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I wish to address the listeners to today’s talk in three of your capacities: as social scientists, as individuals who are saving for long-term goals and as teachers.  The basic question I will discuss is what will the stock market do over the next 20 to 40 years?  I want to report on the current academic dispute on how the market is likely to behave; this theme of the talk will reveal the surprisingly large extent of social scientists’ ignorance on a very important issue.   The academic dispute is extremely relevant to everybody in this room in our capacity as people who need to save for long-term goals, such as sending our kids to college and paying for our retirements.  It turns out that giving a comprehensible account of the dispute is difficult, and that leads to the final capacity in which I invite you to receive my talk, as teachers.  In my corporate finance class I have tried to come up with a better way of explaining a complicated story than the conventional text book approach, and I’ll report on some of what I’m doing this afternoon. This work was partly supported by a grant from Initiative 5 this summer.  

An integral part of this talk are these Excel workbooks:

RetirementSimulation.xls

StockSimulation.xls

I also used data on long-run stock performance from Robert Shiller, which is in ShillerData.xls and ShillerPEData.jmp.

So, how will the stock market perform over the next 20 to 40 years?  The conventional answer is that the stock market follows a random walk, on average moving upward at a rate of something like 7 to 9 per cent per year above the rate of inflation or 5 to 7 per cent above the return on a very safe asset like Treasury bills (the 5 to 7 per cent differential is called the “equity premium”).  However there’s a great deal of variability in the upward march of the stock market, with a standard deviation of perhaps 20 per cent per year. An important part of my job as a corporate finance teacher is to try to explain exactly what the last few sentences mean. The Excel workbooks I will show you implement Monte Carlo simulations designed to assist in that task.  Two important morals follow from the conventional story.   First, it turns out that this answer makes the stock market an extremely attractive proposition for the long-term investor.  Second, and paradoxically, even if the conventional wisdom is true, it turns out that your nest egg is more variable than you probably think it is.  I’ll try to explain both points with the assistance of simulations.  

Alas, the conventional wisdom has been sharply challenged by a combination of real world data, careful econometrics, and provocative economic theorizing.  The resulting amendments or wholesale revisions contain both pessimistic and optimistic messages for the investor, though on balance I think the message is pessimistic.  I’ll simplify matters considerably by dividing the challenges into two main strands:

(1) Past trends are too good to last:  stocks will not outperform inflation and other financial assets by anywhere near historical margins.  The equity premium I talked about has shrunk. This would be bad news: stocks are not such a great deal, and you’ll probably have a less comfortable retirement than you thought you would.  A bit of good news is that the risk-less interest rate may have risen while the expected return to stocks has fallen.  

(2) Stocks don’t follow a random walk.  Rather, they exhibit mean-reversion, which means that a period of extraordinary returns is likely to be followed by a period of mediocre returns and vice versa.  The news here is mixed.  On the one hand, since the 1990s saw an amazing run-up in stock prices, the near-term may be quite bad.  On the other hand, this view implies that over the long-term there is less variability than in the conventional story, meaning that your nest egg is more secure than it would be under conventional wisdom.  

These claims are not mutually exclusive.  Furthermore, barring significant advances in economic theory, it may well be that we won’t know if these claims are valid before we are all retired.

In what follows, when I say stocks, I mean a diversified portfolio of stocks.  The historical data on stocks I will be using comes from value-weighted indexes like the S&P 500, a portfolio representing roughly 80 % of the value of the entire stock market.  (Value weighted means that dollar values in the portfolio correspond to the market value of the stocks.  For instance, in early fall 2001 General Electric was worth about $385 billion dollars, or 4.1% of the entire S&P 500, which had a market value of $9.4 trillion.
) All of you should hold diversified portfolios, but that’s a story for another day.  

The Conventional Wisdom

There are two main pillars to the conventional wisdom.  First, past history is a good guide to the future.  Thus, the historical average return is a good estimate of the returns we expect in the future. The justification for this view is, I think, that the behavior of past returns depends on 1) individual preferences about risk and the tradeoff between present consumption and future consumption and 2) the structure of financial markets and 3) the pace of technological change.  The default assumption for most economists is that all three of these haven’t changed much.  Notice that it’s quite possible that all three of these elements that go into determining stock returns have indeed changed a lot. 

Second, stock returns follow a random walk with drift.  This statistical claim means four things: First, the return to stocks this period is independent of the return to stocks last period. Second, the expected return or drift for stocks is constant.  Third, the “drift” is an upward trend.  Fourth, the random walk can be a wild ride: even though stocks in general rise, terrible years like the past two are fairly common.  

The random-walk hypothesis follows as a special case of an economic theory, the efficient markets theory.  That theory is based on the idea that the current stock price of a company incorporates all available information about future cash flows emanating from the company.  The stock price changes only when new information about future prospects arrives.  By definition, new information must be independent of past information; otherwise it wouldn’t be new.   Thus the change in the stock price is uncorrelated with what happened in the past.  

What determines the price of a company’s stock in efficient markets theory?  Rational investors use all available information to make their best possible estimate first, of future earnings (roughly speaking, profits) and second, of the risk of the particular company’s stock relative to the risk of the market as a whole.  When you buy a share of a corporation’s stock you are in essence purchasing a share of its future earnings, or, more precisely its future dividends and other payments to shareholders.  To take a grisly but currently relevant example, news of anthrax terrorism has pushed estimates of Bayer’s future earnings higher and therefore its stock price has risen; news that the government is broadcasting information about alternatives to Cipro will likely push the stock price down.

The efficient markets theory says nothing about how big is the drift, i.e. how fast stocks are expected to rise on average, nor about how much variation there is around the upward trend.  Theories of consumer choice over time argue that in compensation for risk, that is the variation in actual returns, stocks ought to provide an expected return higher than securities like Treasury bills, which have very little risk.   

For estimates of the size of the risk premium, economists generally look at the historical data. Below is a graph of how the market performed between 1871 and the end of 2000, after removing the effect of inflation.  Specifically, the chart shows what would have happened if you had invested one dollar in the market portfolio at the beginning of 1871 and reinvested the dividends.  
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This graph is in logarithmic scale, which means that vertical distances correspond to percentage, rather than absolute increases.  Here’s what I see in this picture:

(1) Incredible growth. Even after taking into account inflation, your investment would be worth 9,265 times as much 130 years later.

(2) Over the long term, a fairly constant rate of percentage increase.  

(3) However, over shorter periods, a great deal of variability.

(4) Periods of especially fast growth and other periods of decline and stagnation.

A more detailed picture of recent events is contained in this graph, which isn’t adjusted for inflation and is on a regular scale:
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To drive home the point about the variability, here are annual total returns in percentages to the S&P Composite since 1920:

[image: image3.wmf]Annual Total Returns on the S&P Composite

-60%

-40%

-20%

0%

20%

40%

60%

1920

1940

1960

1980

2000

Year


The recent crash doesn’t show up well on this picture: it’s a little hard to see the 8.6% real drop in the index in 2000 and 2001, which will probably be much worse (the S&P 500 is down almost 17% for the year), isn’t yet finished.
  [August 2002: I have yet to update this graph.]

The average percentage return over the 130-year period from 1871 to 2000 works out to 8.82%.
  The standard deviation is 18%.  One way of putting these results is that on average stocks have returned 8.8% a year give or take 18 %. Over just about the same period, the real (inflation-corrected) interest rate on safe, short-term bonds has averaged 2.9% per year.  The difference in long term averages works out to just shy of 6% per year.   This latter differential is often called the equity premium or the risk premium to denote the extra return that stocks have achieved over risk-free (or close to risk-free) assets.  The equity premium is regarded as the compensation that owners of stock receive for bearing greater risk.  

The conventional wisdom is that stocks will continue to either outperform inflation or safe bonds over the long term at the same rate as the historical average.  Jeremy Siegel found that since 1802, the gap between stocks and inflation has remained fairly constant, while the equity premium was lower in the 19th century than in the 20th.  Many finance professors seem to think that the equity premium will remain constant.
  Nobody believes that long-term nominal stock returns will stay constant.   

Let’s see what the conventional wisdom says about the variability of your nest egg. We’ll work with real rather than nominal returns.  Suppose you invest $100 today into the stock market and wait for 20 years, reinvesting dividends along the way.  We won’t worry about taxes (wouldn’t that be nice?).  How much money will you have?  The random walk theory and conventional wisdom make it very easy to quantify what you should expect on average and how much uncertainty there is in this estimate.  We can use Monte Carlo analysis to simulate the process of stock returns.

Turn to the Saving worksheet in StockSimulations.xls.  Each year is like the roll of a continuous pair of dice.  The realized rate of return follows a normal distribution centered on 9.5% with a spread of 18%.  Initial wealth is $100.  If the first year’s return is 10% and the second year’s is –20%, your money grows first to $110 and then declines to $88.  

The Simulation sheet repeats this simulation as many times as you wish in a Monte Carlo experiment.  I’ll run 1000 repetition experiments to save time in this talk.  

There are several interesting questions you can answer with this simulation.    For example, how does the spread of returns depend upon the length of time over which you save?  
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Turn now to the Retirement.xls workbook.  This workbook contains two worksheets designed to illustrate the process of saving for retirement. The Retirement worksheet illustrates how retirement accumulation and annuity values are determined. The Monte Carlo sheet illustrates the range of possible outcomes given assumptions about asset returns.

You can choose the following parameters:

(1) Your current age.

(2) The age at which you expect to retire.

(3) Your life expectancy.  The model is inflexible--if you choose 85, it assumes you will live exactly that long. Your life expectancy minus the retirement age determines the number of years of retirement and therefore how long your savings must last.

(4) The current accumulation in your retirement account (in thousands).

(5) The rate at which you are saving for retirement.  Wabash College, for example, kicks in 10% of it's workers' salaries.  Employees can contribute up to 15% in supplement retirement annuities.  

(6) This simulation assumes you have access to only two types of investments: a stock account and a risk free account, e.g., an inflation indexed bond account. The stock allocation parameter is the fraction of your retirement portfolio that you put into the stock account,  The rest goes into the risk-free account.  

(7) You can select the average return to stocks and the standard deviation of returns.   Remember that you ought to have this worksheet deal with real, as opposed to nominal, returns.  

(8) You can also select the return to the inflation-indexed account.  Since the real return is constant, the SD is zero.

(9) Finally, you can choose the number of repetitions in the Monte Carlo analysis.

(10) Your current salary.

(11) The rate at which you assume your salary will grow in real terms.  

To take into account the fact that contributions occur throughout the year, the model assumes that contributions to the stock account  made during a given year earn half the return (positive or negative) of the stock account.  

As it's currently implemented, this model doesn't allow you to change the rate at which you save for retirement at different points in your career nor your allocation between risky and risk-free assets.

The histogram presents the distribution of final accumulations in 5% intervals.  

Challenge Number One:  Past Trends are too good to last

There are two strands to this challenge.  First, some economists have argued on theoretical grounds that the historical gap between stock returns and treasury bills is much higher than the risk premium we can expect going forward. Second, many economists have argued on both empirical and theoretical grounds that the stock market of the late 1990s was in the throes of a speculative bubble, and that the resulting sustained bear market of the past two years may last a while longer.  

The Risk Premium is Too High

The theoretical argument on the risk premium is based on a model of a representative agent maximizing her expected utility.  That argument is too involved to present here, but the basic idea can be conveyed with the Simulation sheet.  A recent development in financial markets is the introduction of Treasury Inflation Protected Securities, whose interest payments and principal are indexed to inflation.  TIPS in essence provide a guaranteed real rate of return, and thus are the safest financial asset around.  TIPS have recently sold to yield a 3.5% real return.  An obvious comparison to make is between TIPS and our stock portfolio with an expected real return of 9.0%.  This is a risk premium of 5.5% rather below what most people believe it has been historically.  If you invest $100 in TIPS for a 20 year period, you’re guaranteed to have $201 at the end of 20 years.  Your money has just bout doubled.  Here are the Monte Carlo results:

[image: image6.wmf]Asset

Portfolio Weights

ER

SD

Stocks

0%

7.0%

18.0%

Minimum

201

$          

 

Risk Free Asset

100%

3.5%

0.0%

5

201

$          

 

Initial Wealth

100

$                       

 

10

201

$          

 

Length

20

15

201

$          

 

Repetitions

1000

20

201

$          

 

25

201

$          

 

Mean

SD

30

201

$          

 

Wealth

201

$                       

 

-

$        

 

35

201

$          

 

Average Return

3.5%

0.0%

40

201

$          

 

45

201

$          

 

50

201

$          

 

55

201

$          

 

60

201

$          

 

65

201

$          

 

70

201

$          

 

75

201

$          

 

80

201

$          

 

85

201

$          

 

90

201

$          

 

95

201

$          

 

100

201

$          

 

Final Wealth Percentiles

Results

Empirical Histogram for 1000 Repetitions

0

50

100

150

200


Compare this outcome to the previous Monte Carlo experiment for 20 years.  Most people would be willing to take the risky stock bet if they were offered a choice between the two alone.  Of course, you can adjust the fraction of your portfolio invested in each of the two assets to find the combination you’re most comfortable with.  

The Speculative Bubble

The best known exponent of the speculative bubble description of the stock market is Robert J. Shiller, a professor of economics at Yale and the author of Irrational Exuberance, published in 2000. 

Shiller’s statistical argument can be summarized by the following graph:
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The year 2000 doesn’t show up at all on this graph.  It’s way off to the right.

His economic argument is the following:  too many investors do not act rationally for market prices to always operate according to the efficient market theory.  Psychological studies show that people suffer from systematic biases in making investment decisions.   Speculative bubbles can ensue.  Many factors at the end of the 20th century combined to drive up popular enthusiasm for all stocks—not just dot com firms.  

If the risk premium has in fact fallen, this is bad news for investors. The theoretical consequences of a several-year decline in the equity premium for stock returns are two-fold.  Suppose the equity premium falls from 7% to 5%.  First, stock returns are greater than average than 7% then after the decline has ended, stock returns settle down to 5%.

Challenge Number Two: Stocks don’t follow a random walk

The basic idea here is that stocks display mean reversion.  That is, if they do better than average over some long period, they will probably do worse than average over a succeeding period, and vice versa.  Actual returns revert to the mean.  If stocks do follow a mean-reverting process than we’d expect the rate of return to be less variable than would be predicted by the conventional model.  

Jeremy Siegel has summarized evidence for mean reversion (Siegel, 3rd edition). He shows that historical standard deviations for stock returns for different holding periods do not follow the pattern predicted by the random walk theory.  We saw earlier that as the holding period quadruples, the SD of average returns should fall in half.  In fact, Siegel found that the empirical SD has actually fallen more quickly.  

The difference between a mean-reverting stock market and the conventional version can be explored using the MeanReversion.xls workbook.

With the same monthly SD and roughly the same annual SD, a mean reverting market produces less variable outcomes as a conventional market.  (How much less variable depends on the underlying model and its parameters.  I won’t explore the model in this paper.
)

Observe first the Compare worksheet.  In this worksheet, five possible scenarios are presented at a time.  In each scenario, the expected return is 0.76% per month (which translates to 9.5% per year with monthly compounding) and the monthly standard deviation is set at 5.2% (which implies an annual standard deviation of 18% in the Conventional scenario).  The scenarios last for 240 months, or 20 years.  You can switch back and forth between the Mean Reverting case and the Conventional case. 

The Compare worksheet demonstrates two important ways in which the Mean Reverting and Conventional cases differ from each other.  First, in the Mean Reverting scenarios, a run of good luck is likely (though by no means certain) to be followed by a run of bad luck, and vice versa.  On the other hand, in the Conventional scenarios, continuations of good luck are just as likely as reversals of luck. Second, as a consequence, the Mean Reverting scenarios don’t bounce around as much as the Conventional scenarios.  You are less likely to see really terrible or really terrific scenarios in the Mean Reverting case than in the Conventional case.
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Figure **a: Five Mean Reverting Scenarios: Prices over Time.
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Figure **b: The same five Mean Reverting Scenarios: Second Half Performance versus First Half performance, measured by percentage returns.

In the mean reverting case, a scenario that does better than the median scenario over a ten-year period can fairly reliably be predicted to do worse than the median scenario in the next decade.    This is illustrated in Figure **.   Scenario B was the best performing over the first 10 years; the total return was about 374%; however, the next decade was a disaster for Scenario B, with a total return of –20%.  Scenario A followed a similar, though less extreme trajectory:  terrific first-decade performance followed by lackluster second-decade returns.  Scenarios D and E experienced the opposite type of reversal.  Both of these scenarios, which had seen lackluster returns of less than 100% in the first decade, roared back in the second decade.  The exception to the general trend of mean reversion was scenario C, which did pretty well in both decades and so ended on top by a wide margin.

In the conventional case, no such prediction can be made.  The fact that a given scenario has done well in the first 10 years does not give us any idea how well it will perform in the next 10 years.  

Let’s translate this into deductions we might make about the world we actually live in, one in which we are witnessing a single scenario. If we live in a mean-reverting world, then the 1990s boom was quite likely to be followed by a bust.  If we live in the conventional world, an ongoing boom in the first two years of the 21st century was just as likely as the brutal bear market we’ve actually experienced.  

******************

The fact that the simulated market in MeanReversion.xls is mean-reverting shows up in two ways.  First, in our simulation, the SD for different periods falls more quickly than would be the case for the independent random walk.  Second, if the market does better than expected in the first half of the simulation, it generally does worse than expected in the second half of the simulation, and vice versa.

The crucial comparison is this.  With the same expected return and annual SD, the mean-reverting stock market it much less risky than the conventional market.

Optional: details on the mean reverting model.

Conclusion  

I decided on the title for today’s talk to try to attract the investor in you.   
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Useful Web Sites

http://www.tiaa-cref.org/charts/ra-performance.html and other pages on this site.

� According to Standard & Poors on September 28, 2001.  See � HYPERLINK "http://www.spglobal.com/indexmain500_data.html" ��http://www.spglobal.com/indexmain500_data.html�.  GE’s market capitalization was $387 billion on October 17; its market price was $37.43.  On September 28, 2001 its price was $37.20.


� As of Oct. 16, 2001, TIAA-CREF’s flagship index is down 18% this year to date and 28% for the past twelve months. Over the past five years the CREF Bond account has actually out-performed the CREF Stock account, though the Equity Index account has done better than both. See


� HYPERLINK "http://www.tiaa-cref.org/charts/ra-performance.html" ��http://www.tiaa-cref.org/charts/ra-performance.html�. 


�  Campbell (2001) quotes Siegel, who finds for a slightly shorter period (1871 to 1997) an arithmetic average real return of 8.5% and a geometric average of 7.0% for the same period. The difference between geometric and arithmetic average is displayed in the GeometricVsArithmetic worksheet.


� Brealey and Myers (2000), p. 161 for example gives a range of 6 to 8.5 percent and say “We are most comfortable with figures toward the upper end.


� See Carlson and Pelz (2000).


� The model is based on {Fama, 1988 #1132}.
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