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Presenter Notes
Presentation Notes
Thanks to Ross Askanazi, Daniel Chapman, and Su Li for expert help in preparing these slides.Title inspired by Ivar Ekeland, Mathematics and the Unexpected, The University of Chicago Press 1988. 



     
    

  
       
  
         

    

What might one be uncertain about? 

1. Outcome of a given FDA trial affecting valuation of a company 
2. Whether an executive of a company might be defrauding investors 
3. The return on S&P 500 on any given day?  Over the next calendar year? 
4. Whether there will be failure of a major U.S. stock exchange in the next calendar year 
5. Whether your trading counterparty knows more than you 
6. Whether your bank will be forced to close due to withdrawals or loss of funding source 
7. What everybody else believes about these questions 

Presenter Notes
Presentation Notes
Life is full of outcomes that we do not know for certain, and thus have the potential to take us by surprise.  What might we be uncertain about?  We might be uncertain about a specific outcome for a specific company, for example an FDA trial.  We may be uncertain about the ethics of those running the company.  Are they putting forth their best efforts?   Or are they taking things easy, or worse, potentially defrauding investors?  We are uncertain about the return on the S&P 500 over a day, or a year.  We might be uncertain about how much our trading counterparty knows, and about the status of our bank.   We are uncertain about what others believe about these questions.



 

 
   

  
   

   −𝐸𝐸   

What is “the unexpected”? 

𝐸𝐸 

• Life is full of outcomes that we cannot predict with certainty
• We can represent the range of outcomes as
• We can form an expectation
• Something is unexpected to the degree it is far from 𝐸𝐸 

• The larger is the more unexpected the event 



 
  

People are risk-averse 

• Arises from decreasing marginal utility 
• Individuals will not make a risky bet 

without compensation 

Presenter Notes
Presentation Notes
We think of individuals as averse to risk.  If they are taking risk, they need something a little extra to compensate them.   This is a fundamental property stemming from the idea that the benefit an individual receives from consumption is increasing and concave – namely one’s desire to have more falls, the more one already has.  Economists refer to this tendency as “decreasing marginal utility.”  For a concave function, the slope (the derivative of utility, or marginal utility), decreases as a function of consumption. 



  

  
 

  
  

 
 

The risk averse 
investor requires a 
premium 

• The amount you need to 
be compensated for risk 
depends on risk aversion 
and (to a first 
approximation) on the 
volatility of the gamble 

Presenter Notes
Presentation Notes
The relation between aversion to risk and concavity falls out from a mathematical result known as Jensen’s inequality.  The function f here represents utility.  The straight line connecting two points is the average utility one receives from a risky bet with outcomes  x 1  and  x 2 .  This average lies below utility when evaluated at the average of  x 1  and  x 2 .  Namely, you would prefer to simply receive the average then have to experience the uncertainty.  You can also read off from the graph the amount you need to receive to make you indifferent.   It is a function of the curvature of the graph and of the variance of the gamble.



   Return distribution for a single stock 

Mean: 1.11% 
Volatility: 13.77% 
Skew: 2.96 
Kurtosis 19.22 

Presenter Notes
Presentation Notes
At the SEC we are concerned with investor protection.  One area of focus is the roughly 40 trillion market for public equities.   We will consider the stock return as the random variable of interest. One feature of stock returns is that they are highly positively skewed.  A random variable is positively skewed if its median lies below its mean.  In contrast, for a normal distribution, the mean equals the median.  Studies show that the median return on any individual stock is below that of Treasury bills.  That means, on most days and in most stocks, an investor earns less than the Treasury bill return, even though on average, stocks have outperformed bonds by a factor of three.     In this figure, I show a histogram for a distribution roughly designed to mimic the return on an individual stock.  Note the very long right tail, translating into a skewness coefficient of roughly 3.   Think about a company developing a new product (for example, a new medical voice).  Such a product may face a high probability of failure.  However, if it does succeed, the benefits will be large.  This is the type of underlying distribution of business outcomes that could generate this observed skewness in returns. These returns seem very risky!  However, the central limit theorem tells us that as we sum together more and more variables, distributions become normal.  Furthermore, the law of large numbers tells us that the variance should approach zero.  By creating a portfolio of 100 of these distributions, we can see that mechanism in action.   References: Bessembinder, Do stocks out-perform Treasury bills?, Journal of Financial Economics 129 (2018); Oh and Wachter, Cross-Sectional Skewness, Review of Asset Pricing Studies 12 (2002).IdTechnical notes: This chart is a histogram showing the distribution of 500,000 simulated stock returns. Relies on jump model motivated by Backus et al, Disasters Implied by Equity Index Options, Journal of Finance (2011).Model: return_t = exp(w_t + z_t)w_t ~ (mu, sigma^2)z_t is the jump process.  z_t | j ~ N(j*theta, j^2 * delta^2), where j is the number of jumps.  Each jump occurs with probability omega.We parametrize to emphasize skewness of individual stocks.  In our parametrization:mu = .04sigma = .0324omega = .33theta = .12delta = .0064We first draw w_t.  We then draw u_t ~ unif[0,1].  If u_t < omega, we draw again, and repeat until we fail to get u_t < omega.  We set j equal to the number of times we drew u_t < omega.  We then draw z_t ~ N(theta, delta^2), and set z_t = j*z_t.  We then set return_t = exp(w_t + z_t).Chart shows histogram of resulting returns.



  Return distribution for a portfolio 

Mean: 1.11% 
Variance: 1.37% 
Skewness: 0.30 
Kurtosis: 3.17 

Presenter Notes
Presentation Notes
Does this mean that the SEC need not be concerned of the risks individual companies pose to investors because these could “diversified away”?  Indeed not.  In fact, diversification implies that there is tremendous gain for companies to access a broad capital market.  To do so means overcoming a very different type of unexpected event.Technical notes: We now create a diversified portfolio of the stocks from the previous simulation.  We draw 100 iid copies of the stock from the previous distribution.  At every date t, portfolio returns are the average of the returns from the 100 copies  of the individual stock.Chart shows histogram of resulting portfolio returns.



  

  
   

 
  

Some of the unexpected is diversifiable 

• The positive skewness of specific returns averages out 
• To become an (almost) normal distribution 
• With a much smaller variance 
• This is the type of risk associated with the FDA trial 
• What about moral hazard? 



  A simple model of moral hazard 
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+ 𝐵𝐵 
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Presenter Notes
Presentation Notes
Today we frequently hear about moral hazard in the context of risk-taking by financial institutions..  Here, I wish to talk about a canonical model of moral hazard that can account for difficulties in raising financing.  This model presents a simplified world in which an entrepreneur has access to a project that, with probability  𝑝 𝐻  has a return 𝑅 and otherwise has a return of zero.  The project requires some initial investment 𝐼.   The project is worth doing:  𝑝 𝐻 𝑅> 𝐼.   The entrepreneur plans to seek outside financing for the project.  In principle this should not be hard, the entrepreneur can, in expectation, pay back the 𝐼.  Even risk-averse investors will be willing to contribute because they can diversify among projects.   The problem is that the entrepreneur has another path open.   The entrepreneur can, through a series of actions, cause the project to not turn out quite so well.  That is, the entrepreneur can go down the lower path in the decision tree, causing the positive outcome to occur with probability  𝑝 𝐿 <  𝑝 𝐻 .    Doing so will give the entrepreneur a private benefit of 𝐵, assumed to be certain.  Importantly, 𝐵 is not so good as to over-ride the benefits of the first path, should the entrepreneur capture the surplus.  That is, we assume  𝐵<𝑝 ℎ 𝑅.  This is not a surprising assumption given decreasing marginal utility and how companies do often succeed in creating wealth for large dispersed shareholders. We also assume that this lower path would render the investment not profitable for an outsider.  That is, 𝐼> 𝑝 𝐿 𝑅. Note that this problem has collapsed the entire distribution we saw in the previous figure into only two outcomes: success and failure.  And all the possible ways an entrepreneur can influence a project for better or worse are also collapsed into choices labeled high and low.  Furthermore, we assume that everyone knows all these numbers, eliminating a major source of uncertainty.   The role of uncertainty is to make the entrepreneur’s actions undecipherable. Bengt Holmstrom and Jean Tirole, Inside and Outside Liquidity, MIT Press, 2011.



  

   
 

    

   
       

   

A simple model of moral hazard (cont.) 

• Project costs 𝐼𝐼, paid by outside investors. 
• Upper path profitable: 𝐼𝐼 < 𝑝𝑝𝐻𝐻𝑅𝑅 

• Lower path not profitable: 𝐼𝐼 > 𝑝𝑝𝐿𝐿𝑅𝑅 . 

• Upper path better than lower in total: 𝐵𝐵 < Δ𝑝𝑝𝑅𝑅 

• Entrepreneur only takes upper path if paid  at least 𝐵𝐵/Δ𝑝𝑝 upon success 

• Project cannot move forward if 𝑝𝑝𝐻𝐻 𝑅𝑅 − 𝐵𝐵/Δ𝑝𝑝 < 𝐼𝐼. 

Presenter Notes
Presentation Notes
.Assuming that the capital must be raised from the outside, the project cannot move forward if 𝐼> 𝐵 ∆𝑝 , where ∆𝑝 is the “delta” in the probabilities from high and low effort.  That is because the outside investor lose money if the entrepreneur takes the low path, and so the outside investor must make sure that the entrepreneur takes the high road. The only way to do that is to make sure the difference in payments to the entrepreneur across the two states exceeds the gain in from taking the low path.   Finally, it is not possible to pay the entrepreneur less than zero.  This implies that the entrepreneur must be paid at least  𝐵 ∆𝑝  in the high state, reducing the amount available to the investor.   If it reduces it enough, the project cannot obtain funding.  This is a disaster scenario for the investor and the entrepreneur alike.  



 

 
   

   

How market regulation can help 

• It can reduce private benefits 𝐵𝐵 

• It can increase the difference in probabilities ∆𝑝𝑝 

• This is Pareto-improving: it helps both the entrepreneur and the outside 
investors. 

Presenter Notes
Presentation Notes
Regulation can be very helpful here either through reducing the private benefits  B  or raising the change  in probabilities ∆𝑝.   On the face of it, this may seem to make things worse for the entrepreneur because a private benefit is going away.  However, the entrepreneur would far rather receive a share of the profits from a successful venture than not be able to finance a venture at all.   Of course, it also improves matters for the outside investor.  How does regulation accomplish this?   For example, rules regarding insider trading make it harder to capture purely private benefits, reducing B.   Rules regarding disclosure raise ∆𝑝.  Greater information makes it easier to tell which path the entrepreneur is going down, which, together with price discovery, imply that low effort may no longer be rewarded by positive returns.    Such regulation reduces the cost of capital by overcoming the moral hazard problem.   It is Pareto improving.  



   Daily returns on the market portfolio 

Presenter Notes
Presentation Notes
As I have mentioned before, the risk of a diversified portfolio looks very different from the risk of an individual stock.  Here is the actual histogram of daily returns in data from 1988 to the present The daily mean is 0.05%, with a volatility of 1.14%, and a skewness of -0.19, with kurtosis of 10.  The lowest return in the sample is on March 16 2020, It should not surprise us that there is negative skewness in aggregate returns and positive skewness in individual returns.  What this says is that positive unexpected events tend to be idiosyncratic, while negative ones are more likely to be systematic – namely occur for many companies at once.   Regulations have promoted fairness, orderliness, and efficiency in markets, even in the face of this high volatility.   High volatility can be a strength – unlike some distributions I will discuss later, it teaches investors to “expect the unexpected.”However, there is one aspect of the unexpected that is notoriously hard to detect.  Note that kurtosis in this figure is about 10.   Kurtosis has a problem that the mean does not have, and the variance has to a much lesser degree.   It is biased downwards.Technical notes: Daily market returns from CRSP, 6/1/1988 --- 12/31/2022., Daily market portfolio returns from value-weighted market portfolio excluding ADRs and adjusting for dividends.  A daily return of 0.05% translates into an average annual return of 0.05 X 250 = 12.5%.  A daily volatility of 1.14% translates into an annual volatility of 1.14 X sqrt(250) = 18%.The three dates with the most negative outliers for both short puts and market returns were 3/16/2020, 3/12/2020, and 10/15/2008.  



 Sampling distribution for kurtosis 

Mean kurtosis estimate: 15 
Population kurtosis: 119 

Presenter Notes
Presentation Notes
To illustrate, we conduct what is known as a Monte Carlo exercise.  We simulate a sample of 50 returns 10,000 times.  The figure shows the distribution of the sample estimate of kurtosis.  To obtain a sample kurtosis of 15, we need a population kurtosis of over 100. And a great many samples find a kurtosis of much less than 15.  Technical notes: We  simulated market returns, from the same model with a different parameterization to achieve the high kurtosis and negative skewness associated with market returns. These parameters are what Backus et al find particularly generate high kurtosis.We simulated 500,000 market returns with: mu = .023 sigma =.01 omega = 0.01 delta = .15Theta = -.3 We then analyzed the distribution of a small-sample estimator of market return kurtosis.  We took 10,000 iterations of a sample of randomly selected 50 returns from the overall 500,000 observations, and calculate the kurtosis of each sample. We then plot a histogram of those 10,000 kurtosis measurements. 



      
        

  
 

 
     

Hidden Kurtosis 

• Sample kurtosis is supposed to measure the fat tails of a distribution 
• However, true kurtosis may be much larger than any one sample 

indicates 
• The fact that rare events can sometimes surprise is intuitive 
• But we cannot take false comfort from a kurtosis statistic 
• Kurtosis can reject the normal, not confirm the normal 
• For one class of securities, correctly estimating kurtosis matters a 

great deal 

Presenter Notes
Presentation Notes
While sample kurtosis is supposed to be a measure of how far from a normal distribution we are, true kurtosis is more likely than not to be higher  than any one sample represents.    The fact that rare events can sometimes surprise is intuitive: what we need to watch out for is taking false comfort from statistics such as kurtosis.  The sample kurtosis shows us that the normal distribution is not a good approximation.    It does not provide an unbiased measure of the true kurtosis, and thus the true probability of rare events.



  
    

 

 
Case study: the 
options market 

• Payoffs to a long and a short options position 

• Exercise price 𝑋𝑋 

• Price of underlying 𝑆𝑆1 

Presenter Notes
Presentation Notes
I want to turn to aggregate index options, and specifically about writing put options, not because I want to turn this into a talk about options, but because they are a means of illustrating two broader points.   A put option gives the holder the right to sell a security for a fixed amount (X).  The figure to the left shows the payoff on the option at maturity as a function of the underlying.  The figure to the right shows the payoff to taking the other side of the options contract, otherwise known as writing an option.  This payoff is zero, when the stock price is above the exercise price (the option is out-of-the-money).  When the stock price is below the exercise price, the option is in the money, and the writer of the option is forced to buy the security for more than what it is worth.  The option seller (or writer) insures the option buyer against a stock price decline.  We can immediately see that writing an option will tend to exhibit negative skewness, especially options that are out of the money.  Most of the time, the writer will pay out zero, whereas only some of the time the writer will pay out something positive.  Meanwhile, the writer of the option earns the “premium” – the positive amount that the option buyer pays.  



   

Black-Scholes-Merton model 

• Their continuous-time model is a limiting case of a binomial tree 

𝑆𝑆0 

𝑝𝑝 

1 − 𝑝𝑝 

𝑢𝑢𝑆𝑆0 

𝑑𝑑𝑆𝑆0 
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Presenter Notes
Presentation Notes
There is a curious story connected with option valuation and the unexpected.  The Black-Scholes-Merton model was initially published in 1973 as a means of pricing options.  At the core of the model is a simple binomial tree of the sort shown here.  As one holds the maturity of the option constant and increases the number of steps within the binomial tree, the distribution (using the central limit theorem again) approaches a lognormal. Black, Scholes, and Merton showed that the price of the option depends on the value of the underlying, the exercise price, the time to maturity, the interest rate, and the volatility. All are observable except the volatility.  Given an option price, it is possible to back out the volatility.  This “backed-out” volatility is called implied volatility.  If the market prices options as if the lognormal model were true, then implied volatility would equal actual volatility, and as such, cannot differ between options of different strike prices.   Fischer Black and Myron Scholes, The pricing of options and corporate liabilities, Journal of Political Economy 81 (1973).Robert Merton, Theory of rational option pricing, Bell Journal of Economics and Management Science 4 (1973).John Cox, Stephen Ross, and Mark Rubinstein, Option pricing, a simplified approach, Journal of Financial Economics 7 (1979)



Implied volatilities 

Presenter Notes
Presentation Notes
The figure on the left shows the time series of the difference between implied volatility for at-the-money and for out-of-the-money options.  At the very start of the sample, the difference fluctuated around zero.  However, following October 19, 1987, the spread widened out.  It remains wide to this day.  The figure to the right shows the average implied volatility for one-month index options, as a function of how far out of the money the option is, with the furthest out to the right.  What this figure shows is that out-of-the-money put options have implied volatilities greater than realized volatilities, and the difference is larger, the further the option is out-of-the-money.  The figure shows that options are more expensive than if returns were lognormally distributed.  This indicates that post-1987, investors put greater probability on tail events than under a lognormal distribution.    Left plot from Benzoni et al. 2011, Explaining asset pricing puzzles associated with the 1987 stock market crash. Journal of Financial Economics 101:552—573.Right plot from Seo and Wachter, 2019, Option pricing in a model with stochastic disaster risk, Management Science 65 (2019).Note: The difference between the stock price and the exercise, or strike, price divided by stock price is called “moneyness.”



 

    
 

   

Case study: the options market (cont.) 

• However, daily return on October 19, 1987 implied a 20 standard deviation 
event, essentially impossible 

• That day proved that the model for returns used to price options was wrong. 

Presenter Notes
Presentation Notes
 This discussion reveals a second, and very important risk that we have not yet directly considered: the risk that a model is wrong.   In 1987, option traders discovered that they were using an incorrect model. We thus have two different notions of the unexpected.  There are unexpected events that are captured within the model.  These represent, say, a path along the edges of the binomial tree.   But there is also the unexpected outside of the model.  October 19, 1987, was a 20-standard deviation event.  The chance of an event that is below ten standard deviations is less than 10^(-30), an unimaginably small number.  And in the world of diffusion processes, it is a zero-probability event.  For Finance specialists, this means that the supposed arbitrage-free Black-Scholes-Merton model, actually allowed arbitrage opportunities after all.  October 1987 was new but not unique – 58 years prior on a Monday the stock market fell 13%, 10/28/1929



 

 

 

Two types of uncertainty 

The uncertainty within the model, e.g. the 
binomial tree 

The uncertainty outside the model, e.g. an 
event outside the binomial tree 

Presenter Notes
Presentation Notes
 Why did market participants so fail to build models that consider this rare event?  Perhaps some of the answer lies in what we just discussed – past experience can be a poor guide.  But it’s not quite enough, because there were previous events that should have ruled out the normal distribution.  In another Monday in October, 58 years prior, the Dow lost 13% in one day.  This was the day before Black Tuesday, sometimes credited as the start of the Great Depression.  



 
      

      
   

  
 

Two types of uncertainty 
• Why did market participants fail to take into account non-normality in returns in pricing 

options? 
• Even if events do lie outside models, why not use a model that better explains the data? 
• Especially when the difference is important? 

Perhaps 80s were the beginning of quantitative modeling in industry.  Perhaps downward 
bias and small sample 



 

           
        

     

       
      

Bertrand Russell’s chicken: 

• “The man who has fed the chicken every day throughout its life at last wrings its neck 
instead, showing that more refined views as to the uniformity of nature would have been 
useful to the chicken.” – Bertrand Russell 

• Some types of uncertainty seem destined to fool us, like the short put strategy 
• Some distributions seem destined to fool us, like those with fat tails 

Presenter Notes
Presentation Notes
Bertrand Russell’s chicken is often used to invoke the failure of empiricism and inductivism.  The chicken is not helped at all by having a long time series of observations.     The chicken experience has two things in common with the experience of selling a put option.  First, the payoff to selling an out-of-the-money put option seems designed to fool.  Most of the time, you earn a premium and you pay nothing.   But occasionally, you pay a lot.  The effect is larger, given the existence of kurtosis.  



 
  

Distribution 
of returns 
to putwrite 
index 

Presenter Notes
Presentation Notes
Consider the following figure that compares the daily returns to selling a put option and holding a long-term bond with the daily returns on the stock discussed earlier.  The stock market is shown in red, the unlevered short put strategy in blue, with the overlap in purple.  The put strategy return has a similar mean but much smaller variance.  It is highly concentrated at its mean.   Yet the outliers are about the same in both cases.  For very low stock returns, the put behaves like the stock with leverage.  However, unlike the stock, one is not taught to “expect the unexpected.”  The many positive low volatility returns, like the chicken, could lure one into believing in safety. Put selling data are from CBOE S&P 500 PutWriteIndex.The put index portfolio is composed of one- and three-month Treasury bills and of a short position in at-the-money put options on the S&P 500 index (SPX puts). The number of puts sold is selected to ensure that the value of the portfolio does not become negative when the portfolio is rebalanced.Put selling data is from CBOE S&P 500 PutWriteIndex.  Less leverage then just writing putsThe put index portfolio is composed of one- and three-month Treasury bills and of a short position in at-the-money put options on the S&P 500 index (SPX puts). The number of puts sold is selected to ensure that the value of the portfolio does not become negative when the portfolio is rebalanced.



Outliers 

Presenter Notes
Presentation Notes
Outliers were defined as daily returns with an absolute value above 3%. One might argue that those going short puts are sophisticated and don’t need to be taught this.  But there is a second, and deeper, notion in which put options reveal the chicken narrative.  Despite evidence to the contrary, investors believed in the lognormal distribution.  They ignored the uncertainty outside the model, and as a result, were unprepared when that uncertainty manifested.    Like the chicken, they relied on a model of the world that turned out to be wrong. Unlike chickens, however, we can learn.  



 

    

    

The chicken problem 

Writing an option illustrates the chicken problem in two ways: 

1. Their day-to-day payoffs represent the chicken before its neck is wrung 

2. Option traders were like the thoughtful chicken: they had the wrong 
model 

Presenter Notes
Presentation Notes
 One might argue that those going short puts are sophisticated and don’t need to be taught this.  But there is a second, and deeper, notion in which put options reveal the chicken narrative.  Despite evidence to the contrary, investors believed in the lognormal distribution.  They ignored the uncertainty outside the model, and as a result, were unprepared when that uncertainty manifested.    Like the chicken, they relied on a model of the world that turned out to be wrong.



 
CDX spreads 
– super-
senior 
tranche 

Presenter Notes
Presentation Notes
Distributions like the put options do not only occur in puts themselves.   Many accounts of the 2008—2009 crisis stress the role of credit default swaps.  Market participants use credit default swaps to insure against default of a single entity, like a large financial institution, and sometimes to insure against a basket of securities, like credit default swaps written on the ABS.   To illustrate my point, I am going to discuss one such index, the CDX, an index of credit default swaps.  Market participants wrote contracts, known as tranches, that paid off depending on how many constituents of the CDX defaulted.   The most super-senior of these tranches would only be affected if a large set of firms in the index defaulted.    This super-senior tranche is often referred to as a deep out-of-the-money put option on the overall economy.The figure shows the time series of spreads on the CDX.  Notice how spreads were in the single digits from the onset of data availability to mid-2007 at which point they climbed as highas 80 basis points, increasing 10-fold before 2008.  While variations in spreads are to be expected, these are part of the evidence that few even factored in the probability of an event like 2008.   Put options are the most sensitive instruments to the probability of the event.   Once again, steady returns on an asset that was a substitute for cash lured investors into ignoring risk.  Once again, an event outside of the model took market participants unawares.   Seo and Wachter, Do rare events explain CDX tranche spreads? Journal of Finance 73 (2018). The figure shows the time series of spreads on the CDX.  Notice how spreads were in the single digits from the onset of data availability to mid-2007 at which point they climbed as high Paper with Sang, Collin-Dufresne paperFrom paper with Sang [fill in citation]



    
      

 
    

     
      

Put options everywhere 

• Short-put payoffs prone to the chicken problem 
• The super-senior tranche on the CDX is an out-of-the-money put 

option on the overall economy 
• Equity =  call option written on the value of the firm 
• Debt =  Riskless bond + short put 
• Run dynamics associated with short-term debt can make this problem 

worse 

Presenter Notes
Presentation Notes
Equity is CFirm value is V = Equity + DebtDebt = V – CPut-Call parity: C-P = S-TbondS-C = Tbond –PBank deposits an example of short-term debt



 

    

    

The chicken problem 

Writing an option illustrates the chicken problem in two ways: 

1. Their day-to-day payoffs represent the chicken before its neck is wrung 

2. Option traders were like the thoughtful chicken: they had the wrong 
model 

Presenter Notes
Presentation Notes
One might argue that those going short puts are sophisticated and don’t need to be taught this.  But there is a second, and deeper, notion in which put options reveal the chicken narrative.  Despite evidence to the contrary, investors believed in the lognormal distribution.  They ignored the uncertainty outside the model, and as a result, were unprepared when that uncertainty manifested.    Like the chicken, they relied on a model of the world that turned out to be wrong. 



 
 

 

  

   
   

   

   
 

How do 
individuals 
think about 
the 
unexpected? 

Do people make explicit probability 
calculations in decision-problems? 

The evidence suggests not.  Even 
colloquially, expected means “what comes 
to mind,”  not a probabilistic statement 

Recent research turns to evidence on 
memory to understand expectations 

Presenter Notes
Presentation Notes
Perhaps we need a different way of thinking about finance and the unexpected.   The model that I started with suggests that individuals make probability calculations when they make decisions.  Researchers have long pointed out, however, that individuals fail at even the most straightforward probabilistic calculations.  Even colloquially, “the expected” often means “what comes to mind” rather than an actual calculation.  This is not to suggest that people do not use models, such as the Black-Scholes-Merton model, or the copula models widely in use for the CDX contracts.   Rather, they neither take these models seriously as true pictures of the world, not subjecting them to scrutiny that that would entail, nor do they form any conscious model, but rather make decisions based on what comes to mind.  



 
 

 
 

 
 

 

 
 

 

Core 
principles 
of memory 

Our 
memories, 
and thus 
our 
thoughts 
and beliefs, 
are driven 
by: 

Recency 

Similarity 

Temporal Contiguity 
Recency 
effect 
exacerbates 
the chicken 
problem 

Presenter Notes
Presentation Notes
A laboratory task well-designed to study what comes to mind is known as “free recall.”  Subjects are asked to memorize lists of words, and then repeat the words in any order they choose.  Decades of research on speed and accuracy in these tasks confirms three basic principles: recency, similarity, and temporal contiguity.  Recency means that you remember what you have seen recently, similarity means you have better memory for items that are similar to whatever you happen to be thinking about, and temporal contiguity implies you have better memory for items experienced close in time to a just-remembered item.    It is recency and temporal contiguity that will concern us today. Wachter and Kahana, A retrieved-context theory of financial decisions, Quarterly Journal of Eocnomics, 2024   

Presenter Notes
Presentation Notes
In the study of economics, we often seek to measure and to model this uncertainty. And the first step is typically a simplification.  We create a random variable  𝑥  to represent the uncertain outcome.  Note that we have replaced a multi-, potentially infinite-dimensional object with something that has a fixed number of dimensions, sometimes only one, with a  (sometimes) finite number of outcomes.   For the S&P 500 example, for instance, this is easily done as the return is a standardized measure though with infinite outcomes.   For the “outcome” of the trial, one can reduce a range of possibilities to a single bivariate outcome – a clinically significant effect or not.  For the range of principal-agent conflicts, this is much more complicated, but we will soon see a model that attempts to do exactly that.  Following statisticians, economists refer then to 𝐸  𝑥   as the expected value of the random variable.  Already, however, we are in a conundrum.  You flip a fair coin.  Do you expect heads or tails?  You could say that if you were flipping the coin ten times, you expect 5 heads.  However, for one coin, one outcome Is not more “expected” than the other.  If you paid $1 to earn $2 if the coin were heads and $0 if tails, then you could say that you expect to earn 0 on net from this gamble.   That notion of expected is consistent with the notation, however it has the arguably strange consequence that the expected never happens. For now, we can say that expected and unexpected may be a matter of degree.  We will also encounter situations in which colloquial usage of the term unexpected seems more in line with distance from a median or a mode and may sometimes be outside the model we are using for risk entirely. 



   

  
     

   
 

Evidence of recency in expectations of returns 

• Gallup investor survey (700 respondents, 1996—2012) 
• Graham-Harvey CFO survey (200 respondents 1998– present) 
• Many others 
• Survey expectations are well-explained (e.g., 𝑅𝑅2= 61% for Gallup) by 

returns over the past 12 months 

Presenter Notes
Presentation Notes
Economists have long noted the strong pull of recent events on expectations.  Recall that one of the questions was the return on the stock market.    Several long-running surveys capture beliefs about this question.  The Gallup survey asks respondents if they are very optimistic, optimistic, neutral, pessimistic, or very pessimistic.  Campbell Harvey and co-authors survey CFOs about their expectations of stock returns over the next 12 months.  The figure here shows the percentage of bullish and bearish.    The difference in this measure is nearly perfectly correlated with recent previous performance of the stock market.  Needless to say, this is not a good model for stock market returns.  If anything, stock returns in aggregate exhibit negative autocorrelation over the relevant horizons.  Recent events strongly influence the survey responses of these individuals.  Greenwood and Shleifer, 2014, Expectations of Returns and Expected Returns, Review of Financial Studies 27 (3) 714--746



 
 

 

Recency in 
expectations 
of stock 
returns 

Presenter Notes
Presentation Notes
Recall the problem faced by the chicken.  Even with no recency bias, it is difficult to infer the underlying distribution of events when faced only with data and with an incorrect model.  Difficult, but not impossible.  A little imagination might have helped the chicken.  However, if our beliefs are pulled toward recent events, that will make it difficult to have this imagination.  Source: Greenwood and Shleifer, 2014, Expectations of Returns and Expected Returns, Review of Financial Studies 27 (3) 714—746.  Figure shows the percentage of investors who are very optimistic or optimistic minus the percentage investors who are pessimistic or very pessimistic. 



    Older cohorts of asset managers rely less on 
recent experience 

Presenter Notes
Presentation Notes
There are some important caveats to recency.  Researchers have also shown that experience matters, both past and present.  Note that recency is a subset of experience, in that it is recent experience.  One 2009 study showed that experience moderates the effects of recency.  The authors studied asset managers’ holdings during the dot-com bubble.  They find that the dependence on past returns decreased, the older the asset manager. That is, younger managers tended to chase trends whereas older ones were contrarians. Greenwood and Nagel, Journal of Financial Economics 93 (2009) Panel A , Figure 9In each quarter, the authors regress change in holdings in technology stocks on age.  The figure shows the coefficients plotted against the returns in that quarter.  The higher the returns, the more likely it is younger managers investing and older managers dis-investing.  



  Early-life stock returns are not forgotten 

Presenter Notes
Presentation Notes
How does lifetime experience matter?  It turns out that the entire lifetime of experience matters.  Thus, older investors display much less of a recency effect.   This study has the remarkable conclusion that early life experience in the stock market is apparently never forgotten.   How does lifetime experience matter?  It turns out that the entire lifetime of experience matters.  Thus, older investors display much less of a recency effect.   This study has the remarkable conclusion that early life experience in the stock market is apparently never forgotten.   The importance of experience is a link between financial decisions that I have just shown you, and the relevance of free recall in the laboratory.  Because if experience matters, then memory matters.  And free recall is the study of memory.



     
  

    
    

     
    

       

Context model 

• Individuals’ thoughts and beliefs governed by an internal context 
• Information from the environment retrieves a context 
• Retrieved context depends on the features filtered through past memories: the 

individual retrieves past contexts in which similar features were experienced 
• Retrieved context averages with past context to form current context 
• Current context determines what pops to mind 
• The current features – either real or imagined -- are encoded into memory 

Presenter Notes
Presentation Notes
Temporal contiguity says that memory is better for a just-remembered item.  Temporal contiguity is the observed signature for mental context.  It is very hard to explain temporal contiguity without context, and it is hard to have context without temporal contiguity.      Mental context explains both why we struggle to remember while at the same time accounting for the fact that memories are never truly lost.    It can explain results such as these in which long run experience matters.   Moreover, it has another set of implications, relevant to what we are talking about.  It suggests that associations help determine individuals’ responses to situations.   A situation in one context may elicit a different response than if one is in another context.   Also, if underlying mental associations change, then so too will decisions.  



 

     
 

Explaining why some individuals invest 

• How to invest and how much are some of the most important decisions an 
individual can make 

• A 90th  to 10th  percentile difference in stock market  performance over  the 
lifetime  implies  an average  difference  in participation  of 10 percentage  
points 

• This effect is of comparable size to anything else known to influence 
household participation (for example, income and education) 

Presenter Notes
Presentation Notes
The literature then turned to the role of experience overall.  Researchers showed that lifetime experience is a major determinant of whether an individual chooses to invest in the stock market at all.   A 10th to 90th percentile difference in stock market performance over the lifetime implies an average difference in participation of 10 percentage points, compared with an in-sample mean of a 34 percent participation rate.  Similar results hold for how much individuals invest, along with other important decisions, such as how much to save versus consume.   Malmendier and Wachter Memory of past experiences and economic decisions, forthcoming in Oxford Handbook of Human Memory. 



  

       
   

     
    

    
   

Evidence from experiments and surveys 

• Professional traders required a higher premium to take the same bet 
after the financial crisis as compared with before 

• Professional traders who are presented with crash risk scenarios 
require a greater premium to take a bet 

• Subjects who watch a scene from a horror movie require a greater 
premium to take a bet as compared with those that don’t 

Presenter Notes
Presentation Notes
A set of findings relevant to financial data reflect these results.  One study examined risk taking in an experiment for the same set of individuals before and after the crisis.   That is, the authors had a set of participants from before the crisis, and they called upon them again afterwards.   They found that these participants, who were professional traders, required twice the premium to accept a bet following the crisis as before.    The people were the same, the bets were the same, but the associations had changed.   Another set of authors experimentally manipulated context by presenting study participants, who were professional traders, with scenarios involving a normal trading day versus a stock market crash.   They then were presented with risky bets with various degrees of return.  Those presented with the crash required a higher premium to accept the risky bet.  Finally, the same study that examined traders before and after the crisis also performed an experiment in which undergraduates watched a scene from a horror movie.  Those who watched the scene required a 50% greater premium to invest than those that did not.  The crash simulations and the horror movie both represented context manipulations that affected behavior.   Ultimately understanding the unexpected in finance means grappling with the unexpected in human decision-making.  I believe that research in memory offers one path forward.Guiso et al., Time-varying risk aversion, Journal of Financial Economics 128 (2018).Cohn et al., Evidence for countercyclical risk aversion: An experiment with financial professionals. American Economic Review 105 (2015).



 
     

   
  

  
   

    
  

Summary 

• Individual stocks exhibit positive skewness 
• This skewness is diversifiable; requires equity issuance and hence 

amelioration of moral hazard through regulation 
• Aggregate market exhibits excess kurtosis; measurement problems 

mean we don’t know how much 
• Put option pricing subject to “the chicken problem” 
• Recency bias makes the chicken problem worse 
• Lifetime experience, associations, and context matter 

Presenter Notes
Presentation Notes
 To bring this back to where we started, we saw that individual stock returns exhibit positive skewness that is diversifiable.  This requires markets, and specifically public equity issuance, which requires the amelioration of moral hazard – something regulation can accomplish.  The aggregate market is still risky, and how risky exactly is not something we will be able to know; we do know that it is not well-described by a normal distribution.  Besides heavy tails, it is negatively skewed, implying that negative events tend to go together.  Finally, option prices reflect these heavy tailed returns, though they did not always, reflecting another source of uncertainty – uncertainty in models.  And models are important -- judging the future purely by past events without understanding leaves us exposed to the chicken problem.  We can be lured by a safe time series into thinking that nothing bad will happen; we can also be lured into believing a model representing safety is correct if we are not willing to consider alternatives.  If our beliefs are confounded by recency bias, this will be difficult, and research shows that recent events, especially if they are noticeable (like stock returns), do inform beliefs or at least survey responses.   But a closer look shows that the entire lifetime of experience matters, paving the way for a memory-based model.  



Closing thoughts 

Presenter Notes
Presentation Notes
Consider once more the individual stock.  The aggregate market is a collection of stocks, and the positive returns that we all experience are returns that emerge from this kind of positive skewness, so the unexpected is not something we want to eliminate.   This figure shows the aggregate buy-and-hold return for the US and for selected other countries. While daily returns on the aggregate market are negatively skewed, the distribution of long-run returns is highly positively skewed.   $1 invested grows more than 4-fold (even adjusting for inflation). This is a remarkable success story that would have, I believe come entirely as a surprise back in the 1920s.  What is truly the unexpected in financial markets is the performance of the stock market over the last 100 years.   As I mentioned, this performance is an aggregate reflection of many different risks combined.   The idea that one might give a risky venture money and expect to be paid off is surprising, but it is regulation that controls, for example, the moral hazard problem, that makes this possible.  Decades of research have failed to account for this based on standard methods of risk.  Rather it appears that this was a continuous surprise.  It is a remarkable story, and an unexpected one, that reforms set up in the 1930s and 40s, would have worked so well in allowing capital to grow.  van Binsbergen et al., Is the United States a lucky survivor?, Working paper, 2023.  In the long run, skewness in market returns is positive, not negative.  the unexpected was this positive event, that a regulatory regime stood up in the 30s and 40s would work so surprisingly well.  Our job is to take this great legacy and continue it.   
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