPX puts market started out high during 
                                                           
25 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the Tech-Bubble Burst 
event.  For a summary of conclusions on information leakage prior to this event, please skip to subsection (v): 
Conclusions on Information Leakage on p. 186186. 
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December 1999.  Combining the results from Figure F.3, Table F.2, and Figure F.2, the pre-event 

changes in variability in the four markets are summarized in the table below: 

 
 NDX calls NDX puts SPX calls SPX puts 
December Normal High High High 

January Large increase Large 
decrease Large decrease Large decrease 

February - - - - 
March - - Large decrease - 
  

The average variability in the NDX calls market increases significantly in January, while 

the average variabilities in the other three markets decrease significantly during the same month.  

It appears that the NDX calls market lags behind the other three markets in terms of changes in 

variability.  Although our results show reactions in the four markets in either December or 

January, these reactions may be due to the January or Year-end Effect.  In fact, given that 

variabilities in the SPDs actually decrease after December in three of the four markets, it is highly 

likely that the heightened variabilities are due to the January or Year-end Effect.  Thus, we 

conclude that, according to the SPD variability results, there is no significant information leakage 

in any of the four markets prior to the March event-month. 

 

(iii) Results on the percentages of Li>1 

 From Figures F.4 and F.11, and Table F.3, we observe that the average percentages of 

discount states are quite normal when compared to the other six months (slightly lower in the case 

of SPX calls).  Our analyses can be summarized in the table below: 

 

 NDX calls NDX puts SPX calls SPX puts 
December Normal Normal Low Normal 
January Moderate decrease - - - 
February - - - - 
March - - - - 
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Surprisingly, our percentages of discount states results do not show any pre-event increases.  In 

fact, the average percentages in the NDX calls market actually decrease significantly during 

January.  Thus, according to these results, there are no significant pre-event changes in investor 

sentiments; i.e., there is no information leakage in any of the four markets prior to or during the 

event month of March. 

 

(iv) Results on Excess Returns 

From Variance: 

 Tables F.4 and F.5, together with Figures F.15a and b, indicate the followings: 

(i) There is a significant increase in excess return variability as early as January in the NDX 

calls market.  Compared with December, the variabilities on the PL portfolio in January, 

February and March are all higher, and the February variability on the L portfolio is also 

higher.  Therefore, this confirms that the reaction in the NDX calls market begins in 

January, giving us two months of information leakage. 

(ii) There is no significant change in variability in excess returns in any of the three portfolios 

on the NDX puts, and the December variabilities are fairly high.  Relative to December, 

none of the portfolios show any significantly higher excess return variabilities in January, 

February, or March.  These results lead us to the conclusion that perhaps the higher 

variability in December is due to the Year-End Effect and not to information leakage on 

the Tech-Bubble Burst.  That is, there does not appear to be any information leakage on 

this event in the NDX puts market. 

(iii) In the SPX calls market, there is only one significant increase in excess return variability, 

and this occurs in February on the PL portfolio.  When compared to December variabilities, 

our test results in Table F.5a show no significant increase on the three portfolios in 

January, February, and March.  When viewed together with the significantly increased PL 

variability from January to February, we come to the conclusion that the reaction to the 
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Tech-Bubble Burst event occurs in February, thus giving us one month of information 

leakage in the SPX calls market. 

(iv) In the SPX puts market, the variabilities are highest in December for all three portfolios, 

and there are no significant changes in variabilities from January through to March.  When 

comparing December variabilities in this market to those in January, February, and March, 

we find significantly lower variability in January for the L and CL portfolios, and 

significantly lower January and February variabilities for the PL portfolio.  Combining 

these results with the lack of significant changes in the month-to-month comparison 

results, we are led to the conclusion that the high variabilities in December excess returns 

are more likely due to the Year-End Effect than to the Tech-Bubble Burst.  This then give 

us zero month of information leakage in the SPX puts market. 

  

In sum, the number of months of information leakage according to changing excess return 

variabilities in each of the market is: two months in the NDX calls, zero month in the NDX puts, 

one month in the SPX calls, and finally, zero month in the SPX puts. 
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(a) Percentages Changes in Excess Returns Variability from December (b) Percentages Changes in Excess Returns Variability from January 
     to January           to February 

Figure F.15. Percentage Changes in Excess Returns Variability on Portfolios L, CL, and PL from December to February.  Panel 
a contains the changes in excess returns variability on the L, CL, and PL portfolios from December 1999 to January 2000.  Panel b 
contains the changes in excess returns variability on the three portfolios from January to February 2000.  The first section in each 
panel plots the changes in excess returns on the L portfolio (E(RL)-r); the second section plots the changes in excess returns on the CL 
portfolio (E(RCL)-r); and the third section plots the changes in excess returns on the PL portfolio (E(RPL)-r).  Within each section, the 
first bar represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for 
SPX calls, and the fourth bar represents the result for SPX puts. 
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From Autocorrelations: 

 The only market which shows consistently negative autocorrelations in excess returns in 

all three pre-event months is the SPX calls market.  The NDX calls and SPX puts markets show 

negative autocorrelations in December and January, but none in February and March.  This seems 

to be another instance wherein the Year-End and/or January Effect is likely to have caused 

reactions in the markets.  The NDX puts market shows negative autocorrelations in February, and 

positive autocorrelations in all the other months.  The fact that this reaction has not occurred in 

December or in January is a good indication that it has not been caused by the Year-End or 

January Effect.  We must also note that the reactions only occur in the PL portfolio, which is 

further proof that this portfolio is much more sensitive to changes in market sentiments than the L 

and CL portfolios. 

 In sum, according to the autocorrelations in excess returns results, information leakage 

occurs zero, one, three and zero months before the event month in the NDX calls, NDX puts, SPX 

calls, and SPX puts markets, respectively. 

 

From Correlations: 

 Our correlations results from Table F.6 show negative correlations from December 

through to March in the NDX calls market, and positive correlations from December through to 

March in the NDX puts market.  On the other hand, in the two SPX markets, we have negative 

correlations in December and February in the calls market, and from January through to March in 

the puts market.  Therefore, the periods of information leakage according to our correlation 

results are: three months in the NDX calls market, zero month in the NDX puts market, one to 

three months in the SPX calls market, and finally, two months in the SPX puts market. 
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(iv) Conclusions on Information Leakage 

 Table F.9 presents a summary of the results on information leakage during the Tech-

Bubble Burst event from the six variables.  Several distinct conclusions on information leakage 

can be reached: 

(i) There was little or no information leakage in the two puts markets, with five of the six 

result sets showing no reactions prior to or even during the March contract month. 

(ii) In the two calls markets, we also find fairly uneven evidence of information leakage.  

Four out of the six result sets on the NDX calls yield zero month of pre-event reactions, 

while the other two result set yield two months and three months of pre-event reactions.  

On the whole, it appears probable that there are no information leakages prior to the event 

month of March.  We must, of course, keep in mind that this conclusion is based on the 

fact that changes in the variables during December and/or January do not extend to the 

months closer to the event month.  This phenomenon of discontinuity in market reactions 

is attributed to the January or Year-End Effect, instead of any long-term impacts from the 

Tech-Bubble Burst.  The results on the SPX calls market are also varied, with three zero-

month, one one-month, one three-month, and one one-to-three-month information 

leakage.  The evidence is inconclusive, and the best “guesstimate” of the period of 

information leakage that can be made in this case is one-to-three months. 

(iii) The last three result sets on the excess returns on the L, CL, and PL portfolios (variances, 

one-to-five day autocorrelations and correlations) give us more liberal estimates of 

information leakage from the Tech-Bubble Burst event than the first three result sets 

(skewness of SPDs, variances of SPDs and percentages of discount states).  The 

correlations results yield the longest periods of information leakage for the NDX calls, 

SPX calls, and SPX puts markets, while the autocorrelations results yield the only 

positive period of information leakage for the NDX puts market. 
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(iv) There is no evidence that information leakage in the two NDX markets occurs generally 

earlier or later than the two SPX markets. 

 The six result sets provide us with the following most probable ranges of estimates for 

information leakage of: 

(i) zero month in the NDX calls market; 

(ii) zero month in the NDX puts market; 

(iii) zero to three months in the SPX calls market; and, 

(iv) zero month in the SPX puts market. 

 

Table F.9  

Summary of Results on Information Leakage from six study variables during Tech-Bubble Burst 
Event 

This table displays a summary of the conclusions from our analysis of Tech-Bubble Burst event information leakage in the four 
markets, in terms of our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability 
and autocorrelations in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  
The conclusions for NDX calls, NDX puts, SPX calls, and SPX puts markets are shown in Columns 2-5, and these conclusions are 
expressed in terms of number of months of information leakage prior to the event month.  For example, an entry of “0 month” 
indicates no information leakage, “1 month” indicates information leakage one month before the event month, and so on.  The last row 
of the table contains the most probable lengths of information leakage for the four markets, based on an aggregation of results from the 
six impact measures. 
 
# months prior to event date  
(First month of impacts) 

NDX calls NDX puts SPX calls SPX puts 

Skewness of SPDs 0 month 
(March) 

0 month 
(March) 

0 month 
(March) 

0 months 
(January) 

Variances of SPDs 0 months 
(January) 

0 month 
(April) 

0 month 
(February) 

0 month 
(February) 

Percentages of discount states 0 month 0 month 
(May) 

0 months 
(December) 

0 month 

Variances of excess returns 2 months 
(January) 

0 month 
(May) 

1 months 
(December) 

0 month 

Autocorrelations of Excess Returns 0 months 
(December) 

1 month 
(February) 

3 months 
(December) 

0 months 
(December) 

Correlation of excess returns between CL and PL  3 months 
(December) 

0 month 
(April) 

1-3 months 
(Dec-Feb) 

2 months 
(January) 

 
Most Probable 

 
0 month 

 
0 month 

 
0-3 months 

 
0 months 
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Summary of Results on Tech-Bubble Burst 

 In this section, the conclusions on duration, impact size, and information leakage from 

the Tech-Bubble Burst event obtained from our analyses are compared to the hypotheses outlined 

in Chapter 3: 

 

P4:  Pre-event data should show gradual signs of decline in both markets; this pattern of gradual 

decline should be especially pronounced in the NDX.   

Our results on pre-event information leakage contradict both parts of this proposition.  

Not only are there very little evidence of gradual signs of decline from the month of December to 

March, our results also do not show any significant difference between the SPX and NDX 

markets in terms of pre-event impacts.  The surprising conclusion from the results of these 

analyses is that the puts markets appear to be less or slower informed than the two calls markets. 

 

P5:  The post-event effects of the 2000-Burst on the markets would have lasted for a relatively 

short period of time.  Due to its close ties with the technology sectors, these effects would have 

been more apparent and lasted longer in the NDX market.    

 Both parts of this proposition are verified by the results of our analyses on the duration of 

post-event impacts.  The reactions to the Tech-Bubble Burst in March 2000 lasted only until April 

or May, and there are signs of a reversal starting in June or even May.  Our results also lead us to 

conclude that the effects on the two NDX markets lasted longer than those on the two SPX 

markets.  These results also indicate that the impacts are larger and longer-lasting in the calls 

markets than in the puts markets, which concurs with the conclusion from the analyses on the 

LTCM event. 
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P6: Immediately following the March event month, there would have been very large variations 

in the state price distributions, and furthermore, the variations in the NDX would have been 

larger than those in the SPX market.   

 Our results have provided ambiguous conclusions on there being large variations in the 

months immediately following March 2000.  Our correlations result set yield the only and 

strongest evidence in terms of impact size across the board for all four markets.  The other five 

variables yield fairly light evidence of event impacts for all but the NDX calls market.  In fact, the 

skewness of SPDs, percentages of discount states, and correlations results strongly indicate large 

immediate and cumulative reactions in the NDX calls market.  Our analyses of the six variables 

do not point to the NDX markets suffering larger impacts than the SPX markets.  Indeed, they 

only show that the call markets are more affected, both immediately and cumulatively, by the 

Tech-Bubble Burst than the puts markets.   
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Appendix G.  Detailed Analysis Results on 9/11 2001 
 

A.  Post-Event Impact Duration26 

(i) Results on Skewness of SPDs 

 Figures G.1 and G.2 present the comparisons of skewness levels from June to December 

2001, with the former showing seven-month confidence bounds and the latter showing month-to-

month confidence bounds.  For the NDX calls market, both Figures G.1a and G.2a show high 

skewness levels in June and September when compared to the other five months.  The graphs 

show very high skewness levels during the four trading days after September 11.  The t-test 

results in Table G.1 indicate that skewness levels decrease significantly from June to July, 

decrease insignificantly from July to August, increase significantly from August to September, 

then decrease significantly from September through to November, before increasing significantly 

again from November to December.  When comparing June against all other months, we find 

June skewness levels are significantly higher than those in all other months except September.  

Similarly, when compared against all other months, September skewness levels are significantly 

higher than all other months except June.  The F-test results in Table G.1 indicates that skewness 

levels in September are more significantly more variable when compared to those in August and 

October, but skewness levels in June are not significantly different from those in other months.  

In all, our results yield higher skewness levels in June and September, but only higher variability 

in skewness levels in September.  Thus, we conclude that the duration for post-event impacts 

from the 9/11 event in the NDX calls market is less than one month (i.e., event impacts only 

occurred during the September contract month).   

 

 

                                                           
26 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the 9/11 event.  For a 
summary of conclusions on post-event impact duration for this event, please skip to subsection (v): Conclusions on 
Duration on 9/11 on p. 212. 
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Table G.1 

P-values of test results for Skewness levels of the SPDs for 9/11 Event. 
This table displays the test results for skewness levels of the state price distributions estimated for the 9/11 seven-month event 
window.  Significance tests are performed for changes in skewness levels from one month to the next (Month-to-month), between the 
individual month and the first month in the event window (June-to-Month), and between the individual month and the event month 
(September-to-Month).  The test statistics provided are for t-tests on changes in means, and F-tests on changes in standard deviations.  
The test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates 
significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 

(a) NDX Calls  Month-to-month  June-to-Month  September-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
June 3.2728 3.3897       0.0798 0.4649 
July 2.3416 2.2842 0.0005** 0.3434  0.0005** 0.3434  0.0000** 0.0823 
August 1.9868 1.8392 0.0736 0.4472  0.0000** 0.1077  0.0000** 0.0197* 
September 3.8160 3.9285 0.0000** 0.0197*  0.0798 0.4649  1.0000 1.0000 
October 2.4878 2.2915 0.0000** 0.0328*  0.0027** 0.1550  0.0000** 0.0328* 
November 2.0733 2.1161 0.0494* 0.7117  0.0000** 0.2793  0.0000** 0.0691 
December 2.5679 2.2801 0.0200* 0.8954  0.0062** 0.3120  0.0001** 0.0718 
 
           
(b) NDX Puts  Month-to-month  June-to-Month  September-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
June 3.8379 4.1995       0.0000** 0.2345 
July 2.6228 2.6683 0.0000** 0.9829  0.0000** 0.9829  0.0087** 0.1938 
August 2.1199 2.0802 0.0181* 0.3757  0.0000** 0.4198  0.6861 0.6934 
September 2.0217 2.0958 0.6861 0.6934  0.0000** 0.2345  1.0000 1.0000 
October 2.4097 2.2794 0.0812 0.0916  0.0000** 0.6114  0.0812 0.0916 
November 2.4063 2.4321 0.9878 0.0658  0.0000** 0.1787  0.1424 0.8709 
December 1.7979 1.5185 0.0133* 0.4549  0.0000** 0.4944  0.3338 0.5644 
 
           
(c) SPX Calls  Month-to-month  June-to-Month  September-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
June 2.7114 2.5115       0.5513 0.7450 
July 1.8989 1.7892 0.0017** 0.0237*  0.0017** 0.0237*  0.0003** 0.0088** 
August 2.1173 1.9285 0.2181 0.6259  0.0220* 0.0913  0.0049** 0.0432* 
September 2.8916 2.9286 0.0049** 0.0432*  0.5513 0.7450  1.0000 1.0000 
October 2.2049 2.0837 0.0121* 0.0516  0.0505 0.1051  0.0121* 0.0516 
November 1.9963 1.5642 0.3721 0.2059  0.0138* 0.6996  0.0033** 0.4716 
December 2.3546 2.2911 0.1156 0.1709  0.1490 0.0792  0.0400* 0.0343* 
 
           
(d)  SPX Puts  Month-to-month  June-to-Month  September-to-Month 

 
Average 

skewness Median ttest(2 tails) Ftest  ttest(2 tails) Ftest  ttest(2 tails) Ftest 
June 3.0291 3.1041       0.0522 0.9541 
July 2.1088 1.9835 0.0002** 0.6982  0.0002** 0.6982  0.0583 0.7399 
August 2.0563 1.9131 0.8076 0.9474  0.0002** 0.7585  0.0434* 0.8000 
September 2.5409 2.2452 0.0434* 0.8000  0.0522 0.9541  1.0000 1.0000 
October 2.6269 2.5287 0.7264 0.9461  0.1139 0.9921  0.7264 0.9461 
November 2.8355 2.8331 0.4229 0.6957  0.4561 0.6884  0.2511 0.6417 
December 3.0045 2.6086 0.5061 0.9038  0.9196 0.7639  0.0581 0.7143 
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(c) SPX Calls      (d)  SPX Puts 

Figure G.12.  Seven-Month Comparison of Skewness Levels of SPDs during 9/11 event with 95% confidence bounds.  Daily 
skewness levels are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 95% 
confidence bounds are constructed using skewness levels over all seven months.  The vertical divider-lines separate each contract 
month. 
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Figure G.23.  Month-to-Month Comparisons of Skewness Levels of SPDs during 9/11 event with 95% confidence bounds.  
Daily skewness levels are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 
95% confidence bounds are constructed using skewness levels estimated for the daily SPDs during each contract month.  The vertical 
divider-lines separate each contract month. 
 
 

In the NDX puts market, the seven-month comparison in Figure G.1b shows very high 

skewness levels in June and low skewness levels in December.  This is confirmed by the month-

to-month comparisons in Figure G.2b, which also shows high skewness levels in October, as well 

as larger variations in August and November.  According to the t-test results presented in Table 

G.1, skewness levels decrease significantly from June through to August, decrease insignificantly 

from August to September, increase insignificantly from September to October, decrease 

insignificantly from October to November, and finally, decrease significantly from November to 
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December.  Compared to all other months, skewness levels in June are significantly higher; as 

well, skewness levels in September are significantly lower than those in June and July.  Our F-

tests show insignificant difference in the variability of skewness levels from month to month, 

between June and all other months, and between September and all other months.  Thus, overall, 

our skewness results suggest no significant post-9/11 impacts on the NDX puts market.  In 

addition, lower skewness levels in December 2001 signify increasing investor optimism in this 

market. 

 The seven-month comparison for the SPX calls market is presented graphically in Figure 

G.1c, which shows irregular and extremely high skewness levels in June and September, 

especially during the last 3 to 4 trading days.  Figure G.2c shows that when compared month-to-

month, skewness levels in June and September appear to be more variable than the other five 

months, with the least variable skewness levels occurring in July.  Month-to-month t-test results 

in Table G.1 indicate significant decreases in skewness levels during July and October, significant 

increases during September, insignificant decreases during November, and insignificant increases 

during August and December.  When compared with June, skewness levels in July, August, and 

November are significantly lower.  Skewness levels in September are significantly greater than all 

the other months except June.  The F-test results also show that higher variability in June and 

September.  Taken together, our results on the SPX calls market indicate large event impacts 

during September, but no post-event impacts after the event month of September. 

 Figure G.1d shows that skewness levels in the SPX puts market are fairly similar across 

the seven-month study period, with slightly lower levels in July and slightly higher levels in 

December.  This figure also shows a lack of significant changes during the four trading days after 

September 11.  Figure G.2d shows very slight increases in skewness ranges from September 

through to December.  T-test results (Table G.1) show significant decrease in skewness levels 

during July and significant increase during September, with insignificant changes during August, 

October, November, and December.  When compared to all other months, June skewness levels 
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are significantly higher than those in July and August, and September levels are significantly 

higher than those in August.  The F-tests show no significant variations in skewness levels when 

compared month-to-month, against June levels, and against September levels.  Therefore, overall, 

our results suggest that, in the SPX calls market, even though there were some post-event impacts 

in terms of slightly higher skewness levels, most of the event impacts occurred during the event-

month of September. 

In sum, our analyses of the skewness of state price distributions yield post-event impact 

durations of zero month (September) in all four markets.  In reaching this conclusion, however, 

we must keep in mind the long-term geo-political consequences of this event, which may be why 

our results also indicate slight rises in skewness levels in the NDX calls, SPX calls, and SPX puts 

markets during December 2001. 

 

 (ii) Results on Variances of SPDs 

Figure G.3 presents the month-to-month comparison of the standard deviations of the 

estimated SPDs during the seven-month study period surrounding the 9/11 event, with 95% 

confidence intervals.  The t-test results can be found in Table G.2.  From the Figure G.3a, we can 

clearly see that variability in the SPDs in the NDX calls market yo-yos from June to December, 

and that the September contract month has the highest variability.  By December, average SPD 

variability seems to have return to pre-event levels.  Furthermore, the highest variability in 

September occurs during the four trading days after September 11, 2001.  We also note the high 

SPD variability during the three pre-event trading days; however, these may have been normal 

variations similar to those found in the other trading months.  The t-test results indicate that 

month-to-month changes are all significant; as well, average SPD variability in June is shown to 

be significantly lower than all other months.  These test results also confirm that, on average, 

September variability is significantly higher than four out of the other six months.  Overall, our 

results show that the up-and-down pattern of the SPD variability occurs from June to August, and 
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this pattern continues during the three post-event months.  Together with the significantly higher 

variability in September SPDs, we conclude that post-event reactions to 9/11 in the NDX calls 

market only occur during the September contract month, and none occurs during the three post-

event months.   

Table G.2 

P-values of test results for Standard deviations of the SPDs for 9/11 Event 
This table displays the test results for standard deviations of the state price distributions estimated for the 9/11 seven-month event 
window.  Significance tests are performed for changes in standard deviations from one month to the next (Month-to-month), between 
the individual month and the first month in the event window (June-to-Month), and between the individual month and the event month 
(September-to-Month).  The test statistics provided are for t-tests on changes in mean standard deviations.  The test results for NDX 
calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates significant p-value at the 5% 
significance level, and ** indicates significant p-value at 1% significance level. 
 
(a) NDX Calls   Month-to-month June-to-Month September-to-Month 

 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
June 0.0770 0.0731     0.0000** 
July 0.1321 0.1322 0.0000**  0.0000**  0.8081 
August 0.1108 0.1062 0.0060**  0.0000**  0.0289* 
September 0.1346 0.1227 0.0289*  0.0000**  1.0000 
October 0.1032 0.0955 0.0042**  0.0001**  0.0042** 
November 0.1246 0.1205 0.0068**  0.0000**  0.3536 
December 0.0986 0.0928 0.0010**  0.0004**  0.0012** 
 
        
(b) NDX Puts   Month-to-month June-to-Month September-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
June 0.1679 0.1775     0.0000** 
July 0.1086 0.1083 0.0000**  0.0000**  0.0076** 
August 0.0961 0.0887 0.0719  0.0000**  0.3886 
September 0.0896 0.0885 0.3886  0.0000**  1.0000 
October 0.0853 0.0785 0.5223  0.0000**  0.5223 
November 0.0866 0.0880 0.8354  0.0000**  0.6718 
December 0.1159 0.1068 0.0012**  0.0000**  0.0044** 
 
        
(c) SPX Calls   Month-to-month June-to-Month September-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
June 0.0797 0.0780     0.8361 
July 0.0927 0.0892 0.0465*  0.0465*  0.1235 
August 0.0938 0.0883 0.8472  0.0465*  0.1120 
September 0.0814 0.0718 0.1120  0.8361  1.0000 
October 0.0824 0.0762 0.8917  0.6855  0.8917 
November 0.0873 0.0787 0.4454  0.2859  0.4491 
December 0.0754 0.0712 0.0573  0.4787  0.3985 
        
(d) SPX Puts   Month-to-month June-to-Month September-to-Month 
 Average SD Median ttest(2 tails)  ttest(2 tails)  ttest(2 tails) 
June 0.0799 0.0808     0.2657 
July 0.0903 0.0812 0.1033  0.1033  0.0069** 
August 0.0920 0.0878 0.8136  0.0836  0.0077** 
September 0.0741 0.0665 0.0077**  0.2657  1.0000 
October 0.0812 0.0778 0.1882  0.8282  0.1882 
November 0.0897 0.0851 0.2292  0.1611  0.0194* 
December 0.0746 0.0700 0.0274*  0.3327  0.9183 
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(c) SPX Calls     (d) SPX Puts 

Figure G.3.  Month-to-Month Comparison of Standard Deviations of SPDs during 9/11 event with 95% confidence bounds.  
Daily standard deviations are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  The 
95% confidence bounds are constructed using standard deviation levels estimated for the daily SPDs during each contract month.  The 
vertical divider-lines separate each contract month. 

 
From Figure G.3b, we observe a general pattern of decline in SPD variability in the NDX 

puts market from June to November, and then a dramatic increase in variability in December.  

The highest variability occurs during the June contract month, followed closely by the December 

contract month.  The lowest average variability occurs in October.  These observations are 

confirmed with our t-tests, which show that, month-to-month, the average June variability is 

significantly higher than that in July, and the average December variability is significantly higher 
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than that in November.  As well, our results show that, on average, June variability is 

significantly higher than all other months in our study, and September variability is significantly 

lower than those in June, July, and December.  In sum, it appears that there are no significant 

post-9/11 reactions in the NDX puts market during September, October, and November, with 

significant reactions to the event occurring in December.   

Figure G.3c presents the month-to-month comparison of SPD variabilities in the SPX 

calls market.  We observe that the highest variability occurs during the September contract 

month, with post-event variabilities immediately decreasing to pre-event levels.  Our t-tests show 

that the only significant month-to-month change is the increase in variability from June to July.  

When we compare all months to the June contract month, we find that variability in June is 

significantly lower than those in July and August.  Our t-tests also show no significant differences 

between September SPD variability and variabilities in the other six months in our study period.  

As a result, we conclude that, except for those found in the September event month, there is no 

evidence of significant post-event impacts in terms of SPD variability in the SPX calls market. 

Figure G.3d shows that SPD variabilities in the SPX puts market increase steadily from 

June through August, and then decrease dramatically in September before returning to pre-event 

level in the following month.  Our t-test results in Table G.2 tell a similar story: September SPD 

variability is significantly lower than August SPD variability at the 1% level.  As well, month-to-

month t-test results indicate that variability in December is significantly lower than that in 

November.  When we compare June variability with those in the other six months, we do not find 

any significant differences.  On the other hand, September variability is found to be significantly 

lower than those in July, August, and November.  Based on the significantly higher November 

variability and the significant decrease in variability from November to December, we conclude 

that there are slight reactions in the SPX puts market in October and November which seem to 

have disappeared by December. 
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Thus, based on SPD variability, our results indicate post-event impact duration of 0 

month for the NDX calls market, 3 months for the NDX puts market, 0 month for the SPX calls 

market, and 2 months for the SPX puts market. 

 

 (iii) Results on the percentages of Li>1 

 Figures G.4a, b, c and d present the month-to-month comparisons of the percentages of 

discount states for each of the four markets, with monthly 95% confidence bounds from the 

contracts months of June to December surrounding the 9/11 event.  Table G.3 presents the 

monthly means and medians of the percentages of discount states, together with the t- and F-test 

results. 

 From Figure G.4a, we observe striking changes in the variability in the percentages from 

one month to month, with high variability in June, lowering variabilities in July and August, 

dramatically increased variability in September, lowering variabilities in October, dramatically 

low variability in November, and higher variability again in December.  In terms of percentages 

of discount states, those in June and September appear to be the highest, and those in August and 

November appear to be the smaller.  However, as we shall see later with our t-test results, 

appearances may be deceiving.  In Table G.3, the t-test results indicate that, on average, the July 

percentages are significantly lower than those in June, and the November percentages are 

significantly lower than those in October.  When compared to June, our results indicate that July, 

August, November, and December have lower percentages.  On the other hand, contrary to our 

observations above, our t-test results show that, on average, September percentages are not 

significantly different than the percentages in the other six months.  In terms of month-to-month 

variabilities in the percentages, F-test results indicate significant variability increase from August 

to September, significant variability decrease from September to October and November, and 

significant increase in variability in December.  When compared to June, the F-test results show 

significantly lower variability in August, October, and November.  F-tests comparing September  



  200 
 

Table G.3 

Monthly means and medians of percentages of discount states and t-tests and F-tests of significance 
in 9/11 event 

This table displays the test results for percentages of Li>1of the state price distributions estimated for the 9/11 seven-month event 
window.  Significance tests are performed for changes in the percentages from one month to the next (Month-to-month), between the 
individual month and the first month in the event window (June-to-Month), and between the individual month and the event month 
(September-to-Month).  The test statistics provided are for t-tests on changes in means, and F-tests on changes in standard deviations.  
The test results for NDX calls, NDX puts, SPX calls, and SPX puts are displayed in Panel a, b, c, and d, respectively.  * indicates 
significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 
(a) NDX Calls 
   Month-to-Month  June-to-Month  September-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
June 0.6602 0.7429       0.0761 0.3484 
July 0.4861 0.4000 0.0050** 0.2573  0.0050** 0.2573  0.5820 0.0323* 
August 0.5088 0.4706 0.6027 0.2686  0.0103* 0.0358*  0.8249 0.0027** 
September 0.5232 0.4792 0.8249 0.0027**  0.0761 0.3484  1.0000 1.0000 
October 0.5885 0.6364 0.3203 0.0027**  0.2058 0.0339*  0.3203 0.0027** 
November 0.4467 0.4667 0.0001** 0.0082**  0.0003** 0.0000**  0.2140 0.0000** 
December 0.4022 0.3261 0.1732 0.0014**  0.0001** 0.0742  0.0714 0.0055** 
 
(b) NDX Puts 
   Month-to-Month  June-to-Month  September-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
June 0.2687 0.2105       0.0019** 0.3697 
July 0.3706 0.3421 0.0715 0.0496*  0.0715 0.0496*  0.0361* 0.2994 
August 0.3921 0.3684 0.6011 0.9086  0.0357* 0.0807  0.1096 0.3815 
September 0.4711 0.4737 0.1096 0.3815  0.0019** 0.3697  1.0000 1.0000 
October 0.4233 0.3913 0.3931 0.7914  0.0181* 0.5323  0.3931 0.7914 
November 0.4500 0.4286 0.6231 0.6043  0.0041** 0.2508  0.6836 0.7969 
December 0.3929 0.3929 0.1619 0.0155*  0.0225* 0.0004**  0.0714 0.0074** 
 
(c)  SPX Calls 
   Month-to-Month  June-to-Month  September-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
June 0.4007 0.3548       0.6535 0.0143* 
July 0.4728 0.4868 0.0552 0.0573  0.0552 0.0573  0.4642 0.0000** 
August 0.4358 0.4048 0.2459 0.2577  0.3895 0.4539  0.9178 0.0015** 
September 0.4295 0.3226 0.9178 0.0015**  0.6535 0.0143*  1.0000 1.0000 
October 0.4547 0.4000 0.7020 0.0442*  0.2562 0.6423  0.7020 0.0442* 
November 0.4268 0.4091 0.4803 0.0062**  0.4724 0.0216*  0.9631 0.0000** 
December 0.3894 0.3448 0.2030 0.1148  0.7722 0.3855  0.5090 0.0005** 
 
 
(d)  SPX Puts 
   Month-to-Month  June-to-Month  September-to-Month 
 Average %L>1 Median ttest F-test  ttest Ftest  ttest Ftest 
June 0.3990 0.3548       0.7236 0.2315 
July 0.4087 0.3810 0.8226 0.0612  0.8226 0.0612  0.8230 0.0018** 
August 0.4475 0.4500 0.2261 0.8422  0.2747 0.0516  0.6193 0.0020** 
September 0.4207 0.3448 0.6193 0.0020**  0.7236 0.2315  1.0000 1.0000 
October 0.3949 0.3333 0.6791 0.3096  0.9394 0.8558  0.6791 0.3096 
November 0.3820 0.3600 0.7993 0.4619  0.7307 0.5810  0.5079 0.0784 
December 0.3712 0.3030 0.8237 0.3429  0.5949 0.7152  0.4167 0.3609 
 
variability with the other months show that percentages of discount states in September are more 

variable than those in all other months except for June.  Overall, our results seem to indicate that, 

for the NDX calls market, the more important indication of market reactions to the event is the 

relative variability in the percentages of discount states.  In this case, we conclude that the market 
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overreacts in September and underreacts in October and November, with further market reactions 

occurring in December.  The duration of post-event impacts is therefore 0 to 3 months. 

 In the NDX puts market, we observe low percentages of discount states in June, with 

fairly constant but slightly increasing percentages from July through to November, and lowering 

percentages in December.  Figure G.4b shows this pattern quite clearly, particularly the 

dramatically lower percentages during the December contract month.  The t-test results in Table 

G.3 confirm our observations: there are no significant changes in percentages of discount states 

from June to November.  However, contrary to our observations from Figure G.4b, our t-test 

results also show that the November and December percentages are insignificantly different as 

well.  When we compare June percentages to all other months, we find that June percentages are 

significantly lower than those in all other months except for July.  When compared against 

September percentages, we find significantly lower percentages in June and July but not during 

any of the post-event months.  The F-test results are more promising: they show that percentages 

of discount states in July and December are less variable than those in June, and that the 

December percentages are also less variable than those in September.  Thus, three characteristics 

emerge from our analysis of the NDX puts market’s percentages of discount states: one, the 

percentages are lower in June; two, the variability of percentages is lower in December; and three, 

there are no significant sign of reactions to the 9/11 event from September through to December, 

with the interesting result that the percentage variability actually further decreasing in December.  

Thus, we reach the conclusion of no post-9/11 reactions in the NDX puts market. 

 From Figure G.4c, we observe that the lowest percentages of discount states occur in 

June and September (pre-event-dates), and the highest percentages of discount states also occur in 

September (post-event-dates) in the SPX calls market.  This figure also show high variability in 

the percentages during September, with a large jump in the percentages from pre-event dates to 

post-event dates in September.  The variabilities appear to return to pre-event levels in the three 

post-event months.  The month-to-month t-test results (Table G.3) yield no significant difference 



  202 
 

in percentages of discount states.  This is also the case when we compare percentages in all 

months versus June and September.  On the other hand, month-to-month F-test results yield 

significantly more variable percentages from August to September, and significant decrease in 

variability from September to October and from October to November.  June percentages are 

found to be less variable than those in September but more variable than those in November.  

More pertinently, September percentages are found to be significantly more variable than those in 

all other months.  Thus, the lack of significant differences in average percentages of discount 

states together with the presence of significantly more variable percentages in September lead us 

to conclude that reactions to the 9/11 event are restricted to the contract month of September.  

This indicates 0 month of post-event impacts. 

 For the SPX puts market, we observe the lowest points of percentages of discount states 

in September (pre-event-dates), October, and December, and the highest points in June, 

September (post-event-dates), and December.  We also observe a large jump in percentages in 

September from the pre-event dates to the four post-event trading days.  Figure G.4d shows 

decreasing variability in percentages from June to August, a dramatic increase in variability from 

August to September, decreasing variabilities from September to October and November, and 

finally, an increase in variability from November to December.  From the t-test results for the 

SPX puts market presented in Table G.3, we find no significant differences in the average 

percentages, whether the comparisons are made from month to month, between June and the 

other six months, or between September and the other six months.  Our F-test results confirm our 

observation that variability in the percentages increases significantly from August to September.  

On the other hand, our results do not indicate any significant differences in variabilities of 

percentages between September and any of the three post-event months.  All these results 

together lead us to the conclusion that, although there are some indications of market reactions in 

September, we find no evidence of post-event impacts in the SPX puts market.  We therefore 

have a post-event impacts duration of 0 month in this market. 
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 To summarize, our results yield duration of post-event impacts of 0 to 3 months in the 

NDX calls market and 0 month in the NDX puts, SPX calls, and SPX puts markets. 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

18-May 12-Jun 07-Jul 01-Aug 26-Aug 20-Sep 15-Oct 09-Nov 04-Dec

%Li>1 - NDX Calls Low er 95% Upper 95%

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

18-May 12-Jun 07-Jul 01-Aug 26-Aug 20-Sep 15-Oct 09-Nov 04-Dec

%Li>1 - NDX Puts Lower 95% Upper 95%

 
(a) NDX Calls      (b)  NDX Puts 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

18-May 12-Jun 07-Jul 01-Aug 26-Aug 20-Sep 15-Oct 09-Nov 04-Dec

%Li>1 - SPX Calls Low er 95% Upper 95%

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

18-May 12-Jun 07-Jul 01-Aug 26-Aug 20-Sep 15-Oct 09-Nov 04-Dec

%Li>1 - SPX Put s Lower 95% Upper 95%

 
(c)  SPX Calls      (d)  SPX Puts 

Figure G.4.  Monthly Comparisons of Percentages of Li > 1 before, during and after the 9/11 event, with 95% Confidence 
Bounds.   Daily percentages of Li>1 are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, 
respectively.  The 95% confidence bounds are constructed using levels estimated for the daily SPDs during each contract month.  The 
vertical divider-lines separate each contract month. 
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(iv) Results on Excess Returns 
 

From Variance: 

 Figure G.5 presents the comparisons of the monthly standard deviations on the excess 

returns on the L, CL, and PL portfolios.  For F-tests on the significance of variability changes 

between months, please refer to Tables G.4 and G.5.  With these two sets of results, we come to 

the following conclusions: 

(a)  In the NDX calls market, Figure G.5a shows that excess returns volatilities on the L and PL 

portfolios increase in September while that on the CL portfolio decrease.  As well, the volatilities 

on the L and CL portfolios move in opposite directions to those on the PL portfolios during the 

three post-event months of October, November, and December.  The F-test results on the L and 

CL portfolio excess returns show no significant post-event changes in volatilities, while the F-test 

results on the PL portfolio indicate significant increases in volatilities during September and 

December, and significant decreases in volatilities during October and November.  Taken 

together, these results signify market reactions in September and December.  As such, we have a 

duration of post-9/11 impacts of zero to three months in the NDX calls market. 

(b)  In the NDX puts market, Figure G.5b shows that the excess returns volatilities on the L and 

CL portfolios move in the same directions as those on the PL portfolio in June, July and August.  

The volatilities on L and CL start moving in the opposite directions to those on the PL portfolio 

during September, and this continues through to November.  By December, volatilities on excess 

returns on all three portfolios begin to move in the same direction again.  The F-test results show 

only one significant month-to-month change in excess returns volatilities: the significant decrease 

in volatility from September to October on the PL portfolio.  When compared to June and to 

September, the excess returns on PL are found to be significantly less volatile in October, 

November and December.  Thus, according to the volatilities on excess returns, we conclude that 

the post-event impacts last anywhere from zero month (based on the F-test results) to two months 
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(based on the relative movements on the L, CL, and PL portfolio excess returns) in the NDX puts 

market. 

(c)  In the SPX calls market, Figure G.5c shows that the excess returns volatilities on all three 

portfolios move in the same direction from June to August.  Then the volatilities on L and CL 

move in opposite directions to those on the PL portfolio from September through to December.  

None of the F-test results on the L and CL portfolio excess returns are significant.  On the other 

hand, F-test results on the PL portfolio excess returns show that the September and October 

returns are definitely more volatile than those in any other months.  As well, the PL volatilities 

increase significantly from November to December.  Therefore, these results indicate that 

reactions in the SPX calls market may have continued from September through to December, 

resulting in post-9/11 impact duration of three months. 

(d)  In the SPX puts market, Figure G.5d shows that the excess returns volatilities on the L and CL 

portfolios move in opposite directions to those on the PL portfolio in September, October, and 

December.  The F-test results do not reveal any significant increases in volatilities on the three 

portfolios’ excess returns during September, October, November or December.  Therefore, these 

results yield possible post-event impact duration of zero to three months in the SPX puts market. 

 In summary, the durations of post-9/11 impacts for the four markets are as follows: zero 

to three months for the NDX calls market, two months for the NDX puts market, three months for 

the SPX calls market, and zero to three months in the SPX puts market. One interesting note on 

our results is that, based on the changes in volatilities, there appears to be more pronounced 

reactions in the two calls markets than in the two puts markets. 
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(a)  NDX Calls 
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(b)  NDX Puts 
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(c)  SPX Calls 
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(d)  SPX Puts 
Figure G.54.  Monthly Standard Deviations of Excess Returns on L, CL, and PL during the 9/11 Event.  Plots of monthly 
averages of standard deviations of excess returns on the L, CL, and PL portfolios are displayed here for the seven-month window of the 
9/11 event.  Monthly averages are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively.  
The results for the PL portfolio are plotted separately from those for the L and CL portfolios as the former are substantially larger. 
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Table G.4 

Monthly Standard deviations on Excess Returns and F-tests – 9/11 NDX markets 
This table displays the monthly standard deviations and F-tests for the estimated excess returns on the L, CL, and PL portfolios for the 
NDX calls and puts markets during the seven-month window of the 9/11 event.  The test results for NDX calls and NDX puts are 
displayed in Panel A and B, respectively.  For each market, F-test results are displayed below the standard deviations.  F-tests are 
performed for changes in standard deviations from one month to the next (month-to-month), between the individual month and the 
first month in the event window (June-to-Month), and between the individual month and the event month (September-to-Month).  * 
indicates significant p-value at the 5% significance level, and ** indicates significant p-value at 1% significance level. 
 

A. NDX Calls  B. NDX Puts 
Standard dev. E(RL)-r E(RCL)-r E(RPL)-r  Standard dev. E(RL)-r E(RCL)-r E(RPL)-r 
June 0.0316 0.0283 73.2674  June 0.0691 0.0619 19.1167 
July 0.0854 0.0530 1.9486  July 0.0608 0.0533 15.4567 
August 0.0760 0.0620 66.2716  August 0.0581 0.0480 14.1817 
September 0.0842 0.0478 6924.3756  September 0.0450 0.0357 15.4201 
October 0.0574 0.0428 752.1875  October 0.0682 0.0529 5.5523 
November 0.0878 0.0670 152.7026  November 0.0628 0.0511 7.6303 
December 0.0717 0.0630 663.3149  December 0.0731 0.0538 7.8532 

         
Month-to-Month    Month-to-Month   
F-test     F-test    
Jun-Jul 0.0001** 0.0088** 0.0000**  Jun-Jul 0.5577 0.4943 0.3339 
Jul-Aug 0.6105 0.4714 0.0000**  Jul-Aug 0.8457 0.6474 0.7093 
Aug-Sep 0.6601 0.2654 0.0000**  Aug-Sep 0.2769 0.2079 0.7189 
Sep-Oct 0.1099 0.6436 0.0000**  Sep-Oct 0.0808 0.0986 0.0001** 
Oct-Nov 0.0770 0.0627 0.0000**  Oct-Nov 0.7227 0.8819 0.1836 
Nov-Dec 0.3502 0.7675 0.0000**  Nov-Dec 0.5039 0.8298 0.9079 

         
June-to-month    June-to-month   

F-test     F-test    
Jun-Jul 0.0001** 0.0088** 0.0000**  Jun-Jul 0.5577 0.4943 0.3339 
Jun-Aug 0.0005** 0.0016** 0.6672  Jun-Aug 0.4587 0.2804 0.2058 
Jun-Sep 0.0001** 0.0312* 0.0000**  Jun-Sep 0.0719 0.0220* 0.3607 
Jun-Oct 0.0151* 0.0891 0.0000**  Jun-Oct 0.9561 0.5116 0.0000** 
Jun-Nov 0.0001** 0.0006** 0.0030**  Jun-Nov 0.6813 0.4155 0.0002** 
Jun-Dec 0.0008** 0.0011** 0.0000**  Jun-Dec 0.8163 0.5198 0.0001** 

         
September-to-Month    September-to-Month   

F-test     F-test    
Jun-Sep 0.0001** 0.0312* 0.0000**  Jun-Sep 0.0719 0.0220* 0.3607 
Jul-Sep 0.9596 0.6502 0.0000**  Jul-Sep 0.1875 0.0811 0.9973 
Aug-Sep 0.6601 0.2654 0.0000**  Aug-Sep 0.2769 0.2079 0.7189 
Sep-Oct 0.1099 0.6436 0.0000**  Sep-Oct 0.0808 0.0986 0.0001** 
Sep-Nov 0.8571 0.1493 0.0000**  Sep-Nov 0.1568 0.1276 0.0036** 
Sep-Dec 0.4563 0.2257 0.0000**  Sep-Dec 0.0358* 0.0748 0.0026** 
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Table G.5 

Monthly Standard deviations on Excess Returns and F-tests – 9/11 SPX markets 

A. SPX Calls  B. SPX Puts 
Standard dev. E(RL)-r E(RCL)-r E(RPL)-r  Standard dev. E(RL)-r E(RCL)-r E(RPL)-r 
June 0.0218 0.0209 903.3741  June 0.0198 0.0182 24.2138 
July 0.0260 0.0248 1394.9160  July 0.0333 0.0277 20.4635 
August 0.0268 0.0254 1624.1191  August 0.0296 0.0258 19.2289 
September 0.0171 0.0165 21301.5972  September 0.0186 0.0168 19.7993 
October 0.0182 0.0161 68608.4198  October 0.0258 0.0226 11.1346 
November 0.0263 0.0246 254.8510  November 0.0275 0.0233 13.7502 
December 0.0212 0.0199 4235.5282  December 0.0236 0.0215 19.2781 

         
Month-to-Month    Month-to-Month   
F-test     F-test    
Jun-Jul 0.4483 0.4683 0.0642  Jun-Jul 0.0272* 0.0750 0.4421 
Jul-Aug 0.8727 0.8907 0.4828  Jul-Aug 0.6114 0.7675 0.7904 
Aug-Sep 0.0560 0.0676 0.0000**  Aug-Sep 0.0483* 0.0696 0.8999 
Sep-Oct 0.7891 0.9208 0.0000**  Sep-Oct 0.1630 0.2133 0.0181* 
Oct-Nov 0.1231 0.0790 0.0000**  Oct-Nov 0.7976 0.8950 0.3757 
Nov-Dec 0.3213 0.3287 0.0000**  Nov-Dec 0.4874 0.7000 0.1389 

         
June-to-month    June-to-month   

F-test     F-test    
Jun-Jul 0.4483 0.4683 0.0642  Jun-Jul 0.0272* 0.0750 0.4421 
Jun-Aug 0.3802 0.4095 0.0161*  Jun-Aug 0.0910 0.1455 0.3272 
Jun-Sep 0.3032 0.3182 0.0000**  Jun-Sep 0.7927 0.7332 0.3916 
Jun-Oct 0.4517 0.2805 0.0000**  Jun-Oct 0.2634 0.3717 0.0019** 
Jun-Nov 0.4265 0.4928 0.0000**  Jun-Nov 0.1673 0.3013 0.0184* 
Jun-Dec 0.8904 0.8111 0.0000**  Jun-Dec 0.4399 0.4812 0.3006 

         
September-to-Month    September-to-Month   

F-test     F-test    
Jun-Sep 0.3032 0.3182 0.0000**  Jun-Sep 0.7927 0.7332 0.3916 
Jul-Sep 0.0680 0.0782 0.0000**  Jul-Sep 0.0123* 0.0315* 0.8930 
Aug-Sep 0.0560 0.0676 0.0000**  Aug-Sep 0.0483* 0.0696 0.8999 
Sep-Oct 0.7891 0.9208 0.0000**  Sep-Oct 0.1630 0.2133 0.0181* 
Sep-Nov 0.0673 0.0908 0.0000**  Sep-Nov 0.0964 0.1647 0.1207 
Sep-Dec 0.3436 0.4158 0.0000**  Sep-Dec 0.2900 0.2844 0.8931 
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From Autocorrelations: 

 In this section, since the results for L and CL portfolios are mostly identical, only the 

results for the former will be shown in Figure G.6, together with those on the PL portfolio.   

For the reference and insurance portfolios (L and CL, respectively) in the NDX calls 

market, positive autocorrelations occur in all seven months, except for one negative third-day 

autocorrelation in June.  In the investment portfolio (PL), autocorrelations are negative in August, 

September, October, and November.  Together, these autocorrelation results point to the reactions 

to 9/11 starting in September, and ending in November (2 months) in the NDX calls market. 

 Positive autocorrelations occur in all seven months for all three portfolios in the NDX 

puts market.  Thus, the autocorrelation results indicate no reactions to 9/11 in NDX puts market 

(0 month). 

 Positive autocorrelations occur in all seven months for the reference and insurance 

portfolios in the SPX calls market.  For the investment portfolio, negative (1-day to 5-day) 

autocorrelations are found during the July and December contract months, with an extraordinary 

increase during the October contract month.  These results yield only slight indications that there 

are reactions in the SPX calls market during the December contract months (0 or 3 months). 

 Similar to the results in the NDX puts market, positive autocorrelations occur in all seven 

months for all three portfolios in the SPX puts market.  Thus, the autocorrelations results yield no 

indications of reactions to the 9/11 event in the SPX puts market (0 month). 

 To sum up, the autocorrelation result sets yield duration of post-event impacts of two 

months in the NDX calls market, zero month in the NDX puts market, zero or three months in the 

SPX calls market, and zero month in the SPX puts market.  Once again, the two calls markets 

appear to be more affected by this event than the two puts markets. 
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(a)  NDX Calls  L           PL 
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(b)  NDX Puts  L           PL 
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(c)  SPX Calls  L           PL 
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(d)  SPX Puts  L           PL 
 
Figure G.6.  Autocorrelations for Excess Returns on L and PL during 9/11 Event.  Bar charts of one-day to five-day 
autocorrelations of excess returns on the L and PL portfolios are displayed here for the seven-month window of the 9/11 event.  
Monthly results are plotted for the NDX calls, NDX puts, SPX calls, and SPX puts in Panel a, b, c, and d, respectively. 

 
 
 



  211 
 

From Correlations: 

 Table G.6 presents the correlations between excess returns on the insurance and 

investment portfolios.  In the NDX calls market, these two portfolios’ excess returns are 

negatively correlated during August, September, and October.  Thus, it seems that in this market, 

reactions to the 9/11 event occur in September and October and subside by November.  Things 

play out quite differently in the NDX puts market, where the only negative correlation between 

these two portfolios’ excess returns occur in December, signifying either underreactions to this 

event in the three months prior to December or a reaction to new information released in 

December (such as the U.S. President Bush’s declaration of War on Terror).   

 In the SPX calls market, we find negative correlations between the two excess returns 

during July, September, October, and December, thus pointing to the possibility of post-9/11 

reactions lasting until at least December 2001.  On the other hand, our results do not show any 

negative correlations post-9/11 in the SPX puts market. 

 In sum, we have post-event impact duration of one month in the NDX calls market, zero 

or three months in the NDX puts market, one to three months in the SPX calls market, and zero 

month in the SPX puts market. 

 

Table G.6 

Correlations between excess returns on investment and insurance portfolios 
This table displays the correlations between the excess returns on the CL and PL portfolios during the seven-month 9/11 event window.  
The correlation results for the NDX calls, NDX puts, SPX calls, and SPX puts are presented in Columns 2-5. 
 
Corr(C,P) NDX calls NDX puts SPX calls SPX puts 
June 0.6976 0.4337 0.3891 0.6201
July 0.1462 0.2890 -0.1326 -0.1048
August -0.2128 0.1876 0.5801 0.1496
September -0.2014 0.3288 -0.4671 0.3310
October -0.0997 0.0376 -0.5807 0.2827
November 0.1796 0.5923 0.3843 0.1955
December 0.2792 -0.0730 -0.2172 0.3400
 
 
 



  212 
 

(v) Conclusions on post-event impact duration for 9/11 
 

Table G.7 

Summary of post-9/11 impact duration from six study variables 
This table displays a summary of the conclusions from our analysis of 9/11 post-event impact durations in the four markets, in terms 
of our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and 
autocorrelations in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The 
conclusions for the NDX calls, NDX puts, SPX calls, and SPX puts markets are placed in column 2, 3, 4, and 5, respectively, and 
these conclusions are expressed in terms of number of months of impact after the event month.  For example, an entry of “0 month” 
indicates no information leakage, “1 month” indicates information leakage one month before the event month, and so on.  The last row 
of the table contains the most probable post-event impact durations for the four markets, based on an aggregation of results from the 
six impact measures. 
 

Study Variable NDX calls NDX puts SPX calls SPX puts 
Skewness of SPDs 0 month 0 month 

 
0 month 0 month 

 
Variability of SPDs 0 month 3 months 0 month 2 months 

 
Percentage of discount states 0-3months 0 month 0 month 

 
0 month 

Variability of excess returns 0-3 months 
 

0-2 months 
 

3 months 
 

0-3 months 
 

Autocorrelation of Excess returns 2 months 
(Oct-Nov) 

0 month 0 or 3 months 
(Dec) 

0 month 

Correlation of excess returns 
between CL and PL  

1 month 
(October) 

0 or 3 months 
(December) 

1 to 3 months 
(Oct, Dec) 

0 month 

 
Overall most probable 

 
0-3 months 

 
0 month 

 

 
0 or 3 months 

 

 
0 month 

 
 For the NDX calls market, two sets of results indicate zero month of post-event impacts 

and two other sets of results indicate zero to three months of post-event impacts.  A conservative 

estimate of the most probable post-event impact duration is thus zero to three months for this 

market.  For the NDX puts market, three of the variables indicate no post-event impacts, and one 

other variable indicate either zero or three months of post-event impacts.  Therefore, the most 

probable duration of post-event impacts is zero month in the NDX puts market.  In the SPX calls 

market, three of the variables indicate no post-event impacts, while the other variables indicate 

three months; and thus, the most probable duration of post-event impacts is either zero or three 

months.  In the SPX puts market, four of the variables indicate no post-event impacts, and thus, it 

is highly probable that there were no post-event impacts from the 9/11 event in this market.  

 Overall, the six sets of results suggest that this event had longer-lasting impacts on the 

calls markets (SPX and NDX) than the puts markets.  The excess returns results are more 
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sensitive measures of event impacts, in that they more frequently yield longer durations of post-

event impacts.  Another interesting result from our analysis is that there is some evidence of 

reactions in all four markets during the December contract month.  As suggested earlier, this is 

perhaps an indication of early reactions to President Bush’s declaration of the War on Terror. 

B. Size of Impact27 

(i) Results on Skewness of SPDs 

Size of Impact: Absolute change/Total absolute change

Aug-Sep
34%

Nov-Dec
9%

Oct-Nov
-8%

Sep-Oct
-25%

Jul-Aug
-7%

Jun-Jul
-17%

  

Size of Impact: Absolute change/Total absolute change

Sep-Oct
14%

Nov-Dec
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Oct-Nov
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Aug-Sep
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Jul-Aug
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Jun-Jul
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                                  (a) NDX Calls                                                                   (b)  NDX Puts 
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                                 (c) SPX Calls                                                                       (d) SPX Puts 

Figure G.7. Partitions of month-to-month absolute changes in Average Skewness Levels of SPDs during the 9/11 Event.  These 
four graphs plot the percentages of absolute change in SPD skewness levels per month to total absolute changes in skewness levels 
over all seven months in the 9/11 event window.  The negative or positive sign in front of each percentage number indicates whether 
the change is a decrease or an increase in SPD skewness level.  Results are plotted for the NDX calls, NDX puts, SPX calls, and SPX 
puts in Panel a, b, c, and d, respectively. 

 

 

                                                           
27 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the 9/119/11 event.  For a 
summary of conclusions on the size of impacts for this event, please skip to subsection (v): Conclusions on Size of 
Impact on p. 222. 
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(a) Month-to-month % changes in Skewness                    (b) Cumulative % Changes 

Figure G.8.  Month-to-month percentage changes and Cumulative percentage changes in Average Skewness Levels of SPDs 
during the 9/11 Event.  Panel a plots the percentage changes in SPD skewness levels from one month to the next in the seven-month 
event window for 9/11.  Within each month-to-month window, the first bar represents the result for NDX calls, the second bar 
represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar represents the result for SPX 
puts.  Panel b plots the sum total of monthly percentage changes in skewness levels over all seven months in the 9/11 event window 
for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 

 
 Figure G.7 presents the pie chart of the month-to-month absolute changes in average 

skewness levels of the SPDs during the 9/11 event.  Figure G.8 presents market-to-market 

comparisons of the percentage changes in average skewness levels across each month, and a 

market-to-market comparison of the cumulative percentage changes in average skewness levels 

across all seven months. 

In terms of relative increases in skewness levels during the event month of September, 

the largest immediate impact occur in the NDX calls market (as is evident from both Figure G.7 

and Figure G.8).  The SPX calls market sustains the second largest event impacts, followed by the 

SPX puts and then the NDX puts market.  In terms of cumulative percentage increases in 

skewness levels, the largest impacts also occur in the NDX calls market, followed by the SPX 

puts and then the SPX calls market.  Interestingly, the 9/11 event does not appear to have any 

long-term effects on the NDX puts market, with only an insignificant increase in average 

skewness levels during the October contract month. 
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(ii) Results on Variances of SPDs 

Size of Impact:  Absolute change/Total absolute change
NDX Calls
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                                  (a) NDX Calls                                                                   (b)  NDX Puts 
Size of Impact:  Absolute change/Total absolute change
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                                 (c) SPX Calls                                                                       (d) SPX Puts 
Figure G.9. Partitions of month-to-month absolute changes in Average Variability in SPDs during the 9/11 Event.  These four 
graphs plot the percentages of absolute change in SPD standard deviation per month to total absolute changes in SPD standard 
deviations over all seven months in the 9/11 event window.  The negative or positive sign in front of each percentage number indicates 
whether the change is a decrease or an increase in monthly SPD standard deviation.  Results are plotted for the NDX calls, NDX puts, 
SPX calls, and SPX puts in Panel a, b, c, and d, respectively. 
 

-60

-40

-20

0

20

40

60

80

Jun-Jul Jul-Aug Aug-Sep Sep-Oct Oct-Nov Nov-Dec

NDX Calls NDX Puts SPX Calls SPX Puts

Cum. % Change in Standard Deviations

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

NDX Calls NDX Put s SPX Calls SPX Put s

 
(a) Month-to-month % changes in volatility                                                         (b) Cumulative % changes 

Figure G.10.  Month-to-month percentage changes and Cumulative percentage changes in the Average Variability in SPDs 
during the 9/11 Event.  Panel a plots the percentage changes in standard deviations of the SPDs from one month to the next in the 
seven-month event window for 9/11.  Within each month-to-month window, the first bar represents the result for NDX calls, the 
second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar represents the result 
for SPX puts.  Panel b plots the sum total of monthly percentage changes in standard deviations of SPDs over all seven months in the 
event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 
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 Figures G.9 and G.10 present the month-to-month absolute changes, month-to-month 

percentage changes, and cumulative percentage changes in the average variability in SPDs during 

the 9/11 event.  In the NDX calls market, monthly changes in SPD volatilities are all significant.  

However, only the changes in July, September and November are increases in volatilities.  In the 

NDX puts market, only the decrease in SPD volatility in July and the increase in volatility in 

December are significant, with a statistically insignificant increase in November.  As for the SPX 

calls market, we find statistically insignificant increases in October and November, and 

surprisingly, large (but statistically insignificant) decreases in SPD volatilities during the event 

month of September and in December.  This pattern of decreases during September and 

December is repeated in the SPX puts market, except that in this market, these decreases in 

average volatilities are statistically significant.  In this market, we also find insignificant increases 

in volatilities in the months of October and November. 

 In terms of relative immediate impact size, our results in Figure G.9 show that the largest 

increase in SPD variability occurs in September in the NDX calls market, with small increases in 

volatility levels in October in the two SPX markets (larger in SPX puts).  The changes in 

volatilities in the NDX puts market are negative in both September and October. 

 Since there should not be any impact from this event prior to the event date, the 

cumulative impacts from 9/11 should only be counted from September to December.  By the 

cumulative percentage changes in SPD volatilities from September to December (see Figure 

G.10b), our results show that the largest cumulative impacts from 9/11 occur in the NDX puts 

market.  There does not appear to be any cumulative impacts from this event on the other three 

markets. 
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(iii) Results on the percentages of Li>1 

 Figures G.11 and G.12 present the month-to-month absolute changes, month-to-month 

percentage changes, and cumulative percentage changes in the average percentages of discount 

states during the 9/11 event.  The NDX calls market experiences significant increases from 

September to October, and significant decreases from November to December.  On the other 

hand, in the NDX puts market, we find a large but statistically insignificant increase in 

percentages of discount states in September, a small decrease in October, a small increase in 

November, and a large and significant increase in December.   

 We find generally less significant results in the two SPX markets.  For the SPX calls 

market, our results on average percentages of discount states show significant changes in 

September, October, and November, with a small decrease in September, a medium-sized 

increase in October, and a medium-sized decrease in October.  The decrease in average 

percentage of discount states from November to December is large but insignificant.  As for the 

SPX puts market, our results indicate a large and significant decrease in average percentages of 

discount states in September, another large but insignificant decrease in October, with small and 

insignificant decreases occurring in November and December. 

 In terms of relative size of immediate impacts (increased percentages of discount states) 

from the 9/11 event, Figure G.11 and Figure G.12a show that the largest impacts in September 

and October occur in the NDX puts market, followed by the NDX calls market, and then the SPX 

calls market.  The SPX puts market does not show any signs of being affected by this event.  In 

terms of cumulative changes in the percentages of discount states from September to December, 

Figure G.12b shows that the only market with positive cumulative changes is the NDX puts 

market.  The other three markets all exhibit negative cumulative changes in percentages of 

discount states. 

 

 



  218 
 

Size of Impact:  Absolute change/Total absolute change
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                               (a)  NDX Calls                                                                         (b) NDX Puts 

Size of Impact:  Absolute change/Total absolute change
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Nov-Dec
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Jul-Aug
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+35%

  

Size of Impact:  Absolute change/Total absolute change
SPX Puts

Nov-Dec
-9%

Oct-Nov
-10%

Sep-Oct
-21%

Aug-Sep
-21%

Jul-Aug
+31%
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                              (c) SPX Calls                                                                        (d) SPX Puts 

Figure G.11.  Partitions of month-to-month changes in the Percentages of Discount States during the 9/11 Event.  These four 
graphs plot the percentages of absolute change in the percentages of discount states (Li>1) per month to total absolute changes in 
percentages of discount states over all seven months in the 9/11 event window.  The negative or positive sign in front of each 
percentage number indicates whether the change is a decrease or an increase.  Results are plotted for the NDX calls, NDX puts, SPX 
calls, and SPX puts in Panel a, b, c, and d, respectively. 

 
 

-30

-20

-10

0

10

20

30

40

50

Jun-Jul Jul-Aug Aug-Sep Sep-Oct Oct-Nov Nov-Dec

NDX calls NDX puts SPX calls SPX puts

Cum. % Change in %Li > 1

-20

-15

-10

-5

0

5

NDX calls NDX puts SPX calls SPX puts

 
(a) Month-to-month % changes in percentage discount states                          (b) Cumulative % changes 

Figure G.12.  Month-to-month percentage changes and Cumulative percentage changes in the Percentages of Discount States 
during the 9/11 Event.  Panel a plots the percentage changes in percentages of discount states (Li>1) from one month to the next in 
the seven-month event window for 9/11.  Within each month-to-month window, the first bar represents the result for NDX calls, the 
second bar represents the result for NDX puts, the third bar represents the result for SPX calls, and the fourth bar represents the result 
for SPX puts.  Panel b plots the sum total of monthly percentage changes in percentages of discount states over all seven months in the 
event window for the four markets of NDX calls, NDX puts, SPX calls, and SPX puts. 



  219 
 

 
 
(iv) Results on Excess Returns 

From Variance: 

 For the reference portfolio, L, the excess returns show increased variability in September 

in the NDX calls market, and in October in the other three markets.  However, the F-test results in 

Tables G.4 and G.5 indicate that none of these increases are significant.  Therefore, excess return 

variability on L indicates no significant immediate impacts on the reference portfolio in all four 

markets. 

 For the insurance portfolio, CL, we find no significant increase in excess return variability 

in September and October in the two calls markets, and significant increases in October 

variability in the two puts markets.  Therefore, these results also indicate no significant immediate 

impacts from 9/11 on the insurance portfolios in all four markets. 

 As for the excess returns on the investment portfolio, PL, we find significantly higher 

variability in September in the NDX calls market, significant increases in September and October 

in the SPX calls market, and insignificant increases in variability in September in the two puts 

markets.  However, in the NDX puts market, our results show that the September excess returns 

are significantly more variable than the excess returns in October, November, and December.  

Whereas, in the SPX puts market, our results indicate a significant decrease in variability in 

excess returns in October.  Overall, in terms of the size of immediate impacts from the 9/11 event, 

our results on excess return variability yield the following ranking: NDX calls market, SPX calls 

market, NDX puts (September more variable than October, November, and December), and SPX 

puts (no effect with significant decrease in variability in October).  

 According to Figure G.14a, the ranking for cumulative impact size in the L and CL 

portfolio is (from highest impact to lowest impact): NDX puts, NDX calls market, with 

decreasing variability in excess returns in the two SPX markets.  In the PL portfolio, the ranking 
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is: NDX calls, SPX calls, with no significant increase in variability in excess returns in the NDX 

puts and SPX puts markets. 
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                             (a)  August to September                                                                   (b)  September to October 
 
Figure G.13.  Percentage Changes in Excess Returns Variability from (a) August to September and (b) from September to 
October.  Panel a contains the changes in excess returns variability on the L, CL, and PL portfolios from August to September 2001.  
Panel b contains the changes in excess returns variability on the three portfolios from September to October 2001.  The first section in 
each panel plots the changes in excess returns on the L portfolio (E(RL)-r); the second section plots the changes in excess returns on 
the CL portfolio (E(RCL)-r); and the third section plots the changes in excess returns on the PL portfolio (E(RPL)-r).  Within each 
section, the first bar represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the 
result for SPX calls, and the fourth bar represents the result for SPX puts. 
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(a) Cum. % changes in excess return variability on L and CL           (b) Cum. % changes in excess return variability on PL 
 
Figure G.14. Cumulative Percentage Changes in Excess Returns Variability.  The sum totals of monthly percentage changes in 
standard deviations of the excess returns on the L, CL, and PL portfolios are plotted in each of the three sections.  Within each section, 
the first bar represents the result for NDX calls, the second bar represents 
 
 
From Autocorrelations: 

 To determine the immediate impacts of 9/11 on the autocorrelations of excess returns on 

the reference (L), insurance (CL), and investment (PL) portfolios, we shall need to look at whether 

or not the autocorrelations are negative during the September and October contract months.  For 

this purpose, we refer back to the graphs presented in Figure G.6.  For all four markets, we do not 

find any negative autocorrelations on the excess returns on the reference and insurance portfolios 
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in September and October.  The only negative autocorrelations in these two months are found in 

the excess returns on the investment portfolio in the NDX calls market. 

 As for the cumulative impact size from 9/11, Figures G.6a-d show that, in terms of 

autocorrelations of excess returns, the largest cumulative impacts appear to have occurred in the 

NDX calls market, with negative autocorrelations on the investment portfolio in September, 

October, and November.  Next, we have the SPX calls market, which has negative 

autocorrelations on the investment portfolio in December.  There are no negative autocorrelations 

in any of the portfolio excess returns in the two puts market. 

 Therefore, our autocorrelation results yield immediate impacts in the NDX calls market 

only, and cumulative impacts in the two call markets but not the two puts markets. 

 

From Correlations: 

 From Table G.6, we find large negative correlations between the excess returns on the 

insurance and investment portfolios in the SPX calls market during the September (-0.4671) and 

October (-0.5807) contract month.  The next largest negative correlations occur in the NDX calls 

market, -0.2014 in September and -0.0097 in October.  There are no negative correlations in 

September and October in the two puts markets. 

 Cumulatively, the largest impacts occur in the SPX calls market, which exhibits large 

negative correlations in July, September, October, and December.  The NDX calls market ranks 

second in cumulative impact size, with negative correlations in August, September and October, 

and the NDX puts market ranks third, with negative correlations in December only.  Our results 

in Table G.6 show that the SPX puts market is not affected by the 9/11 event, with all positive 

correlations between the excess returns on the insurance and investment portfolios from 

September through to December. 
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 While going through our results, it is interesting to note that the correlations are already 

negative in August in the NDX calls, which points to a downturn in this market one month prior 

to the event month of September. 

 

(v) Conclusions on Size of Impact 

Table G.8 

Summary of Results on Immediate and Cumulative Impacts from six study variables during 9/11 
Event 

This table displays a summary of the conclusions from our analysis of the 9/11 event impact sizes in the four markets, in terms of our 
six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and autocorrelations in 
the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The second column 
contains the conclusions on immediate impact size and the third column contains the conclusions on cumulative impact size.  Each of 
the four markets is ranked according to the immediate and cumulative impacts on the six measures, with 1 ranking as the largest 
impact size, and 4 as the smallest.  

Ranking Immediate Impact Cumulative Impact 
Skewness of SPDs 1.  NDX calls 

2.  SPX calls 
3.  SPX puts 
4.  NDX puts 
 

1.  NDX calls 
2.  SPX calls 
3.  SPX puts 
4.  NDX puts (no effects) 

Variability of SPDs 1.  NDX calls 
2.  SPX puts  
3.  SPX calls 
4.  NDX puts (no effect) 
 

1.  NDX puts  
2.  NDX calls, SPX puts,   SPX 
calls (no effects) 

Percentages of discount states 1.  NDX puts 
2.  NDX calls 
3.  SPX calls 
4.  SPX puts (no effects) 
 

1.  NDX puts 
2.  NDX calls, SPX calls, SPX 
puts (no effects) 

Variability of excess returns L and CL:   
       No immediate impacts 
 
PL: 

1.  NDX calls 
2.  SPX calls 
3.  NDX puts 
4.  SPX puts (no effects) 
 

L and CL:   
1. NDX puts 
2. NDX calls 
3. SPX calls and puts (lower 

variability) 
PL: 

1. NDX calls 
2. SPX calls 
3. NDX puts and SPX puts 

(no effects) 
 

Autocorrelations of Excess Returns L and CL: 
No effects on all four 
markets 

PL: 
1. NDX calls 
2. NDX puts, SPX calls, and 

SPX puts (no effects) 
 

L and CL: 
No effects on all four 
markets 

PL: 
1. NDX calls 
2. SPX calls 
3. NDX puts and SPX puts 

(no effects) 
Correlation of excess returns between 
CL and PL  

1.  SPX calls 
2.  NDX calls 
3.  No effects on NDX puts and 
SPX puts 
 

1.  SPX calls 
2.  NDX calls 
3.  No effects on NDX puts and 
SPX puts 
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 Table G.8 summarizes the conclusions on immediate and cumulative impacts based on 

the six study variables during the 9/11 event. 

Based on the results shown in Table G.8, we can say for certain that: 

(i) Overall, the ranking for size of immediate impacts (from largest to smallest) is: NDX 

calls, SPX calls, NDX puts, and finally, SPX puts. 

(ii) The calls markets are more immediately affected than the puts markets. 

(iii) Cumulatively, the largest impacts occur in the NDX puts market, followed by the 

NDX calls, SPX calls, and then the SPX puts market. 

(iv) The autocorrelations in excess returns yield the weakest results, with most of the 

portfolios in the four markets showing no significant impacts.  In fact, the three sets 

of results on excess returns offer very little evidence of event impacts, be it 

cumulative or immediate, in all three portfolios for all four markets. 

 

C. Information Leakage28 

(i) Results on Skewness of SPDs 

From Figure G.1, G.2, G.7 and G.8a, and the statistical results in Table G.1, the pre-9/11 

behaviour of the SPD skewness levels is summarized in the table below: 

 
 NDX calls NDX puts SPX calls SPX puts 
June High High High High 
July Decrease Large decrease Large decrease Large decrease 
August - Decrease - - 
September Large increase - Large increase Large increase 
 
The skewness levels in all four markets start out high in June and then decline in July.  No 

significant changes in skewness levels are detected August for all but the NDX puts market; in 

                                                           
28 Subsections (i) to (iv) contain detailed analysis of changes in our six study variables during the Tech-Bubble Burst 
event.  For a summary of conclusions on information leakage prior to this event, please skip to subsection (v): 
Conclusions on Information Leakage on p. 228. 
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this market, we find significantly lowered average August skewness level.  Average skewness 

levels increase significant in September for the NDX calls, SPX calls, and SPX puts markets, but 

not for the NDX puts market (which only has significant month-to-month decreases throughout 

the seven-month study period).  With no significant increases in skewness levels from June to 

August, our hypothesis that there are no pre-event impacts in the 9/11 event, i.e., there are no 

information leakage, is confirmed. 

 
(ii) Results on Variances of SPDs 

 
 NDX calls NDX puts SPX calls SPX puts 
June Low High Low Average 
July Large increase Large decrease Large increase - 
August Decrease - - - 
September Increase - - Large decrease 
 
The above table summarizes the pre-9/11 behaviour of the SPX variability in the four markets 

under study (obtained from Figures G.3 and G.9, and Table G.2).  In the first month of the study, 

the SPD variability in the two calls markets start out low relative to the other six months.  On the 

other hand, the NDX puts SPDs start out highly variable in June, and the SPDs in the SPX puts 

market display average variability when compared to the other months in our study period.  Our 

results then show large and statistically significant increases in variability in the two calls 

markets, and a significant decline variability in the NDX puts market.  It seems likely that there 

have been some events exerting influence over these three markets, such that the NDX puts 

market reacts in June while the two calls markets lag behind and react in July.  After one month 

of reaction, these influences ebb in August, wherein our results show no significant changes in the 

NDX puts market and the two SPX markets, but significantly lowered SPD variability in the 

NDX calls market.  The NDX calls market is also the only market with significantly more 

variable SPDs in September.   

We note that, of course, it is possible to interpret these variability results as pre-event 

impacts of the 9/11 event starting in June and July.  However, we believe that this is not so for 
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two reasons; one, it is difficult to envision a model in which such an event would generate two to 

three months of information leakage (unless one evokes some sort of elaborate and empirically 

non-provable conspiracy theory); and two, the ebbing of the influences in August points to the 

highly probable scenario of a pre-9/11 event occurrence which caused the rising variability in 

SPDs in June and July.  As such, we arrive at the conclusion that, according to the variability in 

the SPDs, there are no information leakage in any of the four markets during the 9/11 event. 

 

(iii) Results on the percentages of Li>1 

 From Figures G.4 and G.11 and Table G.3, we obtain the following summarized pre-

event behaviour of the percentages of discount states in the four markets: 

 
 NDX calls NDX puts SPX calls SPX puts
June High Low Low Average 
July Decrease - - - 
August - - - - 
September - - - - 
 
The results in this table lead us to the conclusion that there are no significant pre-event reactions 

in any of the four markets.  However, there is evidence of a rising percentage of discount states in 

the NDX puts market in August, since the average percentage of discount states is significantly in 

this month is significantly greater than that in the first month of the study (June). 

 

(iv) Results on Excess Returns 

From Variance: 

 Figure G.15 presents the percentages changes in standard deviation of excess returns on 

the three portfolios, for the periods of June to July and July to August. 
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(a) Percentages Changes in Excess Returns Variability from June to July (b) Percentages Changes in Excess Returns Variability from July to August 
 
Figure G.15. Percentage Changes in Excess Returns Variability on Portfolios L, CL, and PL from June 2001 to August 2001.  
Panel a contains the changes in excess returns variability on the L, CL, and PL portfolios from June to July 2001.  Panel b contains the 
changes in excess returns variability on the three portfolios from July to August 2001.  The first section in each panel plots the 
changes in excess returns on the L portfolio (E(RL)-r); the second section plots the changes in excess returns on the CL portfolio 
(E(RCL)-r); and the third section plots the changes in excess returns on the PL portfolio (E(RPL)-r).  Within each section, the first bar 
represents the result for NDX calls, the second bar represents the result for NDX puts, the third bar represents the result for SPX calls, 
and the fourth bar represents the result for SPX puts. 

 
 
 Results on excess returns on the reference portfolio, L, show significantly higher 

variability in July for the NDX calls and SPX puts markets, and significantly lower variability in 

September for the SPX puts market.  Excess returns on the insurance (CL) portfolio exhibit 

significantly increased variability in July for the NDX calls market.  No other significant changes 

in excess returns variability are found for the insurance portfolio during the pre-event period from 

June to August.  As for the excess returns on the investment (PL) portfolio, we find significantly 

lower variability in July in the NDX calls market, significantly higher variability in August and 

September in the same market, and significantly higher variability in September in the SPX calls 

market.   

 Thus, overall, the results on the reference portfolio indicate a period of possibly zero to 

two months of information leakage in the NDX calls and SPX puts markets.  For the insurance 

market, our results indicate the same period of information leakage, but only for the NDX calls 

market.  For the investment portfolio, our results indicate one month of information leakage in the 

NDX calls market.  These measures yield strong and consistent indications of heightened 

volatilities in the NDX  
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From Autocorrelations: 

 Looking back to Figure G.6, we see that for the reference (L) and the insurance (CL) 

portfolios, all but one (June in NDX calls market) autocorrelations in excess returns from June to 

August in all four markets are positive.  Thus, for these two portfolios at least, we do not find 

evidence of pre-event impacts. 

 For the investment (PL) portfolio, the picture becomes more murky and puzzling.  

Although the PL portfolios in the two puts markets exhibit strictly positive autocorrelations from 

June to August, our results indicate negative autocorrelations in August in the NDX calls markets 

and July in the SPX calls market.  This is a puzzling turn of event, as it is quite inconceivable 

how information on the occurrence of the 9/11 event could have leaked out prior to the event date 

and caused these early reactions.  Perhaps it is possible that these pre-event movements are due to 

the rumours of an impending U.S. recession prior to September.   

 

From Correlations: 

Looking back at the correlation statistics in Table G.6, we observe fairly high correlations 

in June, the first month of the study.  In the NDX calls and SPX puts markets, June correlation 

levels are the highest amongst the seven-month study period, while in the NDX puts market, the 

June correlation level is the second highest.  Negative correlations occur during August and 

September in the NDX calls market, during none of the months from June to September in the 

NDX puts market, during July and September in the SPX calls market, and during July in the 

SPX puts market.   

Thus, our results indicate information leakage of one month in the NDX calls market, 

zero month in the NDX puts market, zero or two months in the SPX calls market, and zero or two 

months in the SPX puts market.  These conclusions are again contrary to our hypothesis of no 

information leakage for the 9/11 event. 
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(v) Conclusions on Information Leakage 

 Table G.9 summarizes the results from the six measures on information leakages during 

the 9/11 event.  In general, the evidence shows that there was no information leakage in the four 

markets prior to the event date.  However, there might have been event contamination on our 

results and interpretations, as some of the measures indicate two months of information leakage 

from the event.  Our suspicion is that other event(s) (such as an expected recession in the U.S. 

economy) might have played a mitigating role on our results and conclusions on information 

leakage.   

Table G.9  

Summary of Results on Information Leakage from six study variables during 9/11 Event 
This table displays a summary of the conclusions from our analysis of 9/11 event information leakage in the four markets, in terms of 
our six impact measures: skewness and variability of the SPDs, percentages of discount states (Li>1), variability and autocorrelations 
in the excess returns on L, CL and PL portfolios, and correlations between excess returns on CL and PL portfolios.  The conclusions for 
NDX calls, NDX puts, SPX calls, and SPX puts markets are shown in Columns 2-5, and these conclusions are expressed in terms of 
number of months of information leakage prior to the event month.  For example, an entry of “0 month” indicates no information 
leakage, “1 month” indicates information leakage one month before the event month, and so on.  The last row of the table contains the 
most probable lengths of information leakage for the four markets, based on an aggregation of results from the six impact measures. 
 

# months prior to event 
date 

NDX calls NDX puts SPX calls SPX puts 

Skewness of SPDs 0 month 
(September) 

0 month 
 

0 month 
(September) 

0 month 
(September) 

Variability of SPDs 0 or 2 months 
(July or September) 

0 month 
 

0 or 2 months 
(July) 

0 month 

Percentages of discount 
states 

0 month 
 

0 month 0 month 0 month 

Variability of excess returns 0 or 1 or 2 months 
(July or August) 

0 month 
 

0 month 
 

0 or 2 months 
(July) 

Autocorrelations of Excess 
Returns 

0 or 1 month 
(August) 

0 month 0 or 2 months 
(July) 

0 month 

Correlation of excess 
returns between CL and PL  

1 month 
(August) 

0 month 0 or 2 months 
(July) 

0 or 2 months 
(July) 

 
Most Probable 

 
0 month 

 
0 month 

 
0 month 

 
0 month 

 
 

Summary of Results on 9/11 
 
P7:  Due to the nature of this event, no pre-event information leakage could have occurred in 

either the NDX or the SPX.   
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 Aside from the consistent evidence of higher volatilities in the NDX calls market, our 

results largely confirm our proposition of no information leakage for the 9/11 event.  In this case, 

it is highly probable that the NDX calls results have been contaminated by another event such as 

the rumours of an impending U.S. recession.   

 

P8:  Assuming that no major modes of production were critically impaired, the post-event 

impacts from 9/11 should be fairly short-lived, and the impact duration should be of similar 

length in both the SPX and NDX markets. 

Our results largely support both parts of this proposition.  The most notable caveat is, of 

course, the evidence of possible event impacts in December (three months post-event) in the two 

calls markets.  However, these impacts may have been due to the announcement of the War On 

Terror by the U.S. President Bush in December 2001.  The fact that our results frequently show 

no significant changes in the intervening months of October and November lend credence to this 

line of reasoning.  It is also interesting to note that this December effect occurs only in the two 

calls markets.  

 

P9:  There would have been large, sudden, and similarly-sized immediate variations in the state 

price distributions in the NDX and SPX markets. 

This proposition is not completely supported by our results.  According to our results, the 

calls markets exhibit larger immediate reactions to the event than the two puts markets.  Both 

immediate and cumulative impacts are different amongst the four markets.  However, most of the 

evidence point to a sudden change in the behaviour of the state price distributions and the excess 

returns on the investment portfolios from the pre-event month of August to the event month of 

September.   
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Appendix H.  Detailed Analysis Results on Cross-event Comparisons 

 
P10:  Pre-Event Information Leakage 

The relative ranking of the three events in terms of pre-event information leakage should be the 

2000-Burst (with the longest period of information leakage prior to the event month), then the 

LTCM event, followed by 9/11 (which should have no information leakage).  

 Our results show that, in general, markets do not anticipate large events.  The only 

exception is the LTCM event, which shows evidence of information leakage, but only in the two 

SPX markets.  This information leakage may be due to the opening of LTCM’s books to auditors 

from a potential white knight investment firm.  The puzzling point here is: why is it that the same 

effects do not apply in the two NDX markets? 

 

P11:  Post-event Impact Duration 

Comparatively speaking, the 2000-Burst should have the longest duration of post-event impact on 

the financial markets, while 9/11 should have the shortest.  

 Our results indicate that the calls markets display longer durations of post-event impacts 

from all three events.  However, the interpretation for the 9/11 event results must be tempered 

with the consideration of impact contamination from the announcement of the War on Terror by 

the U.S. during the same year.  Overall, we find longer duration in the SPX markets for the 

LTCM event, but in the NDX markets for the 2000-Burst.  Keeping this and the generally longer 

durations of post-event impacts in the calls markets in mind, our results confirm that the 2000-

Burst has the longest, while the 9/11 event has the shortest duration of post-event impacts.   

 

P12:  Size/Area of Influence 

P12a: Of these three events, September 11 should have the largest, while LTCM should have the 

least immediate impacts on the NDX and the SPX. 
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 Our analyses indicate that, across the board, the calls markets are more heavily affected 

by the three events than the puts markets.  Although this characteristic is more significant for the 

9/11 and the 2000-Burst events, it is nonetheless also present in the LTCM event.  This 

phenomenon could be due to the fact that puts markets are “sell” markets, which means that 

investors in puts markets are already anticipating bad news and incorporating their expectations 

into put pricing.   

Another surprising characteristic found in our analyses is that the LTCM event has the 

largest immediate impacts on the two SPX markets, with the obvious implication that SPX 

investors were caught unaware as the LTCM event unfolded.  Coupled with the evidence of pre-

event information leakage, our results confirm the gradual information flow assumption in Hong 

and Stein (1999).   

Overall, our results show large immediate impacts during the event month for 9/11, and 

prior to the event month for the LTCM event.  The results for immediate impacts from the 2000-

Burst are fairly ambiguous, and vary according to the measures of impacts.  Out of the four 

markets analyzed, only the results on the NDX calls market concur with our Proposition 12a.  It is 

also interesting to note the differences in immediate impact results between the SPX and NDX 

markets.  While the NDX markets are more immediately affected by global and industrial events 

such as the 9/11 and 2000-Burst, the SPX markets are more affected by localized events such as 

the LTCM.  As well, it seems that the returns on conservative portfolios (L and CL) are more 

affected by industry-level events, while the returns on aggressive investment portfolios (PL) are 

more affected by global/geo-political events.    

 

P12b: Compared to the LTCM event, September 11 and Tech-Bubble Burst should have larger 

overall impacts on the NDX and the SPX. 

 



  232 
 

 Our analyses lead us to conclude that, across the four markets, the largest cumulative 

impacts occur during the 2000-Burst event, followed by the 9/11 event, and then finally the 

LTCM event.  Thus, our results confirm that the level of economy at which an event occurs is 

important in determining the size of impacts.  In our case, the micro-level event, LTCM, has by 

far the smallest cumulative impacts than the two macro-level events.  
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