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� Harry Markowitz, “Portfolio Selection,” 1952

� Seminal work on risk and return; introduced the concept of correlation and 
covariance

� Presented the idea of the “efficient frontier” of optimal investment
� This frontier maximized expected return for a given level of standard 

deviation of return
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Portfolio average return depends on the portfolio 
weights and average returns of each stock

Portfolio variance or standard deviation depends 
on the portfolio weights and the variance and 

covariance of stocks’ returns

“Modern” Portfolio Theory
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James Tobin and the Separation Theorem, 1958
Said the problem of “optimal” investment could be broken down into two elements: (1) an optimal 
combination of risky securities and, (2) the borrowing or lending of money at the risk free rate
The “efficient frontier” then becomes a single portfolio of risky securities plus lending or 
borrowing.  This would dominate any other combination.

William Sharpe, The Capital Asset Pricing Model (CAPM), 1964
Delineated between systematic risk (the risk of being in the market) and unsystematic risk (company  
specific risk)
Since unsystematic risk can be diversified away, Sharpe argued in CAPM that a portfolio’s expected  
return hinged solely on its systematic risk, or “beta.” Beta was defined as a portfolio’s sensitivity to 
variability in the market.

“Modern” Portfolio Theory (cont’d)

2



� CAPM assumptions:
� All investors share the same outlook for the future behavior of the stocks in 

the market.
� All investors have the same investment horizon.
� They are all seeking mean/variance efficiency.
� One can borrow or lend unlimited amounts at the risk free rate.
� One can sell short unlimited amounts of stock with no cost or penalty.

CAPM Conclusion: Above-market expected return requires above-market risk.

� If the assumptions for CAPM are not satisfied, there is no reason to expect the 
conclusion to hold. Therefore, there is no theoretical impediment to 
creating a portfolio with market risk, but above-market expected return.

These assumptions allowed Sharpe to argue mathematically that the market 
portfolio, as represented by the S&P 500, was a mean/variance efficient portfolio.

This fuelled the move to indexing and passive management.

“Modern” Portfolio Theory (cont’d)
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� Something Was Amiss

� Tobin argued that an “optimal” combination of risk securities, plus borrowing 
and lending, would dominate all other combinations along the efficient frontier.

� Sharpe and others extended the idea by asserting that the market portfolio 
represented an “efficient” combination of risk securities. This led to a critical 
misunderstanding that persists to this day.

� The S&P 500 Index construction

� CAPM assumptions were significantly divergent from observed reality. They 
were normative in nature as opposed to descriptive.

“Modern” Portfolio Theory (cont’d)
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� In June of 1991, Harry Markowitz gave his first major address since returning from 
Stockholm with a Nobel Prize in Economics that was shared with Bill Sharpe and 
Merton Miller.
� At the Pension & Investments conference in Washington, D.C., Dr. Markowitz asserted that 

the market portfolio was unlikely to be an efficient portfolio.

� He said a distinction should be made between an efficient market and an efficient portfolio. 
The terms are often used synonymously because of the assumptions underlying CAPM

� The floor of the NYSE may be “efficient” in an equilibrium sense, but the “market 
portfolio” is constructed by matching the portfolio weights with the capitalization weights of 
the stocks in the index. No consideration is given to covariance, the critical element in 
Markowitz’s theory. Such a portfolio is very unlikely to be mean/variance efficient, i.e., to 
have the highest return for a given level of risk.

The Return from Stockholm

Therefore, there is no theoretical impediment to creating a portfolio 
with market-like risk and above-market expected return
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� Consider a hypothetical stock, which either doubles or halves in price each year, with equal 
probability.

� In a good year, the stock price doubles, so the return is +100%.
� In a bad year, the price halves, so the return is –50%. 
� The expected annual rate of return, α, is therefore:

The rates of return are hypothetical and do not represent the returns of any particular investment.

A$100
A$200

A$50

Rate of Return: A Misleading Quantity?
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� After many years, we expect that about half the years will be good (doubling) and half 
the years will be bad (halving).

� Over the long term, therefore the stock price will be fairly flat.

� The long-term growth in capital is zero if the stock doubles and halves with equal 
probability.

� In fact, the chance that the stock price achieves anywhere near a 25% annual rate of 
return becomes vanishingly small in the long term.

� Q: How do we resolve this? 

  � A: Use growth rates instead.

The rates of return are hypothetical and do not represent the returns of any particular investment.
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Rate of Return in the Long Term
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The growth rate, γ , is the geometric return rate (or compound growth rate). This arises 
from the logarithmic point of view, and is a better indicator of long-term behaviour 
than the rate of return. 
To relate the rate of return, α, and the growth rate, γ, one needs to use stochastic 
calculus and continuous logarithmic returns. It turns out that

2
2
1 σ γ α+ =

The rate of return exceeds the growth rate by one-half the variance

2
2
1 σ α γ− =

The growth rate is less than the rate of return by one-half the stock variance

Rate of Return and Growth Rates
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Stochastic Portfolio Theory and Stock Market Equilibrium
The Journal of Finance, May 1982 

E. Robert Fernholz, Ph.D. and Brian Shay 

� Created a mathematical description of how stocks and portfolios behave
� Focused on stocks’ and portfolios’ growth rates, which correspond to their long-term returns

Stochastic Portfolio Theory

Portfolio Growth Rate

Portfolio Growth Rate  =
Weighted Average 
Stock Growth Rate +

Excess 
Growth Rate

∑
n

i=1
π

i
=γ γ

i
+ γ *

� Robert Fernholz, Ph.D., Mathematics (Columbia)
� Taught statistics at Princeton in the late 1970s
� Consulted with Markowitz – option pricing
� Approached portfolio theory from the perspective of a pure mathematician
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Weighted Average 
Stock Variance
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Excess Growth Rate

Portfolio Excess Growth Rate

� Excess growth depends on the portfolio’s weights, and stocks’ variances and covariances. It does not depend 
on stocks’ growth rates.

Conclusion: seek relatively volatile stocks with low correlation.
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PASSIVE
PORTFOLIO

Excess Return = A$112.50
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� Passive portfolio produces no net gain.  
Stocks have volatility, but opportunity to 
generate excess return has not been 
captured.

� Enhanced Investment Technologies applies 
its mathematical formula to establish 
potentially more efficient weights. Dynamic 
process of maintaining and re-establishing 
those weights produces the potential excess 
return. 

Rebalance

STOCHASTIC PORTFOLIO THEORY
PORTFOLIO
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No Excess Return

Criteria for hypothetical illustration: two-stock portfolio, perfect negative correlation, each move by a factor of two.  Mathematically, a 
50%/50% target weighting for a two-stock portfolio with similar growth rates maximizes ending wealth. The hypothetical illustrations shown 
are provided to demonstrate Enhanced Investment Technologies’ trading process. Trading costs and other expenses have not been considered.

How the Process “Captures” Volatility
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� Stochastic Portfolio Theory is a new framework for

� Portfolio construction
� Analyzing portfolio behaviour
� Understanding the structure of equity markets

� Stochastic Portfolio Theory

� Introduced the growth rate vs. rate of return
� Logarithmic representations simplified analysis and theoretical development
� Employed no fundamental data and required no estimate of future rates of return
� Returns were the only required input; covariance the only estimate
� Established targets for γ* while maximizing information ratio

Stochastic Portfolio Theory

The excess growth rate proves that there is 
value in managing risk in a portfolio.
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Re-weight the index to a potentially more efficient combination.

Step #4:  Potentially More Efficient Portfolio

                                                 • Active weight collars

                                                 • Beta constraints

                                                 • Portfolio and/or market cap constraints

                                                 • Maximize information ratio

Rebalance and re-optimize regularly.

                                                 Risk Controls May Include:

Step #3:  Mathematical Process

Benchmark Index

Step #1:  Initial Investment Universe

Analyzing relative volatility and correlation, we attempt to build a more efficient portfolio.

Stocks less than 1 basis point in the index are excluded

Step #2:  Stock Screen

Robust and resistant statistical techniques are employed using proprietary models.

Investment Process

Investment Philosophy

Volatility Capture
Enhanced Investment Technologies
does not pick individual stocks or
forecast stock alphas, but uses natural
stock price volatility and correlation
characteristics to attempt to generate an
excess return. Essentially, Enhanced
Investment Technologies adjusts the cap
weights of an index portfolio to
potentially more efficient combinations.

Risk Managed
Risk management is at the heart of    
Enhanced Investment Technologies’
investment process.
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Enhanced Plus - Inception: 1/7/1987 

Achieving a stable tracking error within the targeted range over the long term 
provides support for Enhanced Investment Technologies' ability to reasonably   
estimate covariance in a risk controlled framework.

 Enhanced Investment Technologies Enhanced Plus Strategy

*Gross of fees, annualized long term. Rolling periods calculated monthly. 
Tracking error is Enhanced Plus relative to the S&P 500 benchmark. Data reflects past performance, which cannot guarantee future results. 

Long-term tracking error target*: 2.00% - 2.25%

Risk Considerations – Covariance Stability
As of March 31, 2009
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What To Look For
As of December 31, 2008

Annualized Annualized
Inception Excess Tracking Information T One Tail

Date Return Error Ratio Statistic Significance

Manager A - Enhanced : S&P 7/1/1987 1.63% 2.03% 0.80 3.72 0.01%
Manager B - LC Growth : S&P 7/1/1993 4.82% 4.51% 1.07 4.22 0.01%
Manager C - LC Value : S&P 7/1/1993 2.31% 4.28% 0.54 2.13 1.74%
Manager D - Enhanced Index: S&P 4/1/1998 1.45% 1.71% 0.85 2.79 0.31%
Manager E - LC Core : S&P 8/1/2001 2.82% 3.02% 0.94 2.56 0.61%
Manager F - Global Core 1/1/2005 3.22% 2.59% 1.26 2.51 0.77%

Hypothetical:

The One Tail Significance is the estimated probability that pure luck would produce the portfolio’s
observed alpha or better.

A good a priori reason for thinking an investment process should work combined with a low one tail
significance should provide a high degree of confidence to investors. 
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Why Information Ratio Matters
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A manager with an Information Ratio of 1.0 has a 95% probability of exceeding its benchmark 
in 3 years, compared to 30 years for a manager with an Information Ratio of 0.3.

Data obtained from simulations, assuming relative returns are normally distributed and uncorrelated. Source: Enhanced Investment Technologies.
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Don’t Be Fooled By Randomness

� Consider a good investment process, with an information ratio of 1.0 and 
uncorrelated year-to-year relative returns:

Which probability is the one to use?

The probability that a randomly chosen 3-year 
interval will have a negative relative return. 4%

The probability that there will be at least one 36-
month rolling negative relative return in 20 years. 61%
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The Great Debate: Passive vs. Active Management

• Low cost   • Potential for above-market returns (alpha)

• Implementation Efficiency (low turnover, trade costs, liquidity) • Potentially more efficient portfolio than passive

• Transparency • Opportunity to avoid market fads, whims, etc.

• Consistency of returns (you get the market) • Can be critical in low nominal return environment

• Difficult to beat net of fees (it is the average) • Contribution to finding “intrinsic value” in stocks    

• No tracking error • Compounding positive relative returns can be a powerful 
advantage over the long term

• Little career risk

Active ManagementPassive Management
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The Power of Compounding in Positive Space

$100,000,000

$700,000,000

$1,300,000,000

$1,900,000,000

0 5 10 15 20 25 30

Years

8.00% 9.00% 10.00%

Hypothetical Growth of A$100 Million 

For 30 Years at 8.00%, 9.00% and 10.00%

Rates of return are hypothetical and do not represent the returns of any particular investment. 

A$1.7 Billion

A$1.3 Billion

A$1.0 Billion

� The power of compounding can be realized by identifying an active manager
that has a high probability of providing incremental excess returns over the
long term – in other words compounding in positive space.

 A

 A

 A

 A
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What To Look For in Selecting A Manager

� Information ratio is a measure of efficiency in an active strategy.
� The information ratio typically decreases with increasing aggressiveness.

� Aggressiveness can be dangerous.
� Long-term relative return can be affected negatively when “compounded in negative space.”

� There are some a priori reasons for thinking that an investment process should 
work.
� Solid theoretical foundation explaining the source of alpha and reasons to believe alpha 

exists in the future.
� Emphasis on risk control.
� Efficient implementation.
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Why Stochastic Portfolio Theory?

Positive long-term returns
� Alpha matters; compounding in positive space

Consistency
� High information ratios help achieve consistency and repeatability of excess returns

Transparency and liquidity
� Critical to assessment of investment process and risk control

Appreciation of risk
� Avoiding the Black Swan

Manager strength and stability

Risk management is the key to limiting the impact of extreme    
negative randomness and achieving a long-term alpha.
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Disclaimers
Issued in Australia by Janus Capital Asia Limited (ARBN 122 997 317), which is incorporated in Hong Kong, is exempt from the requirement to hold an
Australian financial services licence and is regulated by the Securities and Futures Commission of Hong Kong under Hong Kong laws which differ from
Australian laws.
 
This document does not constitute investment advice, form part of an offer to provide discretionary or non-discretionary investment management or
advisory services or an offer for the sale of shares, other than pursuant to an agreement in compliance with applicable laws, rules and regulations.

The distribution of this document or the information contained in it may be restricted by law and may not be used in any jurisdiction or any circumstances
in which its use would be unlawful.

Enhanced Investment Technologies, an indirect subsidiary of Janus Capital Group Company, is an independent investment adviser registered under the Investment 
Advisers Act of 1940 utilising an investment process based on a mathematical theory. Enhanced Investment Technologies is affiliated with Janus Capital Group Inc. and 
its subsidiaries. These subsidiaries and/or affiliates include Janus Capital Management LLC and Perkins Investment Management LLC. Past performance cannot guarantee 
future results. 
 
Any portfolio risk management process discussed includes an effort to monitor and manage risk which should not be confused with and does not imply low risk or the 
ability to control risk.
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