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Preface 
 

When you hear the term ‘portfolio management,’  what do you think of?  Chances are that 

the images that spring to mind depend greatly on your financial situation and your 

educational and professional background.  Some people will think of mutual fund 

managers, while others will think of richly paneled conference rooms and wealthy 

individuals strategizing with their financial advisors.  The reality of the current world of 

financial planning is that every adult should be somewhat conversant with concepts of 

portfolio management.  Most working adults will ultimately be responsible for making 

sure that their future non-wage income is sufficient to meet their needs.  In the old world 

of pension plans, your pension plan provider carried all the risks of being able to invest 

properly so as to fund a guaranteed future income to you.  In today’s world, the funds you 

have available for future income will be largely (if not wholly) determined by what you 

save and how you manage your total portfolio.   

 

For a quick definition, I describe portfolio management as the process of planning and 

executing a portfolio of investments in order to generate a desired future income stream.  

This means that portfolio management starts with looking at what you are investing for, 

and how far into the future you are looking.  The next stage is to look at how much you 

need to invest, how you allocate those investments to meet your goals with reasonable 

certainty, and how much uncertainty you are willing to bear.  Finally, portfolio 

management is an ongoing process of reviewing your plans and altering those plans as 

time goes on.   

 

For many people, these concepts will sound pretty abstract.  If you ask people what 

‘ tools’  they use in their managing their personal portfolios, you are likely to get some 

fairly blank looks back, even if you are talking to people with substantial investments. 

Many (if not most) financial advisors still use fairly simplistic tools for portfolio planning 
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and have no way to estimate the optimal portfolio balance of risk and return to meet a 

client’s personal goals.   

 

The good news is that there are standard financial techniques that can dramatically assist 

individuals in portfolio management.  These financial techniques, embedded in software, 

will show you your financial portfolio in ways that you have not considered previously 

and will enable you to make far better portfolio management decisions.  Whether or not 

you use a portfolio management package, however, the financial concepts introduced in 

this book will help you to understand the key factors in portfolio management.   

 

In this edition of the text, I have the benefit of comments and questions from the growing 

community of people who use our portfolio planning software.  I thank you all. 

 

                    Geoff Considine 

                                                                                              Boulder, CO 

 

Spring 2006   

 

 

NOTE to users:  some of the screenshots shown in this text will not match your version 

of the software for two reasons.  First, there are two primary versions of the software and 

second, the user interface has changed somewhat since the first writing.   
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Chapter 1: Personal Portfolio Management 
 

When you can measure what you are speaking about and express it in numbers, 

you know something about it; but when you cannot measure it, when you cannot 

express it in numbers, your knowledge is of a meager and unsatisfactory kind. 

Lord Kelvin - 19th century 

 

One striking facet of financial planning at this stage in the 21st century is the generally 

low quality of tools that people use.  There are powerful resources that can inform 

portfolio planning in ways that go far beyond an allocation guide advising you to invest 

40% of your portfolio in bonds and 60% in stocks at a certain stage in your life, but for 

many people the standard ‘allocation pie chart’  is as far as they go.   

 

There are a range of questions that every person with a substantial portion of their net 

worth in stocks, bonds and funds should ask themselves.  Let’s consider a few of these.  

How can you determine the best balance of risk and return for your portfolio?  How 

confident are you that you are saving enough to provide for a desired future income 

stream?  Do you know how much portfolio risk you are exposed to?  How much could 

your portfolio realistically lose in the next six months?  How about in the next two years?  

Would an increased allocation to bonds improve the portfolio? If you own multiple 

mutual funds that use the same style, would you be just as well off with only one?  How 

would an increased allocation to global equities impact your portfolio?  Could Exchange 

Traded Funds or low-cost index funds be a better choice for your portfolio than your 

current investments? All of these questions can be addressed using standard methods, but 

it is the rare investor who has the right tools available.   

Personal Financial Risk Management 
 

You will find many references in this book to risk and the balance between risk and 

return in a portfolio.  The focus on this theme is intended to get people to think about 

uncertainty in the future returns on investments and how to plan in such a way as to 
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manage this uncertainty to the extent that it is possible—and this is not a bad definition of 

risk management.  For simplicity, let’s start with defining risk as the chance of an 

outcome that is not what you want.  The world is full of uncertainty, and it has been 

argued that the mark of a modern society may be the ability of its members to manage 

risk (see the remarkable book Against the Gods by Peter Bernstein).  How do we, as 

individuals, manage risk in our lives?  Buying insurance is one of the key risk 

management activities that people have available.  You pay a fixed amount per month (in 

premiums) in order for your family to be protected against the possibility of a much 

larger cost (loss of future earnings or destruction of a major asset such as your home).  

We have italicized two words in the last sentence to emphasize that risk management is 

about managing outcomes that have a low chance of occurring but that are large enough 

to be very damaging or even financially catastrophic.  People buy health insurance, life 

insurance, car insurance, home insurance, etc.  Given the amount of money that most 

people spend on risk management in these arenas, it is notable how little attention many 

people give to investment risk management.  What is investment risk management?  The 

kinds of topics that are handled within investment risk management are: 

 

·  Knowing how much your portfolio can realistically lose in the next twelve 

months 

·  Determining whether the potential return from investing in a specific stock or 

fund is worth the incremental risk that this stock or fund adds to your portfolio 

·  Determining whether you are over-allocated to any individual stock or sector 

·  Determining the probability that your portfolio will be able to support a future 

income stream for a specified period of time 

·  Finding the best personal balance of risk and return to meet your goals 

 

You can obtain to all of these questions using portfolio management tools.  This book 

covers some of the key knowledge for personal financial risk management and provides 

case studies and examples using the Quantext Retirement Planner and  

Quantext Portfolio Planner.  These are two versions of our portfolio planning software, 

but both use the same underlying computations.  The concepts and calculations presented 
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here are, for the most part, standard approaches to financial calculations in professional 

applications.  While these types of tools are common in professional risk management 

circles, they are wholly unknown to the vast majority of individual investors and even for 

many financial advisors.   

 

Before getting into the meat of this book, I would like to offer a motivating quote from a 

paper that John Bogle, the founder of the Vanguard family of mutual funds, gave at the 

University of Virginia in February of 2006: 

 

Over the past two decades, for example, the annual return of the average equity fund (10%) has 

lagged the return of the S&P 500 Index (13%) by 3 percentage points per year, largely because 

of those pesky fund costs. To make matters worse, largely because of poor timing and poor fund 

selection, the return actually earned by the average fund investor has lagged the return of the 

average fund by another 3 percentage points, reducing it to just 7 percent per year—roughly 50% 

of the market©s annual return.  

http://www.vanguard.com/bogle_site/sp20060208.htm 

 

Let’s take a moment to consider what this means.  You can buy Vanguard’s S&P500 

index fund for 0.18% a year, and you will end up mirroring the S&P500.  The average 

fund investor is lagging the S&P500 by 6% per year.  Is there any rational way to explain 

such a result?  The simple answer is that people simply do not realize that they are 

lagging the market that badly by choosing a portfolio of funds.  People tend to look for 

the funds or asset classes with the highest recent performance, do not account for total 

fees (the sum of stated fees, trading costs, and taxes on distributed capital gains), and do 

not properly account for the risk that they are carrying in their portfolios.  There is a huge 

knowledge gap between what people know and what they need to know about their 

investment portfolios. 

 

Where We Stand Today 
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While most people know that they probably do not have enough information at hand to 

plan effectively for their financial futures, few people see the general lack of knowledge 

as a crisis.  It is always a problem that will be dealt with in the future.  There are a 

number of professional organizations that have studied the issue of whether people have 

the right kinds of information for reasonable planning.  The results of these studies are 

disturbing.   

 

The American Savings Education  Council (ASEC) is “a coalition of private- and public-

sector institutions that undertakes initiatives to raise public awareness about what is 

needed to ensure long-term personal  financial independence”(www.asec.org).  ASEC 

sponsors an annual survey called the Retirement Confidence Survey (RCS), with results 

available from their website.  The RCS suggests that people’s individual estimates 

(typically ad hoc) for the financial resources that they will need in retirement fall far short 

of actual likely needs.  Only 42% of workers have even attempted to calculate how 

much money they will need to save and invest in order  to fund their  retirements, and 

this fraction has held constant over the last decade.    
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The 2005 RCS shows that only 26% of workers are very confident that they and their 

spouses are ‘doing a good job of preparing financially for retirement.’   All in all, the RCS 

suggests that people are living with a ‘pension mentality’  in a 401(k)-plan world.  By this 

I mean that people somehow believe that an income will somehow be provided to them in 

retirement (as it would be with a pension plan), yet this is no longer the case for most 

workers.  The income that we have in retirement is going to be largely due to what we 

save and how we invest these savings through our working years.  If you plan and invest 

badly, you can end up poor in retirement.   

 

Financial Knowledge 

 

Even assuming that people have the will to save, do Americans know enough to make the 

right choices?  The (multi)million dollar question is simply whether people have the basic 
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knowledge regarding how much they need to invest and how to allocate these funds.  A 

white paper by Wharton’s Pension Research Council on educating workers states (The 

Pension Research Council , paper WP2004-7): 

 

Individuals who do not understand financial mathematics, expected rates of return on 

investments, and the level of income needed to meet consumption expectations in 

retirement, are very likely to have considerably less retirement income than they 

desire. Better financial education is necessary if workers are to achieve their 

retirement objectives, and financial literacy is key to informed retirement saving 

decisions. 

 

This fascinating paper, available for download on the web, suggests that most pension 

plan participants lack the necessary tools and knowledge to plan for retirement 

effectively.  This accounts, in my opinion, for a lot of the 6% performance gap cited by 

John Bogle in the earlier quote.   

 

The concern that employees may not have sufficient knowledge to plan for retirement 

was also expressed by the Department of Labor’s Pension and Welfare Benefits 

Administration (IB-96-2): 

 

With the growth of participant-directed individual account pension plans, more 

employees are directing the investment of their pension plan assets and, thereby, 

assuming more responsibility for ensuring the adequacy of their retirement income.  

At the same time, there has been an increasing concern on the part of the 

Department, employers and others that many participants may not have a sufficient 

understanding of investment principles and strategies to make their own informed 

investment decisions.  

 

These statements suggesting that people do not have enough information to make their 

own investment decisions begs the question of exactly what types of information people 
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need.  The Department of Labor has suggested that education would include information 

about historical returns on various asset classes, the relationship of risk and return, etc.     

 

Some Key Concepts 

 

But let’s get specific.  What should an investor understand about ‘ financial mathematics’  

in order to effectively plan for his or her own retirement?  While there is certainly room 

for argument on this topic, there are some standard principles.  We will be discussing 

these principles in detail as we proceed, but here is a high-level list of key concepts: 

 

1) Average return and risk by asset class 

2) How risk is measured 

3) Risk associated with different investments 

4) Understanding your ‘ risk tolerance’  

5) Relationship between risk and return 

6) Accounting for fees in portfolio planning 

7) Correlations in returns between assets 

8) Portfolio diversification 

 

All of these topics are important in determining how to allocate investment savings and to 

give a sense of how much you need in a portfolio to support a future income stream.  

Further, if you have a meaningful fraction of your portfolio in employee stock options (as 

many people do), we can add a ninth topic: 

 

      9) Valuation of options  

 

A number of the topics above include the concept of investment risk, but many people do 

not have a solid feel for what investment risk is.  A fairly standard definition of risk is the 

probability and magnitude of losses for  specified time hor izons.  If you, as an 

investor, know the risk in your investment portfolio, this definition means that you know 
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the probability at which your portfolio will lose a specific amount of its value over the 

next year, for example.  Very few people could answer this question about their 

portfolios.  One very practical definition of risk that we will be looking at is the 

probability of running out of funds by a certain age in retirement.     

 

Most investors understand, at least conceptually, that different asset classes have 

historically exhibited different levels of risk and return, but a smaller number understand 

how to establish an appropriate level of diversification in their portfolios.  History and 

common sense provide us with some basic guides on returns and risk by asset class that 

are important to understand.  At the time of this writing, real estate is the hot investment 

and we are in the midst of an enormous speculative period for real estate assets.  With 

real estate appreciating at 20% per year in some markets, there is a ‘can’ t lose’  mentality 

that was most recently seen in the enormous run-ups in tech stocks during the dot com 

boom.  In the long term, the prices of real estate cannot continue to grow at rates that so 

enormously outstrip economic growth.  There is some limit to what people will pay for a 

certain house in a certain location.  The historical statistics on return associated with real 

estate cannot be entirely discounted, no matter how optimistic you are—and the historical 

rate of return on real estate is far below what we have seen in recent years.  Given the 

risks and returns associated with tech stocks, real estate, gold, and every other asset class, 

you can plan for appropriate allocations to each asset.  Further, knowing the relative 

correlations in returns across asset classes is critical.  If part of your portfolio tends to 

take a hit when another part is growing, you can stabilize the earnings from your 

portfolio.  This is the basis for the concept of portfolio diversification.  It is important to 

understand, however, that strategic diversification does not simply mean that you should 

buy some of everything.  To learn about the basics of asset allocation and related topics, 

it is hard to do better than A Random Walk Down Wall Street by Burton Malkiel.   

Summary for Chapter 1 
 

Surveys of workers’  behavior and beliefs suggest that a large fraction of working adults 

are running blind in terms of financial planning and portfolio management.  There are 

several key reasons for the broad failures in personal financial risk management: 
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·  Irrational optimism that things will get sorted out in the future 

·  Basic reluctance to sacrifice current spending for future security 

·  Lack of financial literacy 

 

Education can help to alleviate each of these problems to a certain degree.  People tend to 

improve their behavior when they strongly perceive a real risk that is unacceptable.  

Clearly, a lot of people do not conceptualize what life will be like at age 75 with 

inadequate financial resources to support a normal lifestyle.  What would it be like to 

simply run out of money at age 75?  For many people, this is not an unlikely scenario, 

based on responses to the Retirement Confidence Survey.  How likely?  Later sections 

provide the tools to address this and related questions.     

Key Questions for Chapter 1 
 

·  How are you estimating how much money you need to save for retirement? 

·  Do you have tools for gauging how well you are doing in preparing? 

·  If you have explicitly calculated amounts, have you accounted for investment 

risk? 

·  Do you feel confident in your ability to plan for retirement? 

·  Where do your assumptions about future rates on return on the stock market come 

from? 

·  Have you ever seen calculations of past or future variability in return? 

·  If your answer to the previous question is ‘ yes,’  have you ever considered how 

market fluctuations may impact your retirement plans? 

·  Do you explicitly consider risk in your investment decisions? 

·  Do you have a strategy for diversifying your investments? 

·  How do you know if your portfolio effectively diversified? 

Hint: diversification is not simply buying some of everything 
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Chapter 2: The Forest and The Trees 

Five Pillars of Financial Planning 

There are a number of fundamental ‘pillars’  to financial planning: 

 

1) Tax management 

2) Social Security 

3) Pension plans 

4) Portfolio management 

5) Debt management 

 

In this discussion we are only going to look at one of these: portfolio management.  The 

purpose of this book is to help people in addressing the void in knowledge cited in the 

resources from Wharton’s Pension Research Council and from the Department of Labor.  

The Quantext Retirement / Portfolio Planner software provides some tools that are 

needed to provide a comprehensive view of your portfolio investment strategy.       

 

For people investing for a future income stream, the principle challenges are determining 

(1) how much they need to save and (2) how to allocate investment savings so as to 

generate sufficient income with a manageable level of risk.  Most people have very little 

basis for addressing either of these two topics.   

Key Issues in Investing for Future Income 

 

There are four levels of planning that a person investing for future income must 

consider—and they are listed below in terms of the sequence in which they should be 

considered: 

 

1) Savings rate 
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2) Tax efficiency 

3) Broad asset allocation (various sectors, funds, bonds, cash, real estate, etc.) 

4) Allocation by specific portfolio choices  

 

The first item above seems obvious but many people do not have a strong sense of how 

much they need to save, aside from knowing that more is better.  The required savings 

rate can be estimated using a good portfolio planning model along with personal 

information on current portfolio size, desired years of contribution, and desired future 

income.  The second item above refers to making sure that your savings and investment 

strategies are tax efficient, which means that you are incurring as little tax as possible.  

The most obvious part of tax efficiency is to maximize the savings possible under tax 

deferred retirement savings.  If you are not saving enough or not taking advantage of the 

tax laws for retirement savings, these first two factors deserve attention.  The third factor 

above, broad asset allocation, refers to choosing how much of your portfolio is in specific 

sectors or investment classes.  This is where portfolio management starts to get really 

interesting.  Certain sectors or types of investments can provide high returns, but it is 

important to manage risk by diversifying.  If implemented properly, diversification 

provides very ‘ low cost’  risk reduction, although many people do not understand how to 

diversify effectively and this is a major topic of this book and one of the principal sources 

of value that a good portfolio planning tool can provide.  A great deal of attention in this 

book is focused on item (3).   

 

Before people attempt to become educated as stock pickers there is a great deal of value 

in first understanding the basics of portfolio allocation and risk management and their 

application to long term planning.  This is one of the problems with a great deal of the 

‘ investment education’  that people receive from various sources.  Many available 

resources emphasize analyzing individual stocks and pay little attention to portfolio 

management and asset allocation.   

 

The focus of this book is on the process of managing a portfolio with an effective balance 

of risk vs. return, given specific income requirements.  The first question that we seek to 
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address is simply how much you need to invest to give yourself enough income to retire 

on.  The follow on to this question is the available rates of return from stocks, funds, and 

employer stock options for various levels of risk.  People invest in stocks to harness the 

high potential returns, but also take on a certain amount of risk for this potential.  Risk 

and return tend to move hand in hand.   

 

The First Step in Accounting for Uncertainty 

 

We have developed portfolio planning software that demonstrates many of the key 

features of investing for retirement or other future income.  The Quantext Retirement 

Planner (QRP) and Quantext Portfolio Planner (QPP) start by simulating what happens 

if you are investing in a portfolio with a specified average rate of return and annual 

var iability in return.  The reality, of course, is that there is no way to know the future 

average rate of return on the S&P500 or NASDAQ, but there are ways to make some 

reasonable estimates.  The Planner model simulates many possible ‘ futures’  and, given 

your estimate of how much you will put in and how much you will take out, calculates 

the probability that you will have enough money to meet your goals.   

 

The Quantext Retirement/Portfolio Planner (QRP and QPP) is a Monte Carlo model, 

which means that it simulates many possible future scenarios and calculates investment 

risk on this basis.  Any credible portfolio management tool should be based on Monte 

Carlo techniques.  There are many types of Monte Carlo models, ranging from quite 

simple (such as that provided online by T. Rowe Price) to the complex (QRP / QPP).  

The differences between the models are mainly in the types of portfolios that can be 

simulated.  The T. Rowe Price model, for example, looks only at broad classes of assets 

rather than actual investment choices.  You can specify a certain percentage of stocks and 

a certain percentage of bonds, but that is the limit of the model.  On the other end of the 

spectrum, a model like QRP / QPP allows you to specify individual stocks and funds in 

the portfolio.  Further, you can specify the period of market history that will be used to 
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calculate statistical inputs (pre-crash, post crash, long history, etc.).  QRP can even 

account for the impact of employee stock option grants on the portfolio.   

 

One of the major differences between Quantext tools and alternatives is that because they 

model specific investments, they can account for fees.  If you are simulating pure ‘asset 

classes,’  this is not possible.  You can’ t invest in an index, so fees are an important 

consideration when comparing alternatives.  A range of different sources have shown that 

one of the most important considerations for asset allocation in minimizing fees, so it is 

helpful to use a calculator that accounts for fees.   

Important Statistical Concepts 

 

When attempting to understand portfolio planning, some level of understanding of basic 

statistical concepts is necessary unless you are comfortable being absolutely dependant 

on the advice of a financial planner.  Many people take this approach, treating their 

investment portfolios as they do their cars: when help is needed, they will simply turn 

everything over to an ‘expert’  – whether a financial planner or a mechanic.  I take the 

perspective articulated by the Wharton Pension Research Council paper cited above, 

however: without some basic knowledge to inform planning, it is unlikely that people 

will end up with the best possible portfolio and financial plan.  The descriptive 

knowledge in investment planning is in terms of statistics, and there are some key 

concepts that must be understood.   

 

The Flaw of Averages 

 

First, we introduce what Sam Savage, a professor at Stanford, calls the Flaw of Averages.  

While many people think only in terms of averages—average rate of return on an 

investment, for example—knowing the average rate of return is not enough information 

to make informed decisions.  There is an entire literature dating back hundreds of years in 

probability and decision theory that demonstrates why people will very often end up with 
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bad outcomes if they focus on averages and ignore measures of the range of possible 

outcomes.  You don’ t have to read Dr. Savage’s articles on this topic, though.  Our 

examples with the Retirement Planner will make this issue very clear.     

 

Note: if you want to understand the history of this problem and why making decisions 

based on average outcomes or returns is a bad idea, do a web search on the term St. 

Petersburg Paradox. 

Percentiles Instead of Averages 

 

The second key mathematical idea is percentiles.  The only statistical measure that most 

people know is the average.  What is the average, anyway?  If you want the average of 

10 numbers, you add the numbers together and divide by 10.  Fine.  Let’s make this more 

practical.  I offer you the chance to buy one of five bags of money.  The average amount 

of money in the bags is $100.  If I offer you the chance to choose one of these bags by 

paying me $70, would you do it?  Let’s say that I tell you that one bag contains $500 and 

the rest contain zero, for an average of $100.  Will you play the game?  What if I tell you 

that one each of those five bags contain $200, $100, $100, $50, and $50 (again for an 

average of $100)?  Will you be more likely to play?  These two sets of conditions have 

the same average outcomes but very different probabilities of individual outcomes—and 

this is why you need to know percentiles.  Percentiles tell you the probability of some 

outcome being at or above some level.  For the first case above (where one bag contains 

$500), the 50th Percentile is zero—which means that in 50% of cases, your outcome will 

be at or below zero.  For the second case, the 50th percentile is $50—a big difference.  

The 50th percentile is often simply referred to as the median.  Percentiles show you the 

relative probability of individual outcomes and are a very important piece of information 

when choosing between alternatives.   

  

There is a nice example that I use in explaining both the flaw of averages and percentiles.  

Let’s say that you are interested in the longevity of the particular brand of automobiles 

that you are looking at.  The company literature states that the average lifespan of their 
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cars is 20 years.  That may sound fine.  Now what if you are told that the 30th percentile 

lifespan is 5 years?  This means that 30% of their cars last five years or less?  The 

average is 20 years, but about one third of the cars don’ t make it past 5 years.  Your 

opinion would surely be different if you are told that the 30th percentile lifespan is 13 

years, because this would mean that the worst 30% of the cars live 13 years or less and 

the remaining 70% of their cars survive more than 13 years.  You might want more detail.  

One reasonable question would be the 10th percentile lifespan of the cars—how long the 

shortest-lived ten percent of cars are on the road.  When making a decision with uncertain 

outcomes, it is very important to understand that the average is a very limited statistic 

because when you take an action, you experience a single outcome, not the average of all 

possible outcomes.  Knowing percentiles of the outcomes can help you to make an 

informed decision.   

 

In our portfolio simulation, we will be using a concept of the probability of running out 

of money by the time you reach a certain age and this is an example of thinking in 

percentiles.  This is a measure of the risk in your financial plan.  If your financial planner 

tells you that based on average rates of return on the investments in your portfolio you 

will not run out of money before age 100 (assuming you live that long), you may be very 

happy.  But what if she then tells you that there is also a 25% chance that you will run out 

of money by the time you reach age 75?  Another way of stating this is that the 25th 

percentile value of your portfolio is zero at age 75.  Is this acceptable?  Are you willing to 

take that 1-in-4 chance of being broke at age 75?  

 

Getting to Know the Standard Deviation 

 

The most basic statistical data that you need in looking at a stock investment are the 

average rate of return and the standard deviation of rate of return.  For the moment, we 

will discuss things in terms of the S&P500 index.  What is the average annual return for 

the S&P500?  Over the last 20 years or so, if you calculate the return from investing in 

the S&P500 on the first day of each month and holding for 12 months for every possible 
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starting month, the average of these returns is 10-11%.  This is the kind of figure that 

people like to kick around in retirement planning (except that now many experts feel that 

the future expected return is below this level).  Regardless of what we figure this number 

should be, you need some estimate of the average return on the market as a whole and the 

most rational thing to do is to vary it in your planning, since we can’ t know with any real 

certainty.   

 

The next number that you need to estimate is a statistical measure called the standard 

deviation in return.  Standard deviation is a common statistical measure of uncertainty 

and can be thought of as a measure of the ‘normal’  size of fluctuations (positive or 

negative) around the average.  When we assume that returns on stocks follow a bell curve 

(technically called a Gaussian distribution), two thirds of returns will be between 

(average + 1 standard deviation) and (average – 1 standard deviation) and 95% of returns 

will fall between +/- two standard deviations from average.  For our purposes, you don’ t 

even need to know exactly how to calculate standard deviation—EXCEL has a built in 

function called STDEV that does it and defines it for the interested person.  Over the last 

twenty years, the standard deviation in annual return for the S&P500 is around 14-15%.  

If we calculate the percentage of annual returns that are outside of average return +/- 1 

standard deviation over the last 20 years, we get 31% (i.e. very close to 1/3), consistent 

with our assumptions that returns follow a bell curve.  The value of standard deviation in 

return that is used for the market as a whole and for individual stocks and funds has a 

major impact on the projected risk in your portfolio.   

 

Historical Levels of Market Volatility 

 

Because the standard deviation number listed above will have a substantial impact on 

calculated portfolio risk, let’s take a moment longer to look at it.  Figure 1 shows that a 

standard deviation 14-15% in the return on the S&P500 is quite common.  If the average 

return for the S&P500 is around 10%, we will then expect to see return of 10% +/- 14% 

in most years.  Is this higher or lower than you would have thought?   
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Figure 1: Historical Trailing Standard Deviation of 12-Month Returns for S&P500 Index 

 

Armed with just these statistical concepts (average, standard deviation, and percentiles), 

we can start to make sense of how to plan for retirement and manage risk effectively.   

 

Risk and Beta 

 

One of best-known metrics of risk for investment portfolios is Beta.  Beta is not a direct 

measure of risk.  Beta captures a component of risk associated with the correlation 

between a portfolio, a stock or a fund with the market as a whole.  The formal definition 

of Beta is: 

 

Return on Asset = Beta x (Return on S&P500 – RF) + RF + NS Return 

 

The Asset in question may be a single stock or a portfolio of stocks.  The asset may be a 

mutual fund.  The Return shown above may be thought of as the monthly return, as 
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monthly data is usually used.  RF is the risk-free rate of return, such as you would get 

from investing in Treasury Bills.    The term NS Return is ‘non-systematic return’ , which 

means returns that are associated with that asset that are not correlated with returns on the 

market as a whole.  If you are looking at a mutual fund that invests only in energy 

utilities, for example, the non-systematic return will be driven by factors that are specific 

to energy utilities and not to the movements of the broader market.  So, the basic idea 

here is that we can think of the return on a stock or portfolio as being the sum of a 

component due to returns on the market as a whole and returns that are not correlated to 

the market as a whole.  This is important to understand because many financial planners 

and investment tools use Beta as a measure of risk—but Beta is actually a measure of 

how much the return on an asset is coupled to the market as a whole. 

 

It is important to understand that the non-systematic components of returns can be 

correlated across positions, even though they are not correlated to the S&P500.  

Correlation in this component of return increases portfolio risk.  Quantext’s portfolio 

management tools account for non-Beta correlation, but very few other tools properly 

account for this factor.   

Non-Market Risk 
 

If you know the value of Beta for an asset or for your portfolio, you can calculate the 

amount of risk in that asset that is driven by movements in the broader market.  A low 

Beta portfolio will be less responsive to either gains or losses in the S&P500 than a high 

Beta portfolio.  The fraction of the total volatility (i.e. risk) in an investment that is due to 

Beta-effects varies across assets and is described by a variable called R-squared (or 

sometimes written as R^2).  R-squared of 100% means that all of the variability in return 

on that asset is due to movements in the broader market.  Low R-squared means that 

there is lot going on in driving returns that cannot be explained by the broader market.  

Beta and R-squared are related, but they tell you subtly different things.  The lower R-

squared and Beta are, and the higher the SD in return is, the higher the amount of risk in 

an asset that is not due to the broader market.  This component of risk—the variability in 

non-systematic return—is called non-market risk.   
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Defining Risk 
 
So how can we properly talk about total portfolio risk?  A concrete working definition of 

risk is: 

 

Risk is the probability and magnitude of losses for  specified time hor izons 

 

This definition means that one measure of risk would be the probability of losing 5% of 

the value of your portfolio over a month.  Note that we have specified the time horizon 

(one month), the probability, and the magnitude of loss (i.e. 5% of the portfolio value).  If 

the returns on the market follow a bell curve, and if you know the average return and the 

standard deviation of return, you can calculate the risk, as defined above.  The key 

statistics for understanding the risks associated with an investment are Standard 

Deviation in Return and Beta.   

 

There are a number of reasons why an investor will want to manage Beta as well as the 

projected standard deviation in return.  Knowing these two variables, you can reasonably 

approximate the risk in the elements of your portfolio as well as the degree to which you 

are exposed to market moves.  An important feature of Beta is that it can be used to 

describe the degree to which the various funds in your portfolio will move in tandem, 

which is very important.  If you have two mutual funds in your portfolio from different 

sectors, the degree to which their returns are correlated is largely described by Beta.  The 

lower the correlation between these two funds, the lower the overall risk in your 

portfolio.  If the two funds are correlated to each other beyond their mutual correlation to 

the broader market (as measured by Beta), you need to account for this non-systematic 

correlation (as described above).  If you have concentrated holdings, such as more than 

one  stock or fund in a sector, this additional correlation needs to be accounted for.  

Quantext’s portfolio model accounts for these non-Beta effects.   
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Monte Carlo Simulation 
 
The way to account for the variability in possible future outcomes in your portfolio is to 

use what is called Monte Carlo simulation.  The name does, in fact, refer to the famous 

European gambling center.  The term was coined because Monte Carlo simulation uses 

the computer to essentially ‘ roll the dice’  many times (using the odds of each outcome) to 

create a wide range of possible futures for the problem that you want to simulate.  The 

simulation generates a large number of possible outcomes for returns on the market and 

for individual stocks or funds.  In some possible futures, you may end up very wealthy 

and in some others, you may end up broke.  This is where the percentiles come in.  We 

start the simulation with realistic estimates of average returns and the standard deviation 

of returns on the market as a whole and look at the range of possible outcomes, given that 

there is considerable uncertainty in the actual return in any given year.   

By way of example, the chart below shows a hypothetical case for a 40-year old who is investing 

for retirement.  He has $100K in his portfolio and it is invested in a conservative portfolio.  The 

chart shows the evolution of the value of his portfolio with his age.  The heavy blue line shows 

what this wealth accumulation will look like if we run a simple calculator that does not account 

for risk.  He retires at age 65 and you can see that his portfolio evolution changes as he draws out 

each year.  Assuming that he lives until age 90, he still has more than $1 Million in his portfolio 

using this approach.  The Monte Carlo simulation generates all of the other possible portfolio 

outcomes, with each line showing the possible evolution of the portfolio, and we have shown 

only 30 of these paths but a real Monte Carlo model simulates hundreds.  Each line is a portfolio 

outcome. 
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Some of the possible outcomes for this portfolio have its owner becoming quite well off.  The 

problem, however, is that a fair number of these portfolios become completely depleted at ages 

much younger than the simple calculation based only on average rate of return.  Notice that three 

of these possible outcomes (out of 30) do not even make it to age 85 and many more do not 

survive until age 90.  Without using a Monte Carlo model, this person will have a false sense of 

security.  The real problems come up if he does not use Monte Carlo and only has the simple 

solution (heavy blue line) and decides that he can actually draw a good bit more out of his 

portfolio.   

Monte Carlo simulation is the basis for all modern financial risk management 

applications used by corporations for planning.  Developing and deploying such models 

has been my business for more than six years.  Before that, I developed and ran Monte 

Carlo simulations in my research at NASA.  Simply put, people use Monte Carlo 

simulation when knowing the average outcome is simply not enough information and this 

is why Monte Carlo simulation is so important for retirement planning.  A 2003 article in 

Employee Benefit News (Running the Odds, March 2003) stated:  
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…a more sophisticated method with a catchy name - "Monte Carlo simulation" - is 

quickly overtaking deterministic calculators to become the industry standard in online 

investment guidance  

Running The Odds 

Employee Benefit News, 2003 

 

In a more recent article from Employee Benefit News, a Certified Financial Planner at T. 

Rowe Price is quoted as saying: 

 

…the best tool to evaluate probabilities of a successful retirement is through Monte 

Carlo simulations. It is a problem-solving technique used to approximate the probability 

of certain outcomes by running multiple trial runs, called simulations, using random 

variables.  

New Dimension: Educating Employees on Retirement Spending                           

Employee Benefit News, September 2004 

 

These two articles are representative of the trend for Monte Carlo to be considered the 

current best practice for retirement planning, and there are many related articles that have 

been published in the last several years.  Monte Carlo retirement simulation is the best 

and simplest way of allowing plan participants to estimate the aggregate risk and return in 

a portfolio.   

  

The types of Monte Carlo models used for personal financial risk management are, in 

general, vastly simpler than those used in corporate risk management.  We discussed (in 

Chapter 1) the need for certain standard tools to enable people to plan effectively.  I 

believe that using Monte Carlo simulations for retirement planning is one of the standard 

tools that people need access to.  Without a concrete understanding of the risks of certain 

outcomes, it is impossible for people to plan effectively.         

 

It should be understood that most Monte Carlo planning tools allow the user to specify 

only a generic portfolio—say 60% stocks and 40% bonds.  This type of planning tool is 
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useful, but provides far less information that a Monte Carlo portfolio planning tool that 

allows the user to enter a specific mix of stocks and funds.  As you will see, the Quantext 

Retirement / Portfolio Planner allows the user to run a full Monte Carlo simulation for 

any portfolio mix of specific stocks, funds, as well as employee stock option grants.   

Summary for Chapter 2 
 

In this chapter, we have discussed a number of areas of knowledge that are important for 

portfolio planning.  We started with the key ‘pillars’  of financial planning and then 

limited our topic of discussion down to investment planning.  Even within investment 

planning, our focus is on the more specific problem of projecting your portfolio value as 

a function of allocation, investments, retirement, etc.  We will not be discussing tax 

efficiency, except to note that if you are not taking advantage of tax advantaged investing 

to the fullest extent that you can, you are losing a major source of value.  Within our 

focus of investment allocation, we have introduced a number of key statistical concepts 

that the financially literate planner must grasp.  In the next chapter, we start to apply 

these concepts using the Quantext Retirement/Portfolio Planner.   

 

Key Questions for Chapter 2 
 

·  Give an example of the ‘Flaw of Averages.’  

·  Why is knowing the average rate of return not enough information? 

·  Why is Beta an incomplete description of risk? 

·  What does Beta actually tell you? 

·  What is Monte Carlo simulation? 

·  Why is Monte Carlo simulation important? 
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Chapter 3: Basic Risk-Return Analysis  

   

We have already spent a number of pages discussing statistics and concepts that lay the 

groundwork for addressing the main topic of this book: how to determine how much you 

need to save for retirement and how to choose portfolio allocations that are appropriate to 

your situation.  If you have a 401(k) or similar plan, you have a range of possible 

investment alternatives.  If you are investing outside of a defined benefit plan, your 

universe of investment alternatives is much larger.  You need to have the ability to look 

at the risks and benefits of the range of possible allocations if you are to make your best 

choices.   

 

As mentioned earlier, we will be looking at a Monte Carlo portfolio planning tool called 

the Quantext Retirement/Portfolio Planner in order to simulate portfolio value and risk. 

There is a general explanation of the software and how to use it in an appendix of this 

book, and the software is available from Quantext.com.  All figures in the rest of this 

book (except Figure 4) are taken from the standard reports generated by the software. 

Meet Jane Smith 

 

Every book has to have its ‘example case’  and for us it is Jane Smith, if for no other 

reason than the ‘example people’  in investing books always seem to be men.  Jane is 40 

years old and is saving for retirement under a 401(k) plan.  Jane would like to retire at 

age 67 and has determined that she would like to have at least $50,000 per year of income 

(in 2005 dollars) from her retirement portfolio.  Jane has $100,000 invested in a 401(k) 

and plans to contribute $13,000 this year and that she will be able to increase this 

annually to keep up with inflation.  Obviously this assumption is constrained by 

contribution limits, but we will assume that contribution limits rise sufficiently fast to 

keep up with inflation so that Jane stays within the cap.  To begin, let’s assume that Jane 

is investing in an S&P500 index fund.    
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The Good Life Without Risk 

 

Let’s say that we first want to look at how Jane is doing without considering market risk.  

We are going to assume that the market as a whole (the S&P500) will return 8.3% per 

year, which is perhaps above what many economists are predicting for the next twenty 

years but is fairly conservative given the last twenty in which market returns averaged 

around 10-11%.  To examine how Jane is doing, we will use the Quantext Retirement 

Planner.  Figure 2a shows Page 1 of the Quantext Retirement Planner calculations for 

Jane.  She will become a millionaire in 2022, and is projected to have $2.6 Million in her 

401(k) at retirement.  The green table in Figure 2a (bottom right) shows that if Jane 

converts her portfolio to cash when she retires, her funds will last until she is 85 under the 

assumption of inflation at 3% per year and assuming that she inflates her draw on her 

retirement funds by this amount each year.  If she leaves her portfolio invested at this rate 

of return and draws her $50,000 per year, her portfolio continues to grow.  This is 

because she is drawing out less than 5% per year from what she had available at 

retirement and her portfolio is growing at 8.3% per year.  As long as she withdraws less 

than 8.3% per year, her portfolio will last forever.       
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Jane Smith

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2032 3.00% 0.00%

Age at Retirement 67 Annual Standard Deviation 0.00%
Annual Contribution (2005 
Dollars)

$13,000
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 -2.00% 8.30%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$50,000

Median date at which you 
are worth $1 Million:

2022 $2,628,100

Average: $2,628,100

Annual Draw (2005 $) $50,000 $45,000

Probability of Running 
Out of Money

Age Age

10% Not Found Not Found
15% Not Found Not Found
20% Not Found Not Found
25% Not Found Not Found
30% Not Found Not Found 80th Percentile: 85
35% Not Found Not Found Median: 85
40% Not Found Not Found 20th Percentile: 85
45% Not Found Not Found
50% Not Found Not Found

Outcomes for Investing in Market Index

4.23%

Age to Exhaust Funds if Cashed Out 
at Retirement:

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Annual Withdrawal Rate as % of 
Portfolio at Retirement:

Portfolio value at retirement 
(Median):

Calculator by Quantext

Prepared For :

Retirement Planning Report
Preparation Date:

7/26/2005

 

Figure 2a: Jane Smith with no market risk 

 

This example is basically how most financial planning models simulate portfolios—

purely in terms of average return.  But what about the ugly specter of risk?  If we put in a 

reasonable assessment of volatility in return via the standard deviation of market return, 

what then?  We will start with a figure of about 10% for the standard deviation in annual 

return, which is lower than our calculation of the historical level of volatility in market 

returns over the past twenty years, although we have seen brief periods with this low a 
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level of market volatility.  When we now look at Jane’s prospects, the picture looks 

different.  To start, note that we have an annual standard deviation in market return of 

10.0% (yellow cells at top right of Figure 2b).  This was changed by the user reducing the 

Annual Standard Deviation of Market Return down to 66.3% of its ‘normal value’ .  The 

built-in normal value is 15.07%, which is a number that we have derived from historical 

data (see Figure 1).  This is, then, an assumed case of lower than normal risk in market 

returns in the future.  How do things look now (Figure 2b)? 

 

Low Market Volatility Case for Jane  

 

We will call this the Low Market Volatility Case and it is shown in Figure 2b.  If Jane 

converts her portfolio to cash upon retirement, she will have enough money in the median 

case to last her until she is 85, just as before.  On the other hand, in the worst 20% of 

possible futures, she will run out when she turns 81.  So, let’s assume that she lets her 

portfolio ride in retirement.  She now has a 10% chance of running out of money by the 

time she is 84 and a 20% chance of running out of money by the time she is 91.  This is 

not too bad—the odds are strongly in her favor that she will still be solvent, even if she 

lives to 91.  On the other hand, we will note that Jane is only drawing out an amount each 

year that is equal to about four and a half percent of the value of her portfolio (escalated 

with inflation) at retirement and the portfolio is growing at an average rate of 8.3% per 

year.  Inflation is a serious factor because you are drawing out an increasing number of 

dollars every year in retirement just to keep up.  If you believe that you will not need to 

scale up your income with inflation (i.e. you will be okay with diminishing buying power 

as you get older), this will stretch out your portfolio’s lifetime considerably.  Note that 

Jane never runs out of money at the 50th percentile—the median.  Jane’s median 

retirement case is fully funded.  The problem with only looking at the median case, of 

course, is that you don’ t want to bet on the median outcome.  You want to be able to 

survive even the bad outcomes.  As many retirees have discovered, planning without 

considering contingencies—the chance of a period of very low returns—can leave you in 

very bad shape.    
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Jane Smith

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2032 3.00% 66.30%

Age at Retirement 67 Annual Standard Deviation 9.99%
Annual Contribution (2005 
Dollars)

$13,000
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 -2.00% 8.30%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$50,000

Median date at which you 
are worth $1 Million:

2023 $2,514,367

Average: $2,654,519

Annual Draw (2005 $) $50,000 $45,000

Probability of Running 
Out of Money

Age Age

10% 84 88
15% 88 93
20% 91 97
25% 94 102
30% 99 Not Found 80th Percentile: 89
35% 102 Not Found Median: 85
40% Not Found Not Found 20th Percentile: 81
45% Not Found Not Found
50% Not Found Not Found

Outcomes for Investing in Market Index

4.42%

Age to Exhaust Funds if Cashed Out 
at Retirement:

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Annual Withdrawal Rate as % of 
Portfolio at Retirement:

Portfolio value at retirement 
(Median):

Prepared For :

Retirement Planning Report
Preparation Date:

7/26/2005

 

Figure 2b: Jane Smith’s outlook when we add moderate risk 

 

Using Historical Level of Volatility  

 

If we look at Jane’s situation with a level of market volatility equal to what we have 

observed over the last twenty years (Figure 2c), things do not look as good.  Jane now has 
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a 20% chance of running out of money by the time she gets to 82 years old.  Perhaps that 

is still acceptable.  Whether or not you are willing to accept this level of risk is a function 

of your risk tolerance—something we will be discussing in more detail as we move 

along. 

 

Jane Smith

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2032 3.00% 100.00%

Age at Retirement 67 Annual Standard Deviation 15.07%
Annual Contribution (2005 
Dollars)

$13,000
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 -2.00% 8.30%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$50,000

Median date at which you 
are worth $1 Million:

2023 $2,343,602

Average: $2,662,946

Annual Draw (2005 $) $50,000 $45,000

Probability of Running 
Out of Money

Age Age

10% 77 78
15% 80 81
20% 82 84
25% 84 87
30% 87 90 80th Percentile: 90
35% 89 94 Median: 84
40% 93 97 20th Percentile: 78
45% 96 102
50% 99 Not Found

Outcomes for Investing in Market Index

4.74%

Age to Exhaust Funds if Cashed Out 
at Retirement:

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Annual Withdrawal Rate as % of 
Portfolio at Retirement:

Portfolio value at retirement 
(Median):

Prepared For :

Retirement Planning Report
Preparation Date:

7/26/2005

 

Figure 2c: Normal volatility for Jane 
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So, if you were Jane, what would you do?  Jane is saving enough for retirement that she 

will likely be a multi-millionaire by the time she retires.  On the other hand, because of 

the uncertainty in future market performance, she must be very careful about how she 

calculates what she can draw.  One way to think about this is to compare the amount that 

she can draw in a risk free world with what she can draw in the real (risky) world.   

 

In a risk-free world, Jane could draw $69,000 per year (in 2005 dollars) and she will run 

out of money at the age of 100.  When we include normal historical levels of market 

volatility, however, Jane has a 30% chance of running out of money by age 80 at this 

income level.  If Jane decides that a 30% chance of running out of money is not 

acceptable, it would appear that market risk has ‘cost’  her 20 years of retirement income.  

This is a lot of years of retirement income.   

What You Don’ t Know Can Hurt You 

 

The American Savings Education Council (ASEC) provides a basic retirement calculator 

that does not include market volatility.  You can go through it online or you can 

download a worksheet (www.asec.org/ballpark).  This retirement income calculation 

assumes that you die at age 87 and that you can start getting your social security at age 

65.  Let’s say that Jane goes here and put in her information.  She estimates that she will 

receive $20,000 per year from Social Security and other pensions and she wants, as 

before, an income of $50,000 per year from her investment portfolio.  ASEC uses an 

assumption that inflation is 3% per year (as we do) but then assumes that you invest your 

money at 6% per year with no risk at all.  When you then run the calculations, with Jane’s 

current starting portfolio value of $100K and assuming that she retires at age 65, the 

Ballpark Estimate is that she must save $16,469 per year.  When we put all these numbers 

into our retirement calculator, and set market risk to zero, we find exactly the same 

thing—as we should.  Your money lasts until your 86th year and in your 87th year, you are 

in the red.  But can you get 6% per year, risk free?  Let’s say that we assume that you can 

make 6% if you are willing to bear market volatility that is only 1/4th (25%) of the 

historical market level—low risk (and shown in Figure 3).  How do things look now?  
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With the addition of even this low level of risk, Jane now has a 50% chance of running 

out of money by the time she reaches 85!   

 

 

Jane Smith

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2030 3.00% 25.00%

Age at Retirement 65 Annual Standard Deviation 3.77%
Annual Contribution (2005 
Dollars)

$16,469
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 -4.30% 6.00%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$50,000

Median date at which you 
are worth $1 Million:

2024 $1,717,746

Average: $1,734,998

Annual Draw (2005 $) $50,000 $45,000

Probability of Running 
Out of Money

Age Age

10% 81 83
15% 82 84
20% 82 85
25% 83 85
30% 83 86 80th Percentile: 80
35% 84 87 Median: 79
40% 84 87 20th Percentile: 78
45% 85 88
50% 85 89

Outcomes for Investing in Market Index

6.09%

Age to Exhaust Funds if Cashed Out 
at Retirement:

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Annual Withdrawal Rate as % of 
Portfolio at Retirement:

Portfolio value at retirement 
(Median):

Prepared For :

Retirement Planning Report
Preparation Date:

7/26/2005

   

Figure 3: Ballpark estimate with a small amount of market risk 

 

There is nothing wrong with the risk-free ‘Ballpark’  approach by ASEC.  It is doing 

exactly what it purports to do, but the user must understand that it does not handle the 
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issue of risk management.  The ASEC estimate will match our calculation if we are 

willing to assume that you can get a return of 6% per year with no risk.  When interest 

rates continue to poke along at historically low levels and there is no way to get a risk-

free investment that provides 6% per year, this may be a tough assumption to make.   

 

To put this all in context, let’s look at the historical average return and standard deviation 

of average return that has been observed for a mix of stocks and bonds.  For stocks, we 

will simply use the S&P500 index.  For bonds, we will use historical returns on short-

term bonds.  Historical data on the returns on these two ‘ investments’  (the S&P500 and 

Short [term] Bonds) compiled by Dr. Robert Schiller of Yale University allows us to 

examine the risk return balance that has been seen in the past. 

 

S&P500: 100% Short Bond: 0%

Years Period Average Annual Return
Standard Deviation in Annual 

Return
100 1905-2004 8.00% 18.95%
90 1915-2005 8.56% 19.29%
80 1925-2004 8.87% 19.33%
70 1935-2004 8.67% 17.73%
60 1945-2004 8.61% 16.68%
50 1955-2004 7.65% 15.85%
40 1965-2004 6.56% 16.19%
30 1975-2004 9.52% 15.54%
20 1985-2004 10.68% 16.35%
10 1995-2004 10.59% 19.80%

Raw Data: Website of Robert Schiller at Yale (http://www.econ.yale.edu/~shiller/data.htm)  

Table 1: Historical average annual return and standard deviation in annual return over 

the last 100 years for a portfolio invested in the S&P500 

 

To begin, we will look at the average return and the standard deviation in annual return 

for the S&P500 over the last 100 years (Table 1).  Over the last 30 years, the average 

annual return on the S&P500 has been 9.52% per year, with a standard deviation of 

15.54%.  This means that you can think of a ‘normal’  year as yielding returns between 

(9.52+15.52)% and (9.52-15.54)%.  These values provide some context for our 
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calculations for Jane Doe.  The last 30 years have been somewhat unusual in that the 

stock market provided high average returns and relatively moderate volatility in returns.  

You will find discussions of an excessive ‘equity risk premium’  in recent years, and this 

is what the authors are talking about.  If you do a web search on this term, you will find 

many articles.  Many financial planners advocate planning for returns more like 7.5% to 

8.5% per year for the market as a whole in the coming years.  The underlying idea is that 

the economy can only grow so fast, and that history seems to suggest a long-term 

appreciation in stock prices that is less than we have seen in the last couple of decades.   

 

S&P500: 0% Short Bond: 100%

Years Period Average Annual Return
Standard Deviation in Annual 

Return
100 1905-2004 4.71% 3.14%
90 1915-2005 4.70% 3.30%
80 1925-2004 4.64% 3.46%
70 1935-2004 4.79% 3.64%
60 1945-2004 5.48% 3.49%
50 1955-2004 6.26% 3.29%
40 1965-2004 6.99% 3.28%
30 1975-2004 7.05% 3.60%
20 1985-2004 5.53% 2.30%
10 1995-2004 4.47% 2.12%

Raw Data: Website of Robert Schiller at Yale (http://www.econ.yale.edu/~shiller/data.htm)  

Table 2: Historical average annual return and standard deviation in annual return over 

the last 100 years for a portfolio invested in short-term bonds 

 

A portfolio invested in short-term bonds (Table 2) has yielded lower average returns but 

also much lower standard deviation in returns—lower risk.  Our analysis for Jane Doe in 

Figure 3 uses return and risk characteristics consistent with a pure bond portfolio: annual 

return of 6% with a standard deviation of 3.8%.   

 

If you look back at our assumptions in the analysis for Jane in Figure 2c, you will see that 

we assumed an average rate of return of 8.3% per year, with a standard deviation of 

15.07% per year.  If we take this same case (Jane retires at 67), we may want to look at a 
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portfolio invested 60% in stocks and 40% in bonds.  This 60-40 portfolio is one of the 

standards that financial planners often advocate.  In the case of the 60-40 portfolio, we 

can simply look at history (Table 3). 

 

S&P500: 60% Short Bond: 40%

Years Period Average Annual Return
Standard Deviation in Annual 

Return
100 1905-2004 6.68% 11.29%
90 1915-2005 7.02% 11.50%
80 1925-2004 7.17% 11.52%
70 1935-2004 7.12% 10.54%
60 1945-2004 7.35% 9.87%
50 1955-2004 7.09% 9.40%
40 1965-2004 6.73% 9.70%
30 1975-2004 8.53% 9.48%
20 1985-2004 8.62% 10.10%
10 1995-2004 8.14% 12.16%

Raw Data: Website of Robert Schiller at Yale (http://www.econ.yale.edu/~shiller/data.htm)  

Table 3: Historical performance of a portfolio allocated 60% in the S&P500 and 40% in 

bonds 

 

Looking at these historical returns, it would be reasonable to assume that the 60-40 

portfolio will yield an average return of 7.5% per year, with a standard deviation of 10%.  

If we now examine Jane Doe’s situation again (same inputs as Figure 2c), we find that 

her situation improves slightly (Figure 4).  Whereas Jane had a 25% chance of running 

out of money by age 84 in the case of investing in the S&P500 index as a whole (Figure 

2c), she now has a 25% chance of running out of money by age 86.  This is not an 

enormous improvement, but it is two years of income!   
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Jane Smith

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2032 3.00% 66.50%

Age at Retirement 67 Annual Standard Deviation 10.02%
Annual Contribution (2005 
Dollars)

$13,000
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 -2.80% 7.50%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$50,000

Median date at which you 
are worth $1 Million:

2024 $2,157,293

Average: $2,276,070

Annual Draw (2005 $) $50,000 $45,000

Probability of Running 
Out of Money

Age Age

10% 80 82
15% 83 85
20% 84 87
25% 86 89
30% 88 91 80th Percentile: 86
35% 89 94 Median: 83
40% 92 96 20th Percentile: 79
45% 94 100
50% 96 103

Outcomes for Investing in Market Index

5.15%

Age to Exhaust Funds if Cashed Out 
at Retirement:

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Annual Withdrawal Rate as % of 
Portfolio at Retirement:

Portfolio value at retirement 
(Median):

Prepared For :

Retirement Planning Report
Preparation Date:

7/26/2005

 

Figure 4: Jane Doe’s base case, with risk-return assumptions consistent with a portfolio 

of 60% stocks and 40% bonds 

Changing Strategies Over Time 

 

One of the standard tools available to investors is to shift strategy as they grow older, 

reducing risk with age.  The investment calculator can account for the impact of a 

strategy shift.  In the extreme case, Jane could cash out of all of her investments and go to 
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cash at retirement, and her future is then determined entirely by how much she has 

accumulated to that date (assuming that inflation is steady at 3%).  In the case in which 

we assume a long-term average rate of return for Jane’s portfolio of 10.3% per year, 

along with a standard deviation in annual return of 15.07% (our calculation for the 

historical average), her basic portfolio projection looks great (Figure 5).  Jane has only a 

15% chance of running out of money at age 97 but our projections never reach a 20% 

probability of running down her portfolio.  Even if she goes entirely to cash after retiring, 

she will have a median portfolio value to fund her retirement through age 89.   
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Jane Smith

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2032 3.00% 100.00%

Age at Retirement 67 Annual Standard Deviation 15.07%
Annual Contribution (2005 
Dollars)

$13,000
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 0.00% 10.30%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$50,000

Median date at which you 
are worth $1 Million:

2021 $3,430,131

Average: $3,953,362

Annual Draw (2005 $) $50,000 $45,000

Probability of Running 
Out of Money

Age Age

10% 87 96
15% 97 Not Found
20% Not Found Not Found
25% Not Found Not Found
30% Not Found Not Found 80th Percentile: 97
35% Not Found Not Found Median: 89
40% Not Found Not Found 20th Percentile: 82
45% Not Found Not Found
50% Not Found Not Found

Outcomes for Investing in Market Index

3.24%

Age to Exhaust Funds if Cashed Out 
at Retirement:

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Annual Withdrawal Rate as % of 
Portfolio at Retirement:

Portfolio value at retirement 
(Median):

Prepared For :

Retirement Planning Report
Preparation Date:

7/26/2005

 

Figure 5: New Baseline Run 

 

If she converts her portfolio to cash, in the worst 20% of outcomes, she will run out of 

money at age 82 (see bottom right of Figure 5).  If her portfolio performs at the 80th 

percentile (i.e. in the top 20% of possible outcomes), she can convert to cash when she 

retires and she will have enough to fund her retirement until age 97.  Simply shifting to 

cash at retirement may be quite attractive to Jane, depending on how much risk she wants 
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to bear.  It is often of interest to look at the impact of shifting strategies at retirement and 

you can examine this situation on Page 4 of the Retirement Planner (Figure 6).   

 

Jane Smith

www.quantext.com

Age to Shift Strategy: 68

 Before Age 68
Age 68 and 

Beyond
Average Annual Return 10.30% 0.0%
Standard Deviation of 

Annual Return 15.07% 0.0%

Annual Draw $50,000

Investing in 
Index (from page 

1)

Probability of Running 
Out of Money

Age Age

10% 79 87
15% 81 97
20% 82 Not Found
25% 84 Not Found
30% 85 Not Found
35% 86 Not Found
40% 87 Not Found
45% 88 Not Found
50% 89 Not Found

Retirement Planning Report
Prepared For: Preparation Date:

7/26/2005
Page 3: Shift To Low Risk Investing

 

Figure 6: Strategy shift and its impact (only available in QRP, not QPP) 

 

Figure 6 shows the impact of a shift in average and standard deviation in annual return at 

a specified age and it is noted that if we specify a shift at age 68 to zero percent return 

and zero risk (i.e. cash), we find a 20% chance of running out the portfolio at age 82 and a 

50% chance of running out the portfolio at age 89, just as we show in the previous figure.   

What if Jane could achieve 6% per year, risk free?  Would shifting 100% of her portfolio 

to this alternative at retirement make sense?   
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Jane Smith

www.quantext.com

Age to Shift Strategy: 68

 Before Age 68
Age 68 and 

Beyond
Average Annual Return 10.30% 6.0%
Standard Deviation of 

Annual Return 15.07% 0.0%

Annual Draw $50,000

Investing in 
Index (from page 

1)

Probability of Running 
Out of Money

Age Age

10% 85 87
15% 89 97
20% 93 Not Found
25% 98 Not Found
30% 102 Not Found
35% Not Found Not Found
40% Not Found Not Found
45% Not Found Not Found
50% Not Found Not Found

Retirement Planning Report
Prepared For: Preparation Date:

7/26/2005
Page 3: Shift To Low Risk Investing

 

Figure 7: Shifting to Risk-Free 6% Strategy 

 

When we examine the relative probability of running short of funds if we shift the 

portfolio to a 6% return with zero risk at age 68 (Figure 7), the principle impact is to 

actually increase the probability of running out of money in later years!  How is this 

possible?  Many people would think that a risk-free 6% in later years would look pretty 

good.  The problem that is created by the shift in strategy is simply that you have lowered 

the average return to such an extent that even reducing risk to zero still gives you a higher 

probability of running out your portfolio.  The key concept that many people forget is that 

time is a major equalizer even with a fairly volatile portfolio.  What we see here is that 

even with larger swings year-in and year-out, one may find that the higher risk is worth 

bearing.   
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There are, of course, many different ways that you can examine a shift in strategy in a 

portfolio.  Having a longer time horizon until retirement makes it possible to bear risk 

and have the volatility average out.  It is important to examine a range of options, tailored 

to your specific situation.  The decision of the amount of risk to carry in your portfolio is 

very personal.  One of the major concerns of some pension analysts is that plan 

participants are being so conservative that they are unlikely to generate enough return to 

meet their retirement needs.  Being too risk averse is itself a risk.   

 

Deciding Upon Acceptable Risk Levels 

 

When you say the word ‘ risk,’  everyone tends to have different ways of thinking about 

the concept.  For the Quantext Retirement Planner, we have thus far shown risk in terms 

of the probability of running out of funds by a certain age.  I like this measure because it 

is very easy to understand and tends to be the contingency that most people really want to 

avoid.  Financial planners ask customers questions about their ‘ risk profile,’  but I feel that 

these surveys are often not very helpful.  Most people do not have a concrete 

understanding of the potential scope of losses that are associated with different risk 

classifications.  When we talk about risk in the ways that financial planners do, what we 

are really talking about is uncertainty and uncertainty can give you good surprises as well 

as bad ones.  The Retirement Calculator generates a forecast of the value of your 

portfolio as a function of your age.  Let’s first look at Jane’s portfolio with an annual 

average return of 10.3% and an annual standard deviation in return of 15.07%, as in some 

of the examples in this chapter (Figure 5).  Figure 8 shows the pages of the report that 

actually project out Jane’s portfolio value at the 20th percentile, the median (i.e. 50th 

percentile), and the 80th percentile.  The projection (Figure 8) suggests that Jane’s median 

portfolio value at the end of her fortieth year is about $110K.  This is easy to understand 

because she has a portfolio worth $100K at the start of year 40 and it appreciates with an 

average rate of return of 10%, as we assumed.  There is a 20% chance that her portfolio 

will drop to $97K but the end of the year, and if her portfolio performs in the top 20% of 
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possible outcomes (the 80th percentile portfolio value in Figure 8), she will end up with 

about $123K.  In the year 2021, at the age of 56, the projected median value of Jane’s 

portfolio is $1,089,000 (Figure 8).  In the worst 20% of outcomes, her portfolio is at or 

below $783K.  In the best 20% of outcomes (the 80th percentile), her portfolio is worth 

more than $1.6 Million this year.  The spread among the percentiles shows the 

uncertainty in future returns on her portfolio as specified in the annual standard deviation 

in return.  If we keep the average return at $10.3% per year and reduce the standard 

deviation, Jane’s 80th percentile portfolio value will be reduced at the same time that her 

20th percentile portfolio value will increase.  Higher standard deviation in return gives 

you the potential for greater wealth as well as for greater losses.      
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Jane Smith

www.quantext.com

2005 40 $110,105 $122,776 $97,097
2006 41 $138,557 $157,603 $113,635
2007 42 $163,877 $197,290 $136,321
2008 43 $198,486 $238,777 $160,443
2009 44 $232,329 $285,355 $185,219
2010 45 $272,770 $338,526 $209,935
2011 46 $309,682 $390,262 $244,318
2012 47 $356,200 $460,569 $280,375
2013 48 $407,817 $561,513 $306,305
2014 49 $465,933 $637,890 $348,654
2015 50 $534,421 $745,246 $416,068
2016 51 $596,500 $854,274 $448,643
2017 52 $659,181 $961,210 $493,894
2018 53 $763,629 $1,078,992 $559,243
2019 54 $853,596 $1,269,938 $612,368
2020 55 $971,162 $1,399,332 $677,279
2021 56 $1,081,218 $1,640,785 $783,000
2022 57 $1,204,944 $1,815,258 $872,902
2023 58 $1,308,832 $2,062,829 $904,931
2024 59 $1,508,290 $2,250,412 $1,004,672
2025 60 $1,675,076 $2,487,274 $1,152,251
2026 61 $1,882,106 $2,788,535 $1,212,542
2027 62 $2,069,907 $3,167,581 $1,306,683
2028 63 $2,318,932 $3,577,331 $1,503,179
2029 64 $2,504,653 $4,235,992 $1,568,824
2030 65 $2,691,819 $4,539,361 $1,692,638
2031 66 $3,131,132 $4,964,614 $1,806,307
2032 67 $3,430,131 $5,244,162 $2,050,997
2033 68 $3,631,626 $5,948,461 $2,166,670
2034 69 $3,779,527 $6,494,236 $2,141,170
2035 70 $3,891,946 $7,097,686 $2,148,842
2036 71 $3,971,116 $7,680,274 $2,127,760

Calculator by Quantext

Portfolio values calculated on baseline assumptions
Page 2: Estimated Portfolio Value and Uncertainty

Prepared For: Preparation Date:

20th Percentile 
Value

Year Age
Median Portfolio 

Value
80th Percentile 

Value 

7/26/2005

Retirement Planning Report

 

  

Figure 8: Portfolio Value Projection for Jane 
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Summary for Chapter 3 
 
In this chapter, we have shown the first stage of the Quantext Retirement Planner.  This 

section allows you to project future portfolio values and the risks of having inadequate 

funds in retirement, with basic input assumptions about average returns and standard 

deviation of returns.  The first thing that strikes most people is how much more you need 

to save once you account for risk.  This is a real effect.  While awareness of the 

importance of accounting for risk in retirement planning has increased over the past 

several years because so many more people are in defined benefit plans, there remains 

widespread confusion about these concepts.  If you perform a web search on a term like 

Monte Carlo retirement calculator, you will find many articles on this issue, and yet it 

doesn’ t really sink in until you run a calculation and see the effect on your portfolio of 

accounting for variability in market returns.   

 

The Retirement Planner generates a fairly extensive standard report.  The calculations 

that you can perform on pages 1 through 4 of the Retirement Planner are a good first step 

in starting to think in terms of personal portfolio management.  If you have a financial 

planner that you work with, you may wish to ask him or her regarding estimates of 

expected market return and standard deviation of annual return to input to the model.   

These first four pages of the Retirement Planner report can provide good ‘ reality checks’  

on how you are doing and running this type of calculation every twelve months makes a 

great deal of sense.   

 

One of the most important results to take away from running a portfolio simulation is 

how comfortable you are with where you are on the risk-return continuum.  Can you 

handle a 20% chance of running out of funds at age 80?  Is that a lot of risk or a very 

reasonable level of risk?  The question of how much risk you are willing to carry is 

personal—there is no single right answer here. 
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Key Exercises and Questions for Chapter 3 
 

·  Set up the Retirement Planner with your information in Page 1  

o Enter 80% for Annual Standard Deviation of Market Return (% of 

normal) 

o Enter 3% for Assumed Inflation Rate (Annual) 

o Enter -2% for Delta Return 

·  What is the probability that you will run out of money by age 80? 

·  Is this acceptable? 

·  How much do your probabilities of running out of funds improve if you 

increase your annual contributions by $1000 per year? 

·  If you ignore risk, how do things look? 

o You turn off risk by setting Annual Standard Deviation of Market 

Return to zero 

·  Are there any investments that could yield 8.3% with no risk? 
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Chapter 4: Portfolio Allocation 
 

Strategic Allocation 
 

In this chapter, we get down to brass tacks: how do you calculate the portfolio risk and 

return for a selection of real stocks and funds?  Many people think that ‘portfolio 

allocation’  simply refers to the process of putting your funds into multiple investments—

often determined by the set of mutual funds provided by a 401(k) plan provider.  Most 

people understand that diversifying their investments across a range of funds or 

investment classes is generally a good idea, but the value and strategy of diversification 

goes much further and can add value to the process of portfolio management.  If you 

want to really understand your portfolio, it is necessary to examine an analysis of the 

portfolio from the ground up.  Rather than saying, for example, that you have 60% stock 

and 40% bonds, it is useful to look at the portfolio down to the individual fund level and 

see how each fund or stock impacts the total portfolio.    

 

Let’s look at a case in which you have ten choices for the components of your portfolio: 

nine mutual funds and your employer’s stock.  For this case, we will use Microsoft as the 

example for investor stock: 

 

Ticker  Symbol Style / Emphasis Fund Family 

VFINX S&P500 index fund Vanguard 

VBIIX Intermediate term bond 

index fund 

Vanguard 

VGHCX Health Care industries Vanguard 

VGENX Energy industries Vanguard 

CGMRX Real estate CGM 

VGPMX Specialty – precious metals Vanguard 

VHGEX World stock Vanguard 
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VWEHX High yield bond Vanguard 

VPACX Japan stock Vanguard 

JAMRX Large growth Janus 

MSFT Microsoft stock  

Figure 9: List of available mutual funds, along with Microsoft stock, available to Jane in 

our case study 

 

Note: much of the text in this chapter uses the QRP.  Users of QPP are automatically 

using the Risk-Return Balanced analysis as the basis of the Monte Carlo. 

 

I have selected these ten choices rather arbitrarily, but they cover a range of size and style 

categories.  To begin with examining a portfolio of real stocks or funds, you must enter 

their tickers on Page 4 (Figure 10).  Once you have entered in the list of possible 

investments, click on the tab marked Histor ical. 
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Jane Smith

www.quantext.com

Fund Name Beta
Standard 
Deviation 
(Annual)

Alpha (Annual)
Check

VFINX OK

VBIIX OK

VGHCX OK

VGENX OK

CGMRX OK

VGPMX OK

VHGEX OK

VWEHX OK

JAMRX OK

MSFT OK

Note: This definition for Alpha has rolled in the risk-free rate of return

Fund Name
Percentage of 

Funds
Average Annual 

Return
Average Annual 

Return
Standard Deviation 

(Annual)

VFINX 10.0% 0.00%
VBIIX 10.0% 0.00%
VGHCX 10.0% 0.00%
VGENX 10.0% 0.00%
CGMRX 10.0% 0.00% Start: End:

VGPMX 10.0% 0.00% 7/1/2000 7/1/2005

VHGEX 10.0% 0.00%
VWEHX 10.0% 0.00%
JAMRX 10.0% 0.00%
MSFT 10.0% 0.00%
Sums to 100.0% Historical Beta: 64.65%

Average Annual 
Return

Standard Deviation 
(Annual)

Historical Data 

Average Annual 
Return

Standard Deviation 
(Annual)

9.91% 11.30%

Simulated Portfolio Beta:
0.00%

Portfolio Stats

0.00% 0.00%

Market Index (S&P500)

10.30% 15.07%

Calculator by Quantext

Page 4: Fund Mix Using Beta

Retirement Planning Report
Prepared For: Preparation Date:

7/26/2005

 

Figure 10: Page 4 of the QRP allows you to enter ten stock or fund symbols in the 
column marked ‘ fund name.’  
 

 
 



 54 

Automatic Calculation of Risk-Return Parameters 
 

The Historical sheet of QRP (Figure 11) allows you to choose a period of history from 

which to calculate the risk, return, and Beta values for each of these stocks or funds. 

 

Start Date End Date

Ticker Beta SD Alpha
Average Annual 

Return
Check Data 

Length 6/30/2000 6/30/2005

VFINX 98.85% 15.64% 1.46% -1.29% OK
VBIIX -9.91% 5.64% 7.96% 8.24% OK

VGHCX 41.04% 10.97% 9.20% 8.06% OK Months Years
VGENX 59.54% 19.24% 21.72% 20.06% OK 60.1 5.0

CGMRX 48.36% 20.57% 28.39% 27.05% OK
VGPMX 54.27% 26.33% 28.91% 27.40% OK
VHGEX 79.96% 14.90% 12.79% 10.57% OK
VWEHX 22.91% 6.42% 6.20% 5.56% OK
JAMRX 123.60% 21.35% -5.58% -9.02% OK Use Historical Data
MSFT 129.86% 35.67% 2.61% -1.00% OK ctrl-u

Ticker Beta SD Alpha
Average Annual 

Return
VFINX 98.85% 15.15% -0.04% 10.14%
VBIIX -9.91% 5.46% 6.36% 5.34%

VGHCX 41.04% 10.62% 3.68% 7.90%
VGENX 59.54% 18.63% 5.74% 11.87%
CGMRX 48.36% 19.91% 7.52% 12.50%
VGPMX 54.27% 25.50% 9.68% 15.27%
VHGEX 79.96% 14.43% 1.55% 9.79%
VWEHX 22.91% 6.21% 3.36% 5.72%
JAMRX 123.60% 20.67% 0.15% 12.88% Use Risk-Balanced Data
MSFT 129.86% 34.54% 6.38% 19.75% ctrl-e

SD Average Annual Return
S&P500 15.56% -2.78%

Risk-Return Balanced

Pure Historical Data

GET DATA: ctrl-r

 

Figure 11: Historical screen for generating data inputs.   

 

The Historical screen of the QRP takes the list of ticker symbols from the main page and 

allows you to enter a date range for the use of historical data.  In this case, we select the 

period from June 30, 2000 through June 30, 2005.  We are running this analysis in July 

2005 and it is a good idea to use a number of complete calendar months.  This won’ t 

make any real difference one way or the other, but it’s a matter of consistency not to use 

partial months.  Next, you click the button marked GET DATA or hit ctr l-r  to retrieve 

data.  When you press the button (or ctr l-r ), QRP goes out on the web and downloads the 

historical price data for all of the stocks or funds for the period that you specify.  QRP 

then calculates the input parameters needed by the Monte Carlo model, with the values 

shown on the left hand side of Figure 11.  The top table is the input parameters for QRP 

from the pure historical data.  The bottom table gives us the parameters after they have 
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been adjusted to maintain a risk-return balance that is consistent with the long-term 

behavior of the stock market.  For this example, we see CGMRX (a real estate mutual 

fund) has provided an average annual return of 27% per year for this historical period.  

We would not want to assume that this very high rate of return will continue.  Sectors that 

outperform on a risk-adjusted basis tend to converge back over time.  The analytics in 

QRP examine the historical risk associated with each stock and adjusts the projected 

future average return to yield a consistent balance of risk and return.  In the case of 

CGMRX, for example, the Risk-Return Balanced table gives a projected average return 

for this fund of 12.5% in the long term.  This value makes a great deal more sense than 

simply using pure historical values.  The Risk-Return Balance function in QRP means 

that the parameters that drive the portfolio simulation are not unduly influenced by recent 

performance.  Another example of this is shown if you look at the historical returns for 

VFINX over this historical period selected.  This is an S&P500 index fund, so over the 

last five years the average annual return has been negative—about -1.3% per year.  We 

certainly would not want to simply use this period of low returns as the basis for long-

term planning.  When you look at the Risk-Return Balanced table (Figure 11) for VFINX, 

we see that the projected average annual return is 10.14% per year.  We have obtained 

this value partly as a result of the fact that we have specified that the S&P500 will 

generate an average annual return of 10.3% per year on Page 1 of the QRP.  This value is 

shown at the bottom of Figure 10.  If we change the assumed long-term return for the 

market as a whole, the future value projected for all of the funds and stocks will adjust.  

Given an assumed long-term rate of return on the S&P500 of 10.3% per year, it is logical 

that an index fund such as VFINX will generate essentially the same annual return.   

 

If the user now presses the Use Risk Balanced button (or hits ctr l-e), the risk-balanced 

parameters will be used to drive the Monte Carlo planning tool.  You can also use the 

pure historical parameters by pressing the Use Historical Data button (or ctr l-u), but 

pure historical data will often yield unrealistic projections, as noted above.  So, let’s hit 

Use Risk Balanced to use the risk-balanced parameters (Figure 12).  The risk-balanced 

parameters are then copied to the Page 4 of the planner and the Monte Carlo model 

updates the portfolio.  At this point, more experienced investors may wish to adjust the 
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parameters for Beta and Alpha.  The historical analysis yields a negative value of Beta for 

VBIIX, a bond fund.  I believe that this value should, in fact, be zero for the long-term.  If 

I wish, I can simply change this value -- or others -- at this time.  As a baseline case, 

however, the risk-balanced parameters are a good choice.   

Jane Smith

www.quantext.com

Fund Name Beta
Standard 
Deviation 
(Annual)

Alpha (Annual)
Check

VFINX 98.8% 15.15% -0.04% OK

VBIIX -9.9% 5.46% 6.36% OK

VGHCX 41.0% 10.62% 3.68% OK

VGENX 59.5% 18.63% 5.74% OK

CGMRX 48.4% 19.91% 7.52% OK

VGPMX 54.3% 25.50% 9.68% OK

VHGEX 80.0% 14.43% 1.55% OK

VWEHX 22.9% 6.21% 3.36% OK

JAMRX 123.6% 20.67% 0.15% OK

MSFT 129.9% 34.54% 6.38% OK

Note: This definition for Alpha has rolled in the risk-free rate of return

Fund Name
Percentage of 

Funds
Average Annual 

Return
Average Annual 

Return
Standard Deviation 

(Annual)

VFINX 10.0% 10.07%
VBIIX 10.0% 5.37%
VGHCX 10.0% 7.96%
VGENX 10.0% 11.85%
CGMRX 10.0% 12.53% Start: End:

VGPMX 10.0% 15.25% 6/30/2000 6/30/2005

VHGEX 10.0% 9.75%
VWEHX 10.0% 5.75%
JAMRX 10.0% 12.80%
MSFT 10.0% 19.66%
Sums to 100.0% Historical Beta: 64.85%

Average Annual 
Return

Standard Deviation 
(Annual)

Historical Data 

Average Annual 
Return

Standard Deviation 
(Annual)

9.56% 11.34%

Simulated Portfolio Beta:
65.11%

Portfolio Stats

11.10% 11.18%

Annual Return = Beta x (Annual Return on S&P500)+Alpha

Market Index (S&P500)

10.30% 15.07%

Calculator by Quantext

Page 4: Fund Mix Using Beta

Retirement Planning Report
Prepared For: Preparation Date:

7/26/2005

 

Figure 12: Simulated portfolio using risk-balanced parameters 
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Allocation and Portfolio Risk, Return, and Beta 
 

For this initial case, 10% of the portfolio is invested in each of these funds and stocks 

(Figure 12).  As the allocation is adjusted, the QRP adjusts the simulated portfolio.  The 

report automatically updates the value of Beta for the simulated portfolio (65.11%).  The 

total simulated portfolio is projected to yield an average annual return of 11.1% per year 

with an average annual standard deviation of 11.18% (Figure 12), substantially better 

than the projected performance for the market as a whole (average of 10.3%, with 

standard deviation of 15.07% shown in the lower right hand corner of Figure 12).  Page 4 

also shows the historical performance for this portfolio over the specified historical 

period.  In this case, for the equally allocated portfolio the historical results for average 

and standard deviation in return are fairly similar to the projected values.  This will not 

always be the case.  Two of the hottest sectors in the past several years have been real 

estate and utilities.  If you make a portfolio that is allocated 50% to CGMRX and 50% to 

VGENX, you would expect to see a substantial difference between recent history and the 

projected future—and this is exactly what happens (Figure 13).  We do not need to revisit 

the historical data sheet—just change the Percentage of Funds values as shown in Figure 

13.  In the resulting portfolio, the historical period yields an average return of 23.56% per 

year with a standard deviation of 16%.  The Portfolio Stats table, which provides the 

results for the simulated future portfolio performance, yields an average annual return of 

12.19% per year, a far more realistic value to use to planning for the future.  We have 

called the portfolio allocated half and half into VGENX and CGMRX the Hot low-Beta 

portfolio because this portfolio is allocated into the two funds that have generated the 

highest returns over the recent five years and that also have low values of Beta.  What is 

interesting is that this portfolio is still projected to generate market-beating returns with 

less total risk than the market as a whole.  It is worth noting that this is a nice example of 

a case in which you need to pay attention to Beta and to the total portfolio volatility, as 

measured by the standard deviation in return.  Beta for the entire portfolio is close to 

55%, which means that this portfolio does not move strongly with the market.  The total 

standard deviation in return is, however, very close to value of 15% for the market as a 

whole.  Low Beta means that we can combine these funds with high Beta stocks or funds 
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and we will get good diversification effects.  Low Beta means that this portfolio does not 

strongly follow the market.  Low Beta does not, however, mean that a portfolio is low 

risk.   

 

Jane Smith

www.quantext.com

Fund Name Beta
Standard 
Deviation 
(Annual)

Alpha (Annual)
Check

VFINX 98.8% 15.15% -0.04% OK

VBIIX -9.9% 5.46% 6.36% OK

VGHCX 41.0% 10.62% 3.68% OK

VGENX 59.5% 18.63% 5.74% OK

CGMRX 48.4% 19.91% 7.52% OK

VGPMX 54.3% 25.50% 9.68% OK

VHGEX 80.0% 14.43% 1.55% OK

VWEHX 22.9% 6.21% 3.36% OK

JAMRX 123.6% 20.67% 0.15% OK

MSFT 129.9% 34.54% 6.38% OK

Note: This definition for Alpha has rolled in the risk-free rate of return

Fund Name
Percentage of 

Funds
Average Annual 

Return
Average Annual 

Return
Standard Deviation 

(Annual)

VFINX 0.0% 10.07%
VBIIX 0.0% 5.37%
VGHCX 0.0% 7.96%
VGENX 50.0% 11.85%
CGMRX 50.0% 12.53% Start: End:

VGPMX 0.0% 15.25% 6/30/2000 6/30/2005

VHGEX 0.0% 9.75%
VWEHX 0.0% 5.75%
JAMRX 0.0% 12.80%
MSFT 0.0% 19.66%
Sums to 100.0% Historical Beta: 53.95%

Average Annual 
Return

Standard Deviation 
(Annual)

Historical Data 

Average Annual 
Return

Standard Deviation 
(Annual)

23.56% 16.00%

Simulated Portfolio Beta:
54.82%

Portfolio Stats

12.19% 14.92%

Annual Return = Beta x (Annual Return on S&P500)+Alpha

Market Index (S&P500)

10.30% 15.07%

Calculator by Quantext

Page 4: Fund Mix Using Beta

Retirement Planning Report
Prepared For: Preparation Date:

7/26/2005

 

Figure 13: Hot low-Beta portfolio 
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From the low value of Beta for this portfolio, we can infer that adding high-Beta stocks 

like Microsoft will work quite well.  Consider the case in which you are an employee of 

Microsoft and that you have these choices of funds, plus Microsoft stock in your 401(k) 

plan.  What if you divided your portfolio between these two funds and MSFT stock 

(Figure 14)? 
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Jane Smith

www.quantext.com

Fund Name Beta
Standard 
Deviation 
(Annual)

Alpha (Annual)
Check

VFINX 98.8% 15.15% -0.04% OK

VBIIX -9.9% 5.46% 6.36% OK

VGHCX 41.0% 10.62% 3.68% OK

VGENX 59.5% 18.63% 5.74% OK

CGMRX 48.4% 19.91% 7.52% OK

VGPMX 54.3% 25.50% 9.68% OK

VHGEX 80.0% 14.43% 1.55% OK

VWEHX 22.9% 6.21% 3.36% OK

JAMRX 123.6% 20.67% 0.15% OK

MSFT 129.9% 34.54% 6.38% OK

Note: This definition for Alpha has rolled in the risk-free rate of return

Fund Name
Percentage of 

Funds
Average Annual 

Return
Average Annual 

Return
Standard Deviation 

(Annual)

VFINX 0.0% 10.07%
VBIIX 0.0% 5.37%
VGHCX 0.0% 7.96%
VGENX 33.3% 11.85%
CGMRX 33.3% 12.53% Start: End:

VGPMX 0.0% 15.25% 6/30/2000 6/30/2005

VHGEX 0.0% 9.75%
VWEHX 0.0% 5.75%
JAMRX 0.0% 12.80%
MSFT 33.3% 19.66%
Sums to 100.0% Historical Beta: 79.24%

Average Annual 
Return

Standard Deviation 
(Annual)

Page 4: Fund Mix Using Beta

Retirement Planning Report
Prepared For: Preparation Date:

7/27/2005

10.30% 15.07%

Calculator by Quantext

Simulated Portfolio Beta:
79.76%

Portfolio Stats

14.68% 17.43%

Annual Return = Beta x (Annual Return on S&P500)+Alpha

Market Index (S&P500)

Historical Data 

Average Annual 
Return

Standard Deviation 
(Annual)

15.36% 15.65%

 
Figure 14: Sample portfolio with high concentration 
 

In this case (Figure 14), we have a portfolio that most advisors would say is too 

concentrated, yet the total portfolio has Beta less than 100% and a high return relative to 

the risk level.  Let’s say that you wanted to keep the projected risk down to the same 
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level as the market as a whole.  We may need to include some other low-Beta or low 

volatility stocks.  A bond fund would help.  So how about adding VBIIX, a Vanguard 

bond fund to the mix (Figure 15)?  By adding a bond fund, which has a low return but a 

very low Beta, we have created a portfolio which has attractive return potential but with a 

projected risk (standard deviation in Portfolio Stats) that is less than the market as a 

whole.  Further, not only does our simulation suggest this, but the Historical average 

annual return, standard deviation, and Beta have all been good even over the past five 

years (Figure 15).   
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Jane Smith

www.quantext.com

Fund Name Beta
Standard 
Deviation 
(Annual)

Alpha (Annual)
Check

VFINX 98.8% 15.15% -0.04% OK

VBIIX -9.9% 5.46% 6.36% OK

VGHCX 41.0% 10.62% 3.68% OK

VGENX 59.5% 18.63% 5.74% OK

CGMRX 48.4% 19.91% 7.52% OK

VGPMX 54.3% 25.50% 9.68% OK

VHGEX 80.0% 14.43% 1.55% OK

VWEHX 22.9% 6.21% 3.36% OK

JAMRX 123.6% 20.67% 0.15% OK

MSFT 129.9% 34.54% 6.38% OK

Note: This definition for Alpha has rolled in the risk-free rate of return

Fund Name
Percentage of 

Funds
Average Annual 

Return
Average Annual 

Return
Standard Deviation 

(Annual)

VFINX 0.0% 10.07%
VBIIX 20.0% 5.37%
VGHCX 0.0% 7.96%
VGENX 25.0% 11.85%
CGMRX 25.0% 12.53% Start: End:

VGPMX 0.0% 15.25% 6/30/2000 6/30/2005

VHGEX 0.0% 9.75%
VWEHX 0.0% 5.75%
JAMRX 0.0% 12.80%
MSFT 30.0% 19.66%
Sums to 100.0% Historical Beta: 63.95%

Average Annual 
Return

Standard Deviation 
(Annual)

Page 4: Fund Mix Using Beta

Retirement Planning Report
Prepared For: Preparation Date:

7/27/2005

10.30% 15.07%

Calculator by Quantext

Simulated Portfolio Beta:
64.30%

Portfolio Stats

13.07% 14.38%

Annual Return = Beta x (Annual Return on S&P500)+Alpha

Market Index (S&P500)

Historical Data 

Average Annual 
Return

Standard Deviation 
(Annual)

13.12% 12.98%

 

Figure 15: Concentrated low-Beta portfolio with slightly less than market risk 
 
This portfolio looks quite attractive.  This is not the end of the analysis by any means, 

however.  We will want to have a look at the long-term performance of this portfolio as a 

way to fund retirement for Jane (Figure 16). 



 63 

Jane Smith

www.quantext.com

Age at Retirement: 67

Annual Draw $50,000

Investing in 
Index (from page 

1)

Probability of Running 
Out of Money

Age Age
Average Annual 

Return
Standard Deviation 

(Annual)

10% Not Found 87
15% Not Found 97
20% Not Found Not Found
25% Not Found Not Found
30% Not Found Not Found
35% Not Found Not Found
40% Not Found Not Found
45% Not Found Not Found
50% Not Found Not Found

13.07%

Portfolio Stats

Retirement Planning Report
Prepared For: Preparation Date:

7/28/2005
Page 5: Fund Mix Using Beta

Calculator by Quantext

Portfolio Beta:
64.30%

14.38%

VFINX

VBI IX

VGHCX
VGENX

CGMRX

VGPMXVHGEXVWEHXJAMRX

MSFT

VFINX

VBIIX

VGHCX

VGENX

CGMRX

VGPMX

VHGEX

VWEHX

JAMRX

MSFT

 
 
Figure 16:  Probability of running out of funds for portfolio in Figure 15 
 
The results in Figure 16 suggest that if Jane allocates her portfolio into this distribution of 

stock and funds, she has no possibility of running out her portfolio with a $50,000 per 
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year draw.   In fact, if we return to Page 1 of the planner and adjust her income draw in 

retirement, we can examine what she can realistically draw as income.   

 

Age at Retirement: 67

Annual Draw $120,000

Investing in 
Index (from page 

1)

Probability of Running 
Out of Money

Age Age
Average Annual 

Return
Standard Deviation 

(Annual)

10% 85 73
15% 92 74
20% Not Found 75
25% Not Found 77
30% Not Found 79
35% Not Found 80
40% Not Found 82
45% Not Found 83
50% Not Found 86

13.07%

Portfolio Stats

Portfolio Beta:
64.30%

14.38%

 

Figure 17: Probability of running out of funds with a $120,000 per year draw 

 

With a portfolio that yields an average annual return of 13.07% and a standard deviation 

in annual return of 14.38% (as in Figure 15), Jane can afford a substantially higher draw 

than if she invested in the index.  It must be remembered, of course, that the values 

generated for future return on individual stocks and funds are based on the assumption of 

a stable long-term balance between risk and return and, more importantly, this outlook is 

contingent upon the assumption of long-term average return for the S&P500 of 10.3% per 

year, with a standard deviation of about 15%.  If this assumption changes, the returns on 

each portfolio component will change, thereby altering total portfolio performance.  On a 

practical basis, this portfolio is too highly concentrated for most people.       

 

Let’s return to the case shown in Figure 12, with 10% of the portfolio in each of the ten 

possible choices.  This allocation yields a portfolio with an average annual return of 

11.1% per year, but with a standard deviation of 11.18% per year, and a Beta of 65%.  If 

we look at the probability for drawing down this portfolio (Figure 18), we find that Jane 

could reasonably draw $105,000 per year from this portfolio and have a 25% chance of 

running out of funds by age 92.   
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Jane Smith

www.quantext.com

Age at Retirement: 67

Annual Draw $105,000

Investing in 
Index (from page 

1)

Probability of Running 
Out of Money

Age Age
Average Annual 

Return
Standard Deviation 

(Annual)

10% 82 74
15% 84 76
20% 87 77
25% 92 79
30% 100 81
35% Not Found 83
40% Not Found 86
45% Not Found 88
50% Not Found 92

11.10%

Portfolio Stats

Retirement Planning Report
Prepared For: Preparation Date:

7/28/2005
Page 5: Fund Mix Using Beta

Calculator by Quantext

Portfolio Beta:
65.11%

11.18%

VFINX

VBI IX

VGHCX

VGENX

CGMRX

VGPMX

VHGEX

VWEHX

JAMRX

MSFT VFINX

VBIIX

VGHCX

VGENX

CGMRX

VGPMX

VHGEX

VWEHX

JAMRX

MSFT

 

Figure 18: Performance of portfolio from Figure 12 

 

Let’s say that Jane decides that this equally allocated portfolio provides outcomes that 

you can live with.  There remain some other factors to examine.   
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One of the more important issues is to look at short-term behavior of the portfolio and the 

QRP performs this task also.  Let’s say that you wish to know the range of possible 

returns that are possible over the next six months in your portfolio.  We will start with the 

test portfolio in Figure 15.   

 

Jane Smith

www.quantext.com

Portfolio Value: $100,000 

Time Horizon (days): 30
Portfolio Beta: 64.30%

Percentile Portfolio Value Gain / Loss Return
1% $91,899 -$8,101 -8.1%
5% $94,154 -$5,846 -5.8%
10% $95,645 -$4,355 -4.4%
15% $96,704 -$3,296 -3.3%
20% $97,592 -$2,408 -2.4%
25% $98,193 -$1,807 -1.8%
30% $98,903 -$1,097 -1.1%
35% $99,583 -$417 -0.4%
40% $100,083 $83 0.1%
45% $100,629 $629 0.6%
50% $101,159 $1,159 1.2%
55% $101,683 $1,683 1.7%
60% $102,152 $2,152 2.2%
65% $102,666 $2,666 2.7%
70% $103,288 $3,288 3.3%
75% $103,826 $3,826 3.8%
80% $104,478 $4,478 4.5%
85% $105,260 $5,260 5.3%
90% $106,183 $6,183 6.2%
95% $108,000 $8,000 8.0%
99% $110,670 $10,670 10.7%

Average $101,074 $1,074 1.1%

Retirement Planning Report
Prepared For: Preparation Date:

8/1/2005
Page 7: Por tfolio Risk and Projected Return

 

Figure 19: Page 7 of the QRP provides projected probable outcomes 
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On Page 7 of the QRP report, the user can examine the portfolio in terms of the 

likelihood of specific outcomes for a time horizon into the future (Figure 19).  For the 

portfolio in Fig. 15, we have entered a time horizon of 30 days—and this is calendar days 

and not just days when the market is open.  QRP then calculates the percentiles of returns 

and gains for that time horizon.  In this case, there is a 5% chance (the 5th percentile) of 

that Jane will lose 5.8% or more of your portfolio over the next 30 days.   The user can 

input whatever time horizons are of interest and see the projected risk and return levels.  

This functionality provides the user with a very concrete sense of the uncertainty in future 

returns.  If Jane looks Page 7 for her portfolio on various time horizons and feels that she 

would be uncomfortable with this level of volatility, it may be a good idea to re-allocate 

part of the portfolio.   

 

Summary Thoughts on Portfolio Allocation 
 

The key concept behind portfolio diversification is that a constrained level of correlation 

between assets will help to ‘diversify away’  some risk.  In simple terms, this means that 

you reduce risk relative to returns by having money in multiple classes of investments so 

that they are unlikely to all sustain large losses at the same time.  That said, owning too 

many funds may well lead you to the situation that you might as well own an S&P500 

ETF fund (SPY) and a bond ETF (AGG).  This will keep fees low and essentially gives 

you the diversification effects of owning some of everything.  In that situation, you may 

simply use a basic allocation Monte Carlo model like that offered online by T. Rowe 

Price.  If you want to create a more targeted portfolio, QRP allows you to tune the 

diversification of your portfolio for the actual assets that you hold.  You may find, for 

example, that you need to add some low Beta stocks or bond funds to your portfolio 

because you have a concentration in a high-Beta employer stock.   

 

Having the ability to look at your portfolio and see the total projected portfolio risk and 

return changes the way that people manage their portfolios.  In a recent analysis of a real 

portfolio, we found that the user’s portfolio resulted in a very high Beta and a standard 

deviation equal to twice that of the market as a whole.  This person had sustained 
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substantial losses in the market downturn and far more than he was comfortable with.  

What was really interesting is that we looked at his simulated portfolio in QRP using 

market data prior to the crash in the early 2000’s (See Figure 11 to see where you enter 

the date range), and we found that the QRP warned of very high portfolio risk before the 

market crashed.  This does not mean that the QRP was predicting in the real sense of the 

word.  QRP simply analyzes historical risk-return statistics and uses this as the basis for a 

simulation of future risk and return.  Even before they declined, the market volatility in 

many high-flying tech stocks was sufficient to predict that substantial declines were 

possible in a short period of time. 

 

Summary for Chapter 4 
 

The topic of this chapter is how to combine investment assets to exploit the power of 

strategic diversification in an investment portfolio.  The purpose of strategic 

diversification is to increase your expected returns relative to risk by through combining 

investments properly.  The goal of portfolio diversification is to bring together portfolio 

components (a group of funds, for example) with high returns and each may have fairly 

high volatility.  By combining these funds in your portfolio, you can ‘ tune’  the portfolio 

to generate the highest possible return that is consistent with your risk profile.   

 

The Quantext Retirement / Portfolio Planner provides a simple way to determine if you 

have too much of your portfolio in one stock—perhaps the stock of your employer.  

There have been a number of legal actions in the last couple of years in which employees 

of companies in financial distress discovered that they had way too much exposure to 

their employer’s stock.  You can input the statistics of your employer’s stock in place of 

one of the funds on Page 5 of the Retirement Planner and then look at how combining 

this stock with other funds available via your 401(k) plan will yield a portfolio that meets 

your desire for future high returns as well as being in line with your risk tolerance.   
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The examples given in this chapter are highly idealized and quite simple in order to assist 

in visualizing the concepts.  For a series of more realistic case studies on portfolio asset 

allocation, diversification, and related topics see Quantext’s online resource library: 

 

http://www.quantext.com/subpage.html 

 

Key Exercises and Questions for Chapter 4 
 

·  Enter a portfolio of stocks and funds and run the Historical calculation of risk, 

return, and Beta. 

·  Look at the differences between the risk-balanced parameters and the pure 

historical parameters. 

·  Apply the risk-balanced parameters and look at the total portfolio Beta, standard 

deviation, and average return calculated on QRP Page 4  

·  Vary the allocations of your money into a number of funds and look at how your 

retirement risk changes (QRP Page 5). 

·  Experiment to find an improved allocation 

·  Do you think that you have too much or too little risk, overall? 

·  If you have a large weighting in your company stock, do you have sufficient 

diversification in the rest of your portfolio to effectively manage risk? 
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Chapter 5: Portfolio Impacts of Employee Stock 
Options 
 

Stock Options and Portfolio Management 
 

Employee stock options remain a major feature of compensation structure at many U.S. 

firms.  For management and executive staff, options are the most common equity-based 

incentive vehicle (Long Term Incentive Grant Practice for Executives, F.W. Cook, 

August 2005).  Fully 90% of the 250 largest U.S. based companies continue to use stock 

options for long-term incentive grants.  Despite the challenges associated with new 

requirements for expensing options, stock options remain a popular vehicle for 

compensation because they create such a powerful alignment between compensation and 

the performance of a company’s stock.   

 

Despite the prevalence of employee stock options as a form of compensation, employees 

who receive options grants often have a hard time valuing these grants and managing 

their portfolios of options as part of their overall investment planning.  Many employees 

only estimate the value of options as the exercise value today and thus consistently 

devalue out-of-the-money options which may, in fact, be highly valuable.  An even more 

challenging problem is estimating the overall portfolio impacts of stock option grants.   

 

One of the early questions that we received in showing QRP to financial advisors was 

whether we could incorporate stock options into a portfolio.  In QRP Version 4.6, we 

introduced the capability to simulate a portfolio that includes a set of stock options with 

varying strike prices and expiration dates.  Based on discussions with financial advisors, 

this appears to be the first time that a portfolio management tool has been introduced for 

individuals that incorporated stock options into a Monte Carlo package.   
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Part I : Valuing Options on a Stand-Alone Basis 
 

The basic problem of valuing stock options is quite standardized.  We use the Black-

Scholes model to calculate the value of an option.  It is a good idea to start with valuing a 

set of options that are exchange traded to that you can calibrate the volatility that is used 

in the model.  To begin, we will look at the example of valuing options on MSFT (Figure 

20).   

John Doe

www.quantext.com

Options for : MSFT Recent Share 
Pr ice:

$27.02

Strike Price Shares Expiration
$20.00 1000 01/18/08 $8.66
$25.00 1000 01/18/08 $5.04
$30.00 1000 01/18/08 $2.61
$35.00 1000 01/18/08 $1.24
$40.00 1000 01/18/08 $0.55

$18,096.73

Current Expected Value Per Share

Preparation Date:

9/6/2005
Page 8: Stock Options

Total Current Value:

Retirement Planning Report
Prepared For:

  

Figure 20: Output using risk-calibrated results and 2 years of trailing data (through July 

2005) 

 

Using QRP’s data retrieval and risk-return balancing feature, we have automatically 

retrieved two years of historical stock data and calculated the trailing volatility, Beta, and 

other parameters for MSFT.  We then input the recent share price and a series of strike 

prices for the longest-dated exchange traded call options for MSFT (Figure 20).  The 

QRP model calculates the current value of these options.  We can easily compare the 

calculated values from Figure 1 to the most recent values traded in the market—and in 

this case they are very close (Figure 21).   
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In many cases, the trailing volatility (risk-balanced or pure historical) will not match the 

current market implied volatility nearly as closely as we see here.  If the values do not 

match up well, the user has several choices.  The first is to consider a different historical 

period.  In this example we have looked at the trailing two years, but we might just as 

easily have looked at the trailing five years, for example.  Also, the risk-balanced solution 

is impacted by the relationship between the overall market volatility in the historical 

period and the forward-looking market volatility specified for QRP.  It is also not 

unreasonable that the user may decide that the implied volatility in the current exchange 

traded options is not the value that he or she wishes to use as the basis for long-term 

volatility.  As a general rule, the implied volatility is often a reasonable baseline for 

‘adjusting’  the input value of standard deviation for an underlying equity.   
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Figure 21: Graphical comparison of value of call options expiring in January 2008 

between market quotes and the risk-balanced QRP values with no adjustment 

 

Because the current market’s implied volatility and the risk-balanced historical volatility 

calculated by the QRP are very similar, the values of the long-dated call options agree 
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very well in this case.  We may now feel some confidence in changing the options 

expiration dates and strikes to the longer-term periods of employee stock options.   

 

Part I I : Managing the Total Portfolio Impact of Options 
 

To examine the value of a series of long-dated stock options, it is helpful to examine a 

specific scenario---let’s call him John Doe: 

 

John Doe

www.quantext.com

Current Age 40 Assumed Inflation 
Rate (Annual)

Annual Standard 
Deviation of Market 
Return (% of normal)

Date of Retirement 2030 3.00% 70.00%

Age at Retirement 65 Annual Standard Deviation 10.55%
Annual Contribution (2005 
Dollars)

$14,000
Delta Return

Average Annual 
Return of Market

Current Portfolio Value $100,000 -1.00% 9.30%

Inflate Contributions at 
inflation?

Yes

Inflate Income Draw? Yes
Income in Retirement (2005 
Dollars)

$80,000

Page 1: Basic Input and Projections

Note: Delta Return is your estimate of the 
difference between annual return in the future 
and historical annual return from the S&P500

Prepared For :

Retirement Planning Report
Preparation Date:

9/6/2005

 

 Figure 22: Basic parameter for John Doe and market assumptions 

 

The first page of the QRP Retirement Planning Report enables the user to specify basic 

inputs for time until retirement, savings rates, inflation, performance of the market as a 

whole (average return and standard deviation), current portfolio value, and desired future 

income in retirement (Figure 22).  Once we have specified these inputs, we must next 

specify the portfolio allocation (Figure 23).  This portfolio is an arbitrary example for 

purposes of illustration.  It is allocated across a series of stocks and funds, and has a focus 
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in socially responsible investment (SRI) funds, as well as having a concentration in 

Microsoft stock.   

John Doe

www.quantext.com

Fund Name Beta
Standard 
Deviation 
(Annual)

Alpha (Annual)
Check

MSFT 30.2% 18.16% 8.83% OK

VFINX 96.4% 10.61% -1.07% OK

WAIDX 94.0% 11.73% -0.29% OK

PRBLX 62.9% 8.11% 0.81% OK

DSEFX 102.6% 11.62% -1.15% OK

CSIEX 88.4% 10.35% -0.45% OK

AQEIX 107.2% 12.42% -1.18% OK

WAGEX 99.9% 11.67% -0.86% OK

HCC 121.1% 24.50% 3.52% OK

ENR 77.2% 29.50% 10.07% OK

Note: This definition for Alpha has rolled in the risk-free rate of return

Fund Name
Percentage of 

Funds
Average Annual 

Return
Average Annual 

Return
Standard Deviation 

(Annual)

MSFT 20.0% 11.63%
VFINX 10.0% 7.86%
WAIDX 10.0% 8.46%
PRBLX 5.0% 6.63%
DSEFX 10.0% 8.35% Start: End:

CSIEX 10.0% 7.72% 7/31/2003 7/31/2005

AQEIX 10.0% 8.75%
WAGEX 10.0% 8.42%
HCC 10.0% 14.75%
ENR 5.0% 17.23%
Sums to 100.0% Historical Beta: 84.01%

Average Annual 
Return

Standard Deviation 
(Annual)

Historical Data 

Average Annual 
Return

Standard Deviation 
(Annual)

12.23% 8.06%

Simulated Portfolio Beta:
84.33%

Portfolio Stats

9.95% 10.24%

Annual Return = Beta x (Annual Return on S&P500)+Alpha

Market Index (S&P500)

9.30% 10.55%

Calculator by Quantext

Page 4: Fund Mix Using Beta

Retirement Planning Report
Prepared For: Preparation Date:

9/6/2005

 

Figure 23: Portfolio allocation for John Doe 
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The Quantext Retirement Planner retrieves historical data for the securities chosen by the 

user for the period specified—in this case the last two years.  QRP then calculates all of 

the required statistical parameters for simulating these securities as part of the overall 

portfolio (Beta, Standard Deviation, and Alpha).  The user can then select either pure 

historical parameters or what we call ‘ risk-return balanced’  parameters.  In short, the risk-

return balancing adjusts the projected risk and return associated with a security to be 

consistent with (1) assumed future market performance, and (2) observed balance 

between risk and return in the market.  These parameters are simply estimates and users 

are encouraged to adjust these parameters as they wish.  For this analysis, however, we 

have used the risk-return balanced parameters generated by the QRP.   

 

The analysis from the Monte Carlo engine projects that this portfolio has a Beta of 84% 

and that the historical Beta over the historical period used is very close to this value 

(Figure 23).  We can also see that our projected average annual return for the portfolio is 

lower than the average annual return that this portfolio has delivered over the past two 

years.  This occurs because the SRI funds in the portfolio are those that have had the 

highest recent returns and the risk-balancing feature of QRP lowers the projected future 

annual return because we cannot expect these funds to outperform indefinitely.   

 

It is on top of this portfolio that we will value the stock options that John Doe holds 

(Figure 24).  We have a series of five options grants, with a total present value of 

$17,584.  Note that three of the options grants are ‘out of the money.’   We can still easily 

calculate their current value.  Because they are dated so far into the future, they have 

considerable value.  We can also calculate the projected value of this portfolio of options 

at John’s retirement in 2030, but we must make certain assumptions about how and when 

he will exercise the options.  In QRP, the baseline assumption is that John will wait until 

the options expire to exercise them and that he will invest the proceeds (after taxes) in his 

overall portfolio allocation (Figure 23).  The Projected Value at Retirement is the median 

value of the portfolio of options and the proceeds invested after expiration.  In this case, 

the projected future value of this set of options is $217,000 (Figure 24).   
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The QRP Report also shows the projected ‘survival’  for the portfolio with and without 

the stock options (bottom of Figure 24).  The overall impact of the stock options on 

John’s future retirement income is notable, but it requires some consideration.  The stock 

options provide limited protection against the really extreme cases—in which John runs 

down his portfolio by age 80-82.  The stock options with subsequent re-investment of 

proceeds provide an additional five years of retirement income at the higher percentiles—

the more likely cases.   
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John Doe

www.quantext.com

Options for : MSFT Recent Share 
Pr ice:

$27.02

Strike Price Shares Expiration
$20.00 500 01/18/06 $7.24
$25.00 500 01/18/07 $4.00
$30.00 700 01/18/12 $5.90
$35.00 700 01/18/14 $5.52
$30.00 500 01/18/16 $8.49

$17,854.98

Tax Rate at Expiration: 35%

$217,001.40

Annual Draw $80,000
Portfolio with 
Options

Portfolio without 
options (page 5)

Probability of Running 
Out of Money

Age Age

10% 82 80
15% 84 82
20% 87 85
25% 91 86
30% 95 90
35% 100 95
40% Not Found 101
45% Not Found Not Found
50% Not Found Not Found

Retirement Planning Report
Prepared For:

Current Expected Value Per Share

Preparation Date:

9/6/2005
Page 8: Stock Options

Total Current Value:

Projected Value at Retirement:

 
Figure 24: Sample portfolio of employee stock options 
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Macro View of Stock Options 
 

The overall portfolio impact of adding stock options to a portfolio allocation strategy is a 

function of the specifics of the individual’s situation.  While it is fairly easy to calculate 

the current value of the options, assessing the long-term contribution to the portfolio is 

more challenging.  The QRP includes options in its Monte Carlo simulation, allowing a 

user to examine the impacts of the stock options on the total portfolio return and risk at 

various time horizons.   

 

The relative attractiveness of carrying a concentration in stock options is determined by 

such factors as the Beta and risk of the underlying stock, the Beta and volatility of the 

overall portfolio allocation, and the risk tolerance of the individual.  It is worth noting, for 

example, that the value of the portfolio of options (including reinvestment) at the 20th 

percentile is sometimes as little as 1/3 of the median value in this example.  This means 

that you have a 1-in-5 chance that you will end up with the portfolio of options being 

worth about 37% of the projected median value.  In this example, you have a 1-in-5 

chance that the value of the portfolio of options (with proceeds re-invested at exercise) 

will be $82,000 or less, while the median projected value is $217K.  The stock portfolio 

without options shows far less range.  The 20th percentile portfolio value at retirement age 

is 70% of the projected median value.  This in no way detracts from the attractiveness of 

options as part of the overall portfolio, but the probability of having options expire out of 

the money is often not negligible.     

 

The best way to account for the factors discussed in the previous paragraph (and through 

much of the rest of this chapter) is by using a Monte Carlo portfolio management model 

that accounts for options.  The approach in QRP is a standard application of methods that 

are routinely applied in a range of risk management applications but which are fairly 

uncommon in portfolio management applications for individuals.   
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Summary for Chapter 5 
 

Stock options are a substantial portion of many individuals’  portfolios, but too many 

people lack the tools to evaluate the standalone value of stock option grants, much less 

the overall portfolio impacts of a concentration of wealth in options.  By calibrating the 

valuation of long-term employee stock options with exchange traded options, a 

meaningful valuation of employee stock options is straightforward.  What is even more 

useful, however, is to be able to look at the value of stock options in conjunction with the 

total portfolio.  This can be accomplished using a Monte Carlo simulation of the portfolio 

together with option pricing models.  Because stock options can change in value 

disproportionately with changes in stock price, the overall risk-return value of stock 

options bears serious consideration.   

 

Key Questions for Chapter 5 
 

·  How do you currently value your stock options? 

·  How you calculate risk associated with options holdings? 

·  Do you have a way to estimate the risk-return impact of options on your total 

portfolio? 

·  How might you alter your overall portfolio strategy to balance the sensitivity of 

option values to stock price? 

·  How does the Beta of your employer’s stock impact the attractiveness of stock 

options in your portfolio? 

·  How might the Beta of your employer’s stock alter your portfolio management 

plans? 
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Chapter 6: Final Thoughts 
 

This whole discussion started with my assertion that most people simply don’ t have 

enough information at their fingertips to effectively manage their own portfolios of 

investments.  This situation may be okay for those who are funding their future incomes 

from a defined benefit pension plan, but these are becoming less and less common.  

Further, even beyond retirement accounts, we have become an ‘ownership society’  with 

widespread ownership of stocks and mutual funds.  Unfortunately, our knowledge has, in 

general, not kept pace.  This is the bad news.  The good news is that there has been 

enormous growth in the availability of information and tools that can facilitate more 

informed decision making.  For these knowledge resources to be effective, however, 

people have to use them!   

 

Using the Quantext Retirement Planner, we have illustrated a series of key issues in 

portfolio planning.  We have introduced key concepts of risk and variability in returns.  

We have examined how volatility in returns changes the required savings rates for 

funding future income.  These basic examples using QRP are consistent with analyses 

from other Monte Carlo models, and there is a paper on this topic on our website at 

www.quantext.com.  For a portfolio that is comprised of a diversified portfolio that is 

60% stocks and 40% bonds, you can ‘safely’  plan to draw about 4% per year as income.  

This result accounts for inflation and reasonable estimates of the future returns on stocks 

and bonds.  If you do not account for market risk, you will estimate that you can draw a 

great deal more out—and that is one of the major misconceptions that many people have.   

 

Many people have been told that they should be investing in progressively more 

conservative investments as they age.  A Monte Carlo planning tool helps to illuminate 

the good and bad sides of this approach.  Being too conservative in investment allocation 

can increase the probability of not meeting the levels of returns necessary to fund a 

specific retirement income.  Being too risk averse is a risk in itself.  This situation really 

illustrate why personal planning is important, as opposed to just using prescribed 

allocations.   
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While thinking in terms of investing a certain fraction of your portfolio in an S&P500 

index fund and another fraction in a bond index fund may be generally useful, many 

people (including myself) prefer a more active approach.  If you have a number of 

investment alternatives available to you, you can actually build and simulate your 

portfolio and see how this portfolio performs in the long term.  These simulations can 

provide considerable insight into the probability that your portfolio will support the future 

income stream that you need.  If you have a concentration of wealth in your employer’s 

stock, for example, it is very important to look at other investments that can help to 

balance your risk-return profile.  Monte Carlo simulation also helps you to determine 

how much risk you have on the short-term and long-term.  If you find a portfolio that 

appears to be a good candidate to fund your retirement but the calculated short-term 

volatility is too high, you may wish to modify the portfolio.  If your portfolio loses seven 

percent in a year, but the Monte Carlo simulation tells you that this happens at the 15th 

percentile, you will be less likely to lose sleep because these losses are within the 

expected level of volatility for the portfolio.   

 

One of the largest mistakes that people make in managing their portfolios is to constantly 

chase the leading stocks and funds.  While there is some evidence that ‘momentum’  

investing can have value, playing follow-the-leader in asset allocation is more likely to 

lead to disappointment and poor outcomes.  The risk-return balancing in portfolio 

simulation in QRP helps to correct for these effects.  Risk-return balancing simply takes 

historical volatility (risk) for a stock or fund and adjusts the future expected return to that 

risk and return for that stock or fund are consistent with the historical balance between 

risk and return in U.S. stocks and bonds. Seeing the risk-balanced projected returns on 

the fund or stock that has recently led its peers can be sobering and help to avoid 

portfolio planning errors.  There are many people who were estimating that they could 

retire early on the basis of extrapolating recent returns into the future, without accounting 

for risk or the fact that the recent returns might simply be manifestations of short-term 

phenomena.  We have written a white paper on this topic that is available on our website 

(www.quantext.com).  Using data available prior to the dot com market crash, we 
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projected risk and return for a portfolio allocated among some of the firms that had 

exhibited unerring growth for years.  By employing risk-return balancing in driving the 

Monte Carlo engine, the simulated portfolio demonstrated a realistic estimate of the 

potential for major losses.   

 

While the QRP estimates future risk and return parameter for stocks and funds, it allows 

the user to adjust estimates for individuals stocks and funds.  This can be very important.  

You may have reason to believe to that a specific sector or firm has future prospects 

better or worse that our historically-driven approach would suggest.  I advocate a critical 

view of the automated parameters, but in my experience they provide a good and fairly 

conservative baseline.   

 

There are a number of ‘ flags’  that can show up when you simulate your real portfolio 

allocation.  One of these is to find that your portfolio has an excessive value of Beta.  A 

high value of Beta means that your portfolio will tend to amplify market volatility.  

People often have portfolio with high Beta without realizing it.  There are many good 

low-beta assets that can hedge some of the risk in a high Beta portfolio.  Gold is one of 

these.  Timber is also low-Beta.  Certain types of firms tend to be low-Beta.  Re-insurers 

are one of my personal favorites.  Johnson and Johnson is an example of a fairly low-

Beta stock.  There are, of course, also bond funds and this is one of the major motivators 

for including bonds in a portfolio.   

 

Another flag that shows up in portfolio analysis is if your portfolio’s projected standard 

deviation in return is much higher than that of the market as a whole.  There is nothing 

inherently wrong with this situation, but you must understand what this means as far as 

losses that can be sustained and how this impacts your probability of reaching your 

portfolio goals.   

 

As you look at incrementally ‘ tuning’  the risk and return of your portfolio, the 

attractiveness of adding some high risk / return asset can be determined by looking at 

whether adding that asset improves the 5th percentile or 10th percentile survival ‘age’  for 
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your portfolio.  The effect of such a portfolio allocation is also impacted by how long you 

have until retirement and other personal factors.   

 

Stock options are a substantial component of compensation for many workers.  Many 

people have no real idea of how to value stock options on a standalone basis or as a 

component of the total portfolio.  QRP can account for employee stock options and we 

have found that the results from a total portfolio approach to stock options can be very 

valuable.   

 

There is no question that improved portfolio management tools can help people in 

personal portfolio management.  The purpose of this book is to show people what is 

possible in current practice.  Even if you decide not to use a portfolio planning tool, the 

discussions provided in this book will help you to understand how the attributes of 

various investment classes are important in determining the future income that your 

portfolio will be able to support.  If you do decide to use a portfolio planning tool such as 

QRP, you will probably find that you manage your portfolio differently.  There is no 

substitute for a total portfolio view.   

 

Additional Thoughts – Spring 2006 
 
Since I first wrote this text on portfolio planning and management using quantitative 
tools such as Monte Carlo, I have learned a great deal.  We first made the software 
broadly available at the start of 2006 and interactions with users has helped to shape the 
way that I present information about statistical issues, provided interesting case studies, 
etc.  Over this same period, I have also been regularly publishing articles on 
ETFinvestor.com about asset allocation and portfolio management.  These articles are 
also available on Quantext.com: 
 
http://www.quantext.com/subpage.html 
 
There are a number of important issues that these papers deal with that are not covered in 
this mini-text.  The first of these is income investing.  The second issue is quantifying and 
managing non-market risk / correlation.  Both of these can really impact how you want to 
manage a portfolio.  I considered adding my articles on these topics to this text but have 
decided against this in the interests of not making this document too cumbersome.  If you 
are interested, you can download these papers from Quantext.com. 
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Appendix A: User Issues for QRP/ QPP 

 

The Quantext Retirement Calculator is written as a Microsoft EXCEL spreadsheet.  Thus, 

you must have Microsoft EXCEL in order to run this model.   512MB of RAM is 

suggested.  To start the model, simply click on the icon called Retirement Calculator 

v4.xls on the disk provided.  You can also simply open this file from within Microsoft 

EXCEL.  If you want to generate risk and return parameters for individual stocks and 

funds, you must also open the file called QRPdata.xls.  When/if you are asked whether 

you want to enable macros, you must enable macros.  You must also enable the Analysis 

ToolPak in EXCEL if you have not already done so.  To do this, simply go to Tools > 

Add Ins and then select Analysis ToolPak. 

 

The model is written to produce printer-friendly reports that are totally customized to 

user needs.  In the version of the model provided with this book, you can change inputs 

that are shown in red and all other values are calculated by the model.  There are some 

set-up issues in EXCEL that are useful.  One of these is simply that the page borders for 

printing in EXCEL will vary between computers—this is a user-controlled variable.  To 

get proper printing of the reports, you need to make sure that your computer’s borders are 

set up properly.  This is easily done by choosing FILE > Pr int Preview and then pushing 

the button Page Break Preview.  This will allow you to view the report and adjust the 

page borders (by clicking and dragging) to match the report’s page borders if they do not 

already.  The Reports are designed to fit nicely on a series of pages and will be very 

readable once you match up the borders.  The reports are also nicely formatted for the 

creation of Adobe PDF files for later review.  If you wish to save a PDF file of a report, 

simply print the report to the PDF writer.  If you wish to have this option but do not own 

Adobe Acrobat writer, you may wish to download the free and very good PDF file 

creator available at www.cutepdf.com.   
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About Geoff Considine and Quantext 
 

Quantext is a consulting and software firm that works on portfolio and risk modeling and 

management for applications ranging from insurance to trading and investment strategy.  

Quantext works on risk management projects for clients ranging from government 

agencies to large trading desks.  We have also provided litigation support in complex 

financial cases, with a focus on trading and risk management applications.  Our clients 

include large public companies in the United States and overseas.  

 

We also work on developing applications and training materials to assist individual 

investors.  This effort was inspired by a belief that many of the sophisticated tools and 

methods that are available to corporate clients could be adapted to help individual 

investors.  Quantext started to bring these products to market in 2005.   

 

Quantext was founded in March 2002 by Geoff Considine.  Geoff previously served as 

Vice President for e-Acumen, a venture-funded firm that developed portfolio risk 

management and trading applications for energy firms.  Core products included a range 

of Monte Carlo simulation tools.  The company counted among its clients many of the 

largest diversified energy firms in the United States as well as overseas. 

 

Geoff has also worked as a quantitative analyst and strategist as part of a large trading 

organization, Aquila Energy.  In that role, Geoff developed and applied derivative pricing 

models and portfolio management tools in running portfolios, including advanced Monte 

Carlo techniques. 

 

Before entering finance, Geoff was employed by NASA as a research scientist 

performing statistical analysis and modeling on a variety of topics pertaining to 

atmospheric sciences.  Geoff holds a B.S. in Physics from Georgia Tech and an M.S. and 

Ph.D. in Atmospheric Science from the University of Colorado at Boulder.   
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