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Summary 

This report develops an approach to categorize the investment risks associated with 
typical retirement account portfolios in 401(k) plans, other defined contribution 
(“DC”) plans, or Individual Retirement Accounts (“IRAs”). Risk is defined here in 
terms of the volatility of rates of return over time. Based on a review of the historical 
volatility of representative retirement portfolios, this report suggests and discusses 
several definitions of investment risk categories, or “risk classes.” Ultimately, these 
risk classes may potentially serve as a basis for benchmarking the performance of 
investment managers. 
 
Specifically, we analyze the historical volatility of monthly returns on portfolios 
similar to those in retirement accounts. We find that the volatilities of some 
portfolios are themselves quite variable, so that absolute volatility ranges often 
overlap across portfolios and are of limited help to distinguish the portfolios from one 
another.  
 
This report shows that measures of volatility relative to a broad-based equity and 
bonds portfolio are more stable over time and better preserve the relative ranking of 
portfolios to one another. Also, as may be expected, the longer the period over 
which volatility is calculated, the more stable the volatility metric is for any single 
portfolio. We explore several alternative formulations and suggest one for further 
consideration. 
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1. Introduction 

The historical rate of return is, of course, a key factor in evaluating the performance 
of an investment portfolio. However, it is not the only factor on which to evaluate a 
portfolio. Large returns on risky investments may have been the result of chance 
rather than of the skills of the investment manager. Another important aspect of the 
performance of an investment or of an investment manager is therefore the 
embedded level of investment risks.  
 
This report supports an effort by the Employee Benefits Security Administration 
(“EBSA”) of the U.S. Department of Labor (“DOL”) to measure and categorize the 
risks of investment portfolios. Specifically, this report develops an approach to 
categorize the risks associated with typical retirement account portfolios in 401(k) 
plans, other defined contribution (“DC”) plans, or Individual Retirement Accounts 
(“IRAs”).1 Risk is defined here in terms of the volatility of rates of return over time. 
For example, an investment which year-in and year-out yields a steady rate of return 
is considered less risky than an investment with high returns in some years and low 
(or negative) returns in others. Based on a review of the historical volatility of 
retirement portfolios, this report suggests and discusses several definitions of 
investment risk categories, or “risk classes.” Ultimately, these risk classes may 
potentially serve as a basis for benchmarking the performance of investment 
managers. 
 
Based on discussions with EBSA, this report evaluates several potential risk class 
definitions based on the following criteria: 
 

1. Risk classes should distinguish portfolios with different asset compositions 
from one another, 

2. Risk classes should be broad enough so that investment portfolios with similar 
asset compositions usually fall within the same risk class over time, 

3. Risk classes should be narrow enough so that a person would not be able to 
design a portfolio to aim for the high end or other particular portion of a risk 
class, and 

4. Risk classes should be similarly sized and defined in a straightforward 
manner. 

 
This report is organized as follows. Section 2 starts with a brief literature summary of 
representative investment portfolio asset allocations found in personal retirement 
accounts. Based on those retirement portfolio allocations, it proposes an illustrative 
group of hypothetical portfolios. Section 3 describes the metrics used to evaluate a 
portfolio’s risks and suggests several risk class definitions based on those risk 
metrics. Section 4 presents the risk levels of the illustrative portfolios over various 
periods from 1980 to 2011. It discusses the strengths and weaknesses of alternative 
classifications and suggests one risk class definition for further consideration. Section 
5 concludes. 

                                          
1 EBSA retained Deloitte Financial Advisory Services LLP (“Deloitte FAS”) to assist 
with this effort. Advanced Analytical Consulting Group Inc. (“AACG”) served as a 
subcontractor to Deloitte FAS. 
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2. Asset Allocations 

Overview 

We begin by defining the portfolios that will be used in the analysis. As noted above, 
the objective is to select portfolios that are representative of those in DC plans and 
IRAs. 

Literature Findings 

To determine the portfolios that might be of interest for this analysis we conducted a 
brief review of literature on asset allocations in DC plans and IRAs. (See the 
References section for a listing of specific sources.) The key findings of this literature 
review included: 
 

 On average, about 60-65% of balances in DC plans were invested in equities 
and 35-40% were invested in such fixed-income securities as stable value 
funds, bond funds, or money market funds. 

 Equity holdings vary widely across DC plan participants. About 10% of 
participants had no equity holdings and about 40% held more than 80% of 
their account balances in equities. 

 Nearly one in five 401(k) participants had asset allocations of 100% fixed 
income or 100% equity. 

 Professionally managed allocations, such as target-date funds, have grown in 
prominence. One-third of all DC plan participants at The Vanguard Group, 
Inc., a fund manager, had their entire balance invested in a single target-date 
fund, a balanced fund, or a managed account advisory service. Twenty-five 
percent of 401(k) participants in a database maintained by the Employee 
Benefit Research Institute (“EBRI”) held more than 90% of their account 
balances in balanced funds. 

 Nearly 10% of balances were held in employer company stock. Among 
participants in plans that offered employer company stock, 30% held more 
than 20% of their account balance in employer company stock. 

 Asset allocation in DC plans varied with participant age. Younger plan 
participants tended to hold more of their account balances in equities and 
balanced funds, and less in employer company stock than older plan 
participants. 

Asset Classes 

Apart from employer company stock, most portfolios in DC plans and IRAs consist of 
mutual funds comprised of stocks or bonds.2 Table 1 describes the asset classes used 
to construct the portfolios analyzed in this report. 

                                          
2 Portfolios in DC plans or IRAs may also contain (deferred) annuities or other 
insurance contracts. We exclude such products from this analysis because their 
design varies widely and because the volatility of their returns may not be readily 
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Table 1. Asset Classes and Potentially Representative Securities or Indices 

 
 
Each of the above securities and indices represents or is illustrative of its 
corresponding asset class. We proxy the Overall U.S. Equity asset class with the 
Russell 3000 Index because this index represents the largest 3,000 U.S. companies, 
or approximately 98% of the investable U.S. equity market (Russell Investments, 
2012a). Our Large Cap Equity asset class proxy—the Standard and Poor’s 500 
Index—includes 500 of the largest U.S. companies (Standard & Poors, 2012), while 
our Small Cap Equity asset class proxy—the Russell 2000 Index—includes 
approximately 2,000 of the Russell 3000 Index’s smallest securities (10% of the 
Russell 3000 Index’s market capitalization; Russell Investments, 2012b). To 
represent individual company stock, we use two companies from the technology and 
consumer goods industries—International Business Machines Corporation (denoted 
by the stock ticker symbol “IBM”) and The Coca-Cola Company (“KO”). Our 
International Equity proxy—MSCI World Index—represents the large- and mid-cap 
equities of 24 developed markets countries, including Canada, Australia, Japan and 
Western Europe (MSCI, 2012). The Barclays U.S. Aggregate Bond Index represents 
the U.S. investment-grade, fixed-rate taxable bond market of Treasury bonds and 
mortgage-backed securities as well as other riskier bonds (Barclays, 2012). Finally, 
the 3-month Treasury (“T-bill”) Secondary Market Rate approximates the money 
market class. 
 
Historical price or index data were obtained through Bloomberg Finance L.P. 
(“Bloomberg”).3 The series were adjusted for such events as stock splits, dividend 
payments, and spinoffs. To calculate a security’s monthly return, we compared 
closing prices on the final trading day of each month. 
 
Historical T-bill yield data were obtained from the Federal Reserve Economic Data 
(FRED) website maintained by the Federal Reserve Bank of St. Louis.4 We converted 
yield data into monthly rates of return using the method discussed below. 

                                                                                                                            
determined. Typically, they are designed to guarantee certain returns and face lower 
volatility than their underlying assets. 
3 This data was used with the permission of Bloomberg. Deloitte FAS and AACG 
performed all calculations. 
4 http://research.stlouisfed.org/fred2/. 

Asset Class Security/Index Type, Freq. Earliest date
Equity
Overall U.S. Equity Russell 3000 Index Index, Daily 1979
Large Cap Equity Standard and Poor's 500 Index Index, Daily 1970
Small Cap Equity Russell 2000 Index Index, Daily 1979
Individual Company Coca-Cola Price, Daily 1968*
Individual Company IBM Price, Daily 1968*
International Equity MSCI World Index Index, Daily 1972

Bond
U.S. Bond Barclays U.S. Aggregate Bond Index Index, Monthly 1976
Money Market 3-Mth Treasury Secondary Market Rate Yield, Daily 1954

* While shares in Coca-Cola and IBM were traded before 1968, the earliest year for which 
their prices were available through our data source is 1968.
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Portfolios 

Table 2 describes the 20 illustrative portfolios analyzed in this report. They were 
chosen to broadly capture the types of portfolios that DC plan participants and IRA 
holders tend to construct. Each row shows the percentages of individual asset classes 
that comprise each portfolio. 
 

Table 2. Illustrative Portfolios by Asset Class 

 
 
The sample period is limited by the period of time over which data for the indices or 
securities noted above were available. We analyze portfolios from 1980 (the earliest 
full year for which data for all underlying asset classes were located) to 2011. 
 
 

Earliest 
date

Overall 
U.S.

Large 
Cap

Small 
Cap

Coca-
Cola IBM Foreign

Overall 
U.S.

Money 
market

1. U.S. Equity 1979 100%
2. Large Cap 1970 100%
3. Small Cap 1979 100%
4. Coca-Cola 1970 100%
5. IBM 1970 100%
6. Foreign Equity 1972 100%
7. U.S. Bond 1976 100%
8. 3-Month T-bill 1954 100%
9. Mix 20/80 1979 20% 80%

10. Mix 40/60 1979 40% 60%
11. Mix 60/40 1979 60% 40%
12. Mix 80/20 1979 80% 20%
13. Bond Blend 1976 50% 50%
14. Foreign 20 1979 20% 20% 20% 20% 20%
15. Foreign 40 1979 10% 10% 40% 20% 20%
16. Foreign 60 1979 0% 0% 60% 20% 20%
17. 50/30/20KO 1979 25% 25% 20% 15% 15%
18. 50/30/20IBM 1979 25% 25% 20% 15% 15%
19. 40/20/40KO 1979 20% 20% 40% 10% 10%
20. 40/20/40IBM 1979 20% 20% 40% 10% 10%

Equity Bond

Portfolio
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3. Volatility Metrics 

Overview 

There are a number of different ways to measure the volatility in the returns of a 
financial asset (see, for example, Brien, Panis, and Padmanabhan, 2010). There are 
also a number of periods of historical data over which the volatility measure can be 
calculated. 

Absolute Volatility 

Based on discussions with EBSA, the (absolute) volatility metric for this analysis is 
the annualized standard deviation of monthly returns based on either one, three, 
five, or ten years of data (12, 36, 60, and 120 monthly returns, respectively). For 
any given year, this is defined as (Elton et al., 2007): 

12
1
, (1) 

where  is the arithmetic rate of return for trading month t,  is the average 
monthly return over the year at issue, and T is the number of months of historical 
data used in the calculation. 
 
We calculate monthly rates of return, , from daily index and price data as follows: 

, (2) 

where  is the index value or price on the last day of trading month t and  is the 
index value or price on the last day of the prior trading month. 
 
To calculate the rate of return for 3-month T-bill yields, we first convert the yields 
into corresponding hypothetical prices of T-bills with a face value of $1. We then 
calculate the rate of return of holding a 3-month T-bill for one month and reselling it 
at the then-current market price.5 
 
According to the Board of Governors of the Federal Reserve System, 3-month T-bill 
yields are reported on a pure discount basis and annualized using a 360 day year. 
Discount-basis annualized yield, , is defined as (Anson et al., 2010): 

360
, (3) 

                                          
5 Strictly speaking, this is the rate of return from buying a T-bill with a maturity of 
three months and selling one with a maturity of two months. According to series 
published by the Wall Street Journal, historical yields of 3-month and 2-month T-bills 
were very close to one another. 
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where  is the T-bill’s face value,  is the T-bill’s discounted market price, and  is 
the number of days to maturity. Rearrange equation 3 to determine a T-bill’s 
discounted market price as follows: 

1
360

 (4) 

Using equation 4, we convert 3-month T-bill yields into hypothetical purchase price, 
, and selling price, , of T-bills with a face value of $1 as: 

1
90
360

5

1
60
360

, (6) 

where  is the annualized yield on the last day of trading month t and  is the 
annualized yield on the last day of the prior trading month. The rate of return follows 
from substituting equations 5 and 6 into equation 2, and its volatility from 
equation 1. 

Relative Volatility 

In addition to absolute volatility, measured as the annualized standard deviation of 
monthly returns, we present relative metrics that measure portfolios’ volatility 
relative to a measure of aggregate market risk. Based on discussions with EBSA, we 
constructed these relative metrics with several objectives in mind. These included: 
 

1. Risk classes should distinguish portfolios with different asset compositions 
from one another, 

2. Risk classes should be broad enough so that investment portfolios with similar 
asset compositions usually fall within the same risk class over time, 

3. Risk classes should be narrow enough so that a person would not be able to 
design a portfolio to aim for the high end or other particular portion of a risk 
class, and 

4. Risk classes should be similarly sized and defined in a straightforward 
manner. 

 
We considered a number of different relative volatility formulations, several of which 
are presented below. We first chose an objective measure of overall market volatility 
to underlie our relative risk class formulations. We use the absolute volatility of a 
continuously rebalanced 50-50 portfolio of the Russell 3000 Index and the Barclays 
U.S. Aggregate Bond Index to proxy overall market volatility.6 The Russell 3000 

                                          
6 Some contributions to the finance literature captured aggregate equity market 
volatility through the New York Stock Exchange (“NYSE”) Composite Index. We 
calculated the correlation between the Russell 3000 and the NYSE Composite Index 
over the 1980-2011 period to be 0.98. Since the Russell 3000 is already in our 
analysis, we focused on the Russell 3000. Separately, some researchers have used 
volatility of U.S. Gross Domestic Product (“GDP”) growth to capture aggregate risk. 
However, we found its volatility over the 1980-2011 period to be very low relative to 
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Index measures the performance of the largest 3,000 U.S. companies currently 
representing approximately 98% of the investable U.S. equity market, whereas the 
Barclays U.S. Aggregate Bond Index contains approximately 8,200 fixed income 
issues and is valued at around $15 trillion, representing 43% of the total U.S. bond 
market in 2010 (Babson Capital, 2011).  
 
Table 3 describes the three relative volatility formulations used to classify portfolios’ 
risk in this report. They classify portfolios into risk categories ranging from either 1 
to 12 or 1 to 17, where 1 is the lowest volatility and 12 or 17 is the most volatile 
category. We define market volatility as the absolute volatility of one-half of returns 
on the Russell 3000 Index plus one-half of returns on the Barclays U.S. Aggregate 
Bond Index. Each relative category is defined on the basis of the ratio of a portfolio’s 
absolute volatility to the market volatility. For all three formulations, the volatility of 
this market portfolio falls in category 6 by definition. The first formulation creates 12 
risk classes, based on various ranges of the ratio of portfolio risk to market risk. The 
second formulation is identical to the first except it extends the risk classification to 
17 categories rather than 12. Finally, the third formulation utilizes a logarithmic 
scale.7 
 

Table 3. Definition of Volatility Categories Relative to Market Risk 

 1 2 3* 
Category Min. Max. Min. Max. Min. Max. 

1 0.0 0.1 0.0 0.1 0.00 0.37 
2 0.1 0.3 0.1 0.3 0.37 0.47 
3 0.3 0.5 0.3 0.5 0.47 0.61 
4 0.5 0.7 0.5 0.7 0.61 0.78 
5 0.7 0.9 0.7 0.9 0.78 1.00 
6 0.9 1.1 0.9 1.1 1.00 1.28 
7 1.1 1.3 1.1 1.3 1.28 1.65 
8 1.3 1.5 1.3 1.5 1.65 2.12 
9 1.5 1.7 1.5 1.7 2.12 2.72 

10 1.7 1.9 1.7 1.9 2.72 3.49 
11 1.9 2.1 1.9 2.1 3.49 4.48 
12 2.1 No max 2.1 2.3 4.48 No max 
13   2.3 2.5   
14   2.5 2.7   
15   2.7 2.9   
16   2.9 3.1   
17   3.1 No max   

* The first threshold of Formulation 3 is equal to exp(-1)≈0.37, the second is 
exp(-0.75)≈0.47, the third is exp(-0.5)≈0.61, et cetera. The highest 
threshold is exp(1.5)≈4.48. 

 

                                                                                                                            
that of the asset classes in our analysis. The only exception were 3-month T-bills, 
whose returns were only slightly less volatile than GDP growth. 
7 We also considered alternative formulations in which the market risk was judged 
relative to a low risk asset, 3-month T-bills. Specifically, we considered s plus a 
multiple of (m-s), where s is the volatility of 3-month T-bills and m is the volatility of 
market risk. Separately, we considered formulations in which m represented equity 
risks only and omitted bond risks. 
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4. Analysis 

Overview 

This section starts by showing, for each year from 1980 through 2011, the absolute 
volatility of the eight asset classes underlying all 20 portfolios analyzed in this report. 
It proceeds to show the absolute volatility of all 20 portfolios. Next it displays relative 
volatility ratios for the eight asset classes. It continues with an exploration of 
alternative categorizations of relative volatility for all 20 portfolios relative to those of 
a broad-based equity and bond portfolio, and suggests one categorization for further 
consideration. With the exception of the exploratory stage, throughout it presents 
volatilities calculated over periods of one, three, five, and ten years. 

Absolute Volatility of Asset Class Proxies Over Time 

Figure 1 displays the annualized standard deviation of monthly returns of the eight 
asset classes listed in Table 1. Each quadrant presents the annualized standard 
deviations of monthly returns calculated over different rolling periods of historical 
data—one, three, five, and ten years. Overall, equity assets tend to be more volatile 
than bonds. Individual company stocks tend to be the most volatile, and 3-month T-
bills the least volatile. The volatilities of U.S. Equity and S&P 500 portfolios were 
almost identical to one another. Volatility levels appear to be elevated during periods 
of macroeconomic uncertainty (e.g., the 1987 stock market crash, the bursting of 
the dotcom bubble in the early 2000s, and the 2008 financial crisis), suggesting that 
underlying macroeconomic conditions contribute to asset return volatility. However, 
volatility appears to increase and decrease in unison across asset classes. Also, the 
volatility ranges of the asset classes depicted overlap over time, implying that 
(absolute) volatility is of limited help in distinguishing the volatilities of portfolios 
from one another. Taken together, this suggests that adjusting for aggregate 
volatility may help a comparison of volatility across asset classes. The relative 
volatility categories discussed above are designed to implement such an adjustment. 
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Figure 1. Annualized Standard Deviation of Monthly Returns of Selected Asset Classes (1980-2011) 
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Absolute Volatility of Illustrative Portfolios 

This section presents the absolute volatility of all portfolios listed in Table 2 as 
measured by annualized standard deviations of monthly returns for 1980 through 
2011. The first table, Table 4, is based on one year of data (12 monthly returns). For 
example, its value for the Small Cap Equity portfolio (100% in the Russell 2000) in 
1987 shows that the absolute volatility of the Small Cap Equity portfolio was 0.3731 
for the 12 months of 1987. This was, in fact, the highest volatility for this portfolio 
over the 1980-2011 time period. In contrast, the Large Cap Equity portfolio (one 
column to the left) has a lower volatility in almost all years (the exception being 
1989).  
 
Tables 5, 6 and 7 present the corresponding values for the volatility measure 
calculated using rolling periods of three, five and ten years, respectively. For 
example, the three-year metric for 1990 is based on monthly returns for January 
1988 through December 1990. 
 
The tables apply a color-coding scheme that mathematically assigns green to the 
table’s lowest value, yellow to the median, and red to the highest value, with mixed 
shades in between. The portfolio with 100% of the assets in 3-Month T-Bills 
experienced the lowest risk of all portfolios and is depicted in green. The highest 
volatility is generally found among the two individual company stocks.  
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Table 4. Annualized Standard Deviation of Monthly Returns, 1-Year Period 

 
Absolute volatility of 20 illustrative portfolios, measured as the standard deviation of 
12 monthly returns over a one-year period. 
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1995 0.0531 0.0512 0.0967 0.1020 0.2583 0.0873 0.0351 0.0011 0.0308 0.0311 0.0358 0.0436 0.0176 0.0393 0.0431 0.0504 0.0438 0.0657 0.0548 0.1109
1996 0.1077 0.1083 0.1489 0.1605 0.3613 0.0816 0.0429 0.0008 0.0466 0.0576 0.0726 0.0896 0.0215 0.0622 0.0564 0.0530 0.0746 0.1057 0.0904 0.1645
1997 0.1510 0.1592 0.1616 0.3191 0.3101 0.1428 0.0365 0.0011 0.0546 0.0771 0.1012 0.1259 0.0183 0.0883 0.0881 0.0902 0.1254 0.1272 0.1713 0.1718
1998 0.2253 0.2148 0.2741 0.3573 0.3356 0.1962 0.0270 0.0017 0.0414 0.0849 0.1312 0.1782 0.0140 0.1320 0.1222 0.1145 0.1714 0.1701 0.2137 0.2084
1999 0.1326 0.1314 0.1867 0.4022 0.3348 0.1219 0.0270 0.0011 0.0395 0.0605 0.0838 0.1080 0.0137 0.0827 0.0779 0.0752 0.1173 0.1191 0.1795 0.1677
2000 0.1715 0.1713 0.2839 0.3054 0.3533 0.1444 0.0283 0.0019 0.0485 0.0774 0.1083 0.1398 0.0144 0.1015 0.0932 0.0901 0.0739 0.1361 0.0954 0.1816
2001 0.2033 0.1985 0.2391 0.2103 0.4547 0.1820 0.0378 0.0045 0.0393 0.0748 0.1165 0.1597 0.0199 0.1168 0.1110 0.1063 0.1240 0.1837 0.1366 0.2523
2002 0.2007 0.2061 0.2299 0.2229 0.5434 0.1930 0.0375 0.0005 0.0272 0.0655 0.1098 0.1551 0.0187 0.1145 0.1119 0.1107 0.1258 0.1912 0.1442 0.2788
2003 0.1146 0.1139 0.1622 0.2011 0.1338 0.1226 0.0526 0.0006 0.0463 0.0535 0.0703 0.0914 0.0264 0.0760 0.0746 0.0746 0.0962 0.0792 0.1204 0.0869
2004 0.0806 0.0725 0.1456 0.1852 0.1367 0.0819 0.0404 0.0012 0.0372 0.0418 0.0522 0.0656 0.0203 0.0596 0.0549 0.0508 0.0731 0.0751 0.0950 0.0895
2005 0.0854 0.0781 0.1451 0.1196 0.2540 0.0819 0.0314 0.0019 0.0277 0.0359 0.0505 0.0674 0.0159 0.0577 0.0520 0.0486 0.0638 0.0960 0.0711 0.1348
2006 0.0643 0.0570 0.1361 0.0679 0.1554 0.0745 0.0270 0.0016 0.0271 0.0328 0.0419 0.0527 0.0139 0.0511 0.0476 0.0453 0.0459 0.0670 0.0419 0.0862
2007 0.0986 0.0969 0.1241 0.1321 0.1733 0.0933 0.0264 0.0029 0.0214 0.0352 0.0552 0.0766 0.0136 0.0578 0.0552 0.0542 0.0708 0.0759 0.0844 0.0979
2008 0.2233 0.2099 0.2845 0.2165 0.3025 0.2363 0.0609 0.0045 0.0766 0.1076 0.1442 0.1832 0.0302 0.1479 0.1466 0.1471 0.1498 0.1790 0.1586 0.2118
2009 0.2268 0.2231 0.2928 0.2267 0.1421 0.2327 0.0334 0.0004 0.0650 0.1039 0.1444 0.1855 0.0168 0.1505 0.1465 0.1438 0.1577 0.1401 0.1688 0.1311
2010 0.1984 0.1931 0.2421 0.1616 0.1572 0.2060 0.0291 0.0003 0.0319 0.0704 0.1125 0.1553 0.0145 0.1223 0.1207 0.1208 0.1291 0.1317 0.1366 0.1400
2011 0.1706 0.1597 0.2331 0.0969 0.1418 0.1767 0.0235 0.0003 0.0325 0.0645 0.0994 0.1349 0.0117 0.1111 0.1075 0.1047 0.1020 0.1102 0.0930 0.1118
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Table 5. Annualized Standard Deviation of Monthly Returns, 3-Year Period 

 
Absolute volatility of 20 illustrative portfolios, measured as the annualized standard 
deviation of 36 monthly returns over a rolling three-year period. 
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1982 0.1788 0.1692 0.2231 0.2155 0.2024 0.1516 0.1260 0.0126 0.1178 0.1204 0.1331 0.1535 0.0668 0.1155 0.1082 0.1033 0.1277 0.1294 0.1415 0.1425
1983 0.1493 0.1447 0.1868 0.2124 0.1958 0.1288 0.0950 0.0114 0.0964 0.1037 0.1158 0.1313 0.0498 0.0983 0.0923 0.0889 0.1122 0.1098 0.1296 0.1238
1984 0.1493 0.1453 0.1833 0.1964 0.1964 0.1322 0.0713 0.0074 0.0754 0.0878 0.1055 0.1265 0.0375 0.0942 0.0888 0.0857 0.1050 0.1115 0.1201 0.1290
1985 0.1263 0.1206 0.1699 0.1842 0.1875 0.1105 0.0652 0.0042 0.0662 0.0750 0.0892 0.1068 0.0334 0.0805 0.0750 0.0726 0.0866 0.1023 0.1002 0.1219
1986 0.1481 0.1459 0.1659 0.1983 0.1840 0.1327 0.0642 0.0055 0.0691 0.0829 0.1022 0.1243 0.0330 0.0887 0.0851 0.0865 0.1037 0.1079 0.1212 0.1248
1987 0.2113 0.2104 0.2502 0.2431 0.2299 0.1685 0.0617 0.0040 0.0694 0.0970 0.1326 0.1713 0.0321 0.1220 0.1103 0.1037 0.1520 0.1516 0.1732 0.1711
1988 0.2058 0.2066 0.2432 0.2210 0.2342 0.1749 0.0570 0.0031 0.0656 0.0935 0.1287 0.1667 0.0293 0.1188 0.1096 0.1066 0.1471 0.1472 0.1657 0.1677
1989 0.1941 0.1951 0.2333 0.2158 0.2410 0.1711 0.0539 0.0043 0.0595 0.0856 0.1195 0.1562 0.0280 0.1122 0.1039 0.1014 0.1381 0.1427 0.1564 0.1664
1990 0.1411 0.1410 0.1745 0.2164 0.2074 0.1694 0.0492 0.0034 0.0606 0.0778 0.0977 0.1190 0.0252 0.0897 0.0933 0.1056 0.1096 0.1061 0.1323 0.1262
1991 0.1582 0.1575 0.1917 0.2344 0.2169 0.1788 0.0418 0.0035 0.0575 0.0801 0.1052 0.1314 0.0211 0.0997 0.1016 0.1114 0.1247 0.1112 0.1504 0.1296
1992 0.1490 0.1457 0.2003 0.2253 0.2769 0.1669 0.0395 0.0053 0.0549 0.0762 0.0997 0.1241 0.0202 0.0955 0.0961 0.1049 0.1200 0.1100 0.1440 0.1400
1993 0.1070 0.1065 0.1449 0.1788 0.3030 0.1249 0.0336 0.0041 0.0403 0.0539 0.0705 0.0884 0.0176 0.0677 0.0700 0.0782 0.0869 0.0884 0.1079 0.1337
1994 0.0810 0.0806 0.1199 0.1531 0.2973 0.1082 0.0405 0.0022 0.0429 0.0494 0.0585 0.0692 0.0205 0.0551 0.0594 0.0691 0.0625 0.0777 0.0793 0.1263
1995 0.0833 0.0833 0.1034 0.1396 0.2501 0.1048 0.0430 0.0037 0.0464 0.0530 0.0618 0.0721 0.0223 0.0560 0.0592 0.0662 0.0624 0.0752 0.0768 0.1135
1996 0.0965 0.0972 0.1214 0.1464 0.2776 0.0938 0.0465 0.0029 0.0506 0.0589 0.0700 0.0828 0.0241 0.0607 0.0591 0.0603 0.0674 0.0881 0.0808 0.1305
1997 0.1091 0.1126 0.1350 0.2086 0.3062 0.1046 0.0406 0.0013 0.0465 0.0587 0.0741 0.0912 0.0205 0.0651 0.0640 0.0656 0.0859 0.0998 0.1131 0.1474
1998 0.1639 0.1621 0.1985 0.2857 0.3282 0.1442 0.0357 0.0012 0.0471 0.0725 0.1018 0.1326 0.0180 0.0958 0.0903 0.0874 0.1268 0.1330 0.1628 0.1774
1999 0.1695 0.1674 0.2086 0.3532 0.3217 0.1526 0.0325 0.0015 0.0461 0.0737 0.1047 0.1369 0.0166 0.1005 0.0951 0.0921 0.1368 0.1369 0.1849 0.1792
2000 0.1796 0.1765 0.2463 0.3474 0.3455 0.1608 0.0305 0.0021 0.0432 0.0739 0.1083 0.1438 0.0159 0.1060 0.0995 0.0961 0.1240 0.1425 0.1655 0.1874
2001 0.1712 0.1694 0.2343 0.3091 0.3810 0.1562 0.0339 0.0034 0.0417 0.0697 0.1024 0.1365 0.0177 0.1005 0.0955 0.0933 0.1055 0.1462 0.1387 0.2009
2002 0.1879 0.1879 0.2469 0.2456 0.4542 0.1696 0.0340 0.0056 0.0385 0.0712 0.1091 0.1482 0.0176 0.1086 0.1031 0.1000 0.1084 0.1696 0.1249 0.2385
2003 0.1834 0.1829 0.2195 0.2111 0.4144 0.1766 0.0426 0.0048 0.0379 0.0666 0.1039 0.1433 0.0218 0.1079 0.1047 0.1028 0.1193 0.1613 0.1366 0.2231
2004 0.1501 0.1503 0.1922 0.2021 0.3289 0.1490 0.0434 0.0012 0.0372 0.0565 0.0856 0.1173 0.0218 0.0918 0.0890 0.0872 0.1045 0.1311 0.1237 0.1785
2005 0.0958 0.0912 0.1528 0.1722 0.1829 0.0979 0.0412 0.0027 0.0374 0.0446 0.0591 0.0767 0.0207 0.0658 0.0619 0.0594 0.0801 0.0852 0.0988 0.1071
2006 0.0758 0.0688 0.1393 0.1367 0.1881 0.0780 0.0325 0.0044 0.0304 0.0364 0.0475 0.0611 0.0166 0.0553 0.0507 0.0475 0.0616 0.0795 0.0734 0.1051
2007 0.0824 0.0778 0.1334 0.1123 0.1978 0.0822 0.0280 0.0034 0.0252 0.0341 0.0486 0.0651 0.0145 0.0549 0.0510 0.0487 0.0606 0.0797 0.0683 0.1074
2008 0.1602 0.1532 0.2013 0.1624 0.2195 0.1722 0.0403 0.0048 0.0495 0.0726 0.1004 0.1299 0.0203 0.1043 0.1043 0.1057 0.1081 0.1239 0.1172 0.1475
2009 0.2059 0.1992 0.2514 0.2044 0.2256 0.2157 0.0417 0.0063 0.0604 0.0931 0.1296 0.1675 0.0211 0.1330 0.1320 0.1325 0.1394 0.1456 0.1510 0.1631
2010 0.2294 0.2218 0.2804 0.2093 0.2218 0.2397 0.0423 0.0037 0.0621 0.0999 0.1419 0.1854 0.0211 0.1472 0.1458 0.1459 0.1531 0.1586 0.1633 0.1730
2011 0.1964 0.1900 0.2531 0.1669 0.1486 0.2043 0.0282 0.0004 0.0447 0.0798 0.1180 0.1571 0.0141 0.1270 0.1242 0.1228 0.1294 0.1260 0.1343 0.1268
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Table 6. Annualized Standard Deviation of Monthly Returns, 5-Year Period 

 
Absolute volatility of 20 illustrative portfolios, measured as the annualized standard 
deviation of 60 monthly returns over a rolling five-year period. 
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1984 0.1586 0.1506 0.2028 0.1972 0.1937 0.1385 0.1055 0.0111 0.0996 0.1035 0.1163 0.1354 0.0558 0.1026 0.0965 0.0929 0.1119 0.1175 0.1245 0.1322
1985 0.1439 0.1387 0.1791 0.1958 0.1909 0.1267 0.0847 0.0101 0.0861 0.0943 0.1077 0.1246 0.0441 0.0930 0.0877 0.0852 0.1033 0.1087 0.1180 0.1248
1986 0.1483 0.1460 0.1752 0.2078 0.1975 0.1301 0.0663 0.0074 0.0719 0.0855 0.1041 0.1254 0.0348 0.0906 0.0856 0.0850 0.1061 0.1098 0.1247 0.1280
1987 0.1809 0.1789 0.2203 0.2158 0.2119 0.1516 0.0630 0.0055 0.0674 0.0878 0.1160 0.1477 0.0327 0.1071 0.0985 0.0942 0.1286 0.1322 0.1463 0.1510
1988 0.1805 0.1790 0.2154 0.2016 0.2164 0.1554 0.0624 0.0054 0.0675 0.0881 0.1162 0.1475 0.0324 0.1063 0.0986 0.0960 0.1268 0.1326 0.1424 0.1527
1989 0.1762 0.1769 0.2076 0.2188 0.2214 0.1525 0.0573 0.0041 0.0635 0.0848 0.1129 0.1439 0.0297 0.1022 0.0950 0.0940 0.1267 0.1296 0.1467 0.1511
1990 0.1872 0.1875 0.2217 0.2336 0.2195 0.1829 0.0531 0.0039 0.0637 0.0889 0.1198 0.1529 0.0274 0.1113 0.1078 0.1123 0.1385 0.1331 0.1609 0.1517
1991 0.1856 0.1848 0.2277 0.2274 0.2343 0.1817 0.0485 0.0038 0.0599 0.0862 0.1177 0.1512 0.0249 0.1117 0.1074 0.1103 0.1380 0.1342 0.1592 0.1551
1992 0.1337 0.1335 0.1723 0.2067 0.2513 0.1536 0.0440 0.0052 0.0545 0.0713 0.0910 0.1120 0.0227 0.0845 0.0865 0.0961 0.1045 0.1020 0.1266 0.1311
1993 0.1294 0.1288 0.1666 0.2102 0.2657 0.1533 0.0393 0.0065 0.0496 0.0666 0.0865 0.1076 0.0205 0.0822 0.0852 0.0957 0.1041 0.0976 0.1282 0.1301
1994 0.1267 0.1243 0.1676 0.1989 0.2698 0.1484 0.0409 0.0055 0.0518 0.0680 0.0866 0.1063 0.0213 0.0824 0.0843 0.0932 0.1010 0.0977 0.1222 0.1308
1995 0.1007 0.1007 0.1318 0.1636 0.2799 0.1150 0.0402 0.0039 0.0457 0.0563 0.0698 0.0848 0.0210 0.0648 0.0663 0.0725 0.0783 0.0846 0.0961 0.1260
1996 0.0864 0.0867 0.1211 0.1489 0.3057 0.0990 0.0420 0.0033 0.0444 0.0514 0.0615 0.0734 0.0216 0.0552 0.0567 0.0630 0.0646 0.0839 0.0805 0.1339
1997 0.1041 0.1067 0.1242 0.1889 0.2843 0.1075 0.0414 0.0032 0.0477 0.0588 0.0727 0.0880 0.0212 0.0638 0.0643 0.0682 0.0798 0.0928 0.1031 0.1361
1998 0.1395 0.1386 0.1672 0.2372 0.2925 0.1280 0.0410 0.0024 0.0493 0.0677 0.0902 0.1144 0.0211 0.0832 0.0797 0.0787 0.1058 0.1144 0.1343 0.1544
1999 0.1409 0.1393 0.1784 0.2870 0.3147 0.1287 0.0374 0.0015 0.0449 0.0646 0.0887 0.1144 0.0191 0.0840 0.0797 0.0779 0.1126 0.1184 0.1507 0.1626
2000 0.1609 0.1605 0.2127 0.3118 0.3388 0.1428 0.0342 0.0017 0.0460 0.0711 0.1000 0.1302 0.0175 0.0944 0.0891 0.0868 0.1157 0.1319 0.1543 0.1785
2001 0.1800 0.1788 0.2276 0.3179 0.3578 0.1627 0.0329 0.0028 0.0449 0.0749 0.1090 0.1442 0.0170 0.1046 0.0997 0.0976 0.1243 0.1468 0.1615 0.1960
2002 0.1902 0.1889 0.2398 0.2999 0.4119 0.1740 0.0332 0.0046 0.0395 0.0728 0.1110 0.1504 0.0170 0.1103 0.1052 0.1026 0.1241 0.1615 0.1553 0.2210
2003 0.1716 0.1713 0.2246 0.2725 0.3841 0.1625 0.0386 0.0056 0.0400 0.0667 0.1002 0.1355 0.0198 0.1015 0.0976 0.0959 0.1100 0.1477 0.1372 0.2035
2004 0.1642 0.1631 0.2187 0.2254 0.3602 0.1558 0.0396 0.0060 0.0394 0.0639 0.0957 0.1295 0.0206 0.0979 0.0939 0.0918 0.1023 0.1417 0.1203 0.1935
2005 0.1509 0.1490 0.1913 0.1891 0.3439 0.1464 0.0400 0.0042 0.0355 0.0567 0.0863 0.1182 0.0204 0.0908 0.0875 0.0855 0.1010 0.1352 0.1171 0.1859
2006 0.1249 0.1236 0.1715 0.1684 0.2858 0.1249 0.0382 0.0040 0.0334 0.0485 0.0720 0.0980 0.0192 0.0784 0.0753 0.0735 0.0880 0.1136 0.1027 0.1548
2007 0.0903 0.0859 0.1442 0.1512 0.1740 0.0919 0.0359 0.0050 0.0324 0.0403 0.0547 0.0719 0.0184 0.0611 0.0575 0.0552 0.0718 0.0792 0.0868 0.1002
2008 0.1357 0.1287 0.1809 0.1594 0.2112 0.1443 0.0383 0.0049 0.0432 0.0613 0.0846 0.1097 0.0194 0.0892 0.0880 0.0882 0.0934 0.1097 0.1038 0.1339
2009 0.1666 0.1605 0.2132 0.1694 0.2189 0.1749 0.0370 0.0056 0.0495 0.0751 0.1045 0.1352 0.0187 0.1087 0.1072 0.1072 0.1134 0.1237 0.1226 0.1443
2010 0.1846 0.1785 0.2308 0.1752 0.1983 0.1933 0.0365 0.0064 0.0502 0.0799 0.1137 0.1489 0.0185 0.1187 0.1174 0.1175 0.1240 0.1301 0.1329 0.1450
2011 0.1962 0.1891 0.2444 0.1775 0.1967 0.2042 0.0360 0.0058 0.0508 0.0833 0.1199 0.1578 0.0182 0.1257 0.1240 0.1237 0.1297 0.1351 0.1373 0.1480
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Table 7. Annualized Standard Deviation of Monthly Returns, 10-Year Period 

 
Absolute volatility of 20 illustrative portfolios, measured as the annualized standard 
deviation of 120 monthly returns over a rolling 10-year period. 

 
Lower volatility Higher volatility 
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1989 0.1672 0.1638 0.2043 0.2081 0.2090 0.1468 0.0845 0.0104 0.0832 0.0943 0.1142 0.1393 0.0447 0.1020 0.0957 0.0938 0.1191 0.1233 0.1357 0.1417
1990 0.1662 0.1642 0.2012 0.2147 0.2075 0.1567 0.0710 0.0093 0.0758 0.0914 0.1135 0.1389 0.0372 0.1023 0.0979 0.0993 0.1217 0.1216 0.1405 0.1394
1991 0.1673 0.1659 0.2024 0.2169 0.2176 0.1579 0.0589 0.0066 0.0666 0.0858 0.1108 0.1384 0.0309 0.1016 0.0971 0.0986 0.1226 0.1225 0.1424 0.1424
1992 0.1584 0.1572 0.1971 0.2111 0.2329 0.1536 0.0542 0.0056 0.0611 0.0796 0.1038 0.1305 0.0281 0.0962 0.0927 0.0958 0.1167 0.1177 0.1364 0.1411
1993 0.1564 0.1553 0.1919 0.2054 0.2420 0.1555 0.0520 0.0063 0.0590 0.0778 0.1020 0.1286 0.0271 0.0947 0.0923 0.0966 0.1155 0.1160 0.1350 0.1414
1994 0.1534 0.1530 0.1879 0.2086 0.2458 0.1528 0.0500 0.0057 0.0582 0.0770 0.1007 0.1265 0.0261 0.0932 0.0908 0.0953 0.1145 0.1144 0.1348 0.1408
1995 0.1498 0.1499 0.1830 0.2009 0.2505 0.1522 0.0469 0.0053 0.0552 0.0741 0.0977 0.1232 0.0244 0.0907 0.0891 0.0942 0.1121 0.1113 0.1320 0.1390
1996 0.1442 0.1437 0.1817 0.1922 0.2723 0.1457 0.0453 0.0052 0.0526 0.0707 0.0935 0.1183 0.0235 0.0878 0.0855 0.0894 0.1073 0.1116 0.1258 0.1446
1997 0.1194 0.1205 0.1496 0.1975 0.2743 0.1325 0.0428 0.0051 0.0511 0.0651 0.0820 0.1003 0.0222 0.0746 0.0760 0.0831 0.0926 0.0980 0.1150 0.1355
1998 0.1344 0.1339 0.1662 0.2233 0.2877 0.1412 0.0404 0.0051 0.0493 0.0669 0.0881 0.1109 0.0210 0.0824 0.0823 0.0874 0.1045 0.1071 0.1307 0.1455
1999 0.1356 0.1342 0.1726 0.2459 0.2973 0.1400 0.0390 0.0041 0.0485 0.0667 0.0885 0.1117 0.0201 0.0836 0.0826 0.0865 0.1069 0.1100 0.1368 0.1499
2000 0.1337 0.1335 0.1766 0.2484 0.3124 0.1291 0.0374 0.0032 0.0457 0.0639 0.0859 0.1094 0.0193 0.0806 0.0782 0.0796 0.0985 0.1105 0.1282 0.1546
2001 0.1406 0.1399 0.1817 0.2485 0.3319 0.1342 0.0376 0.0032 0.0445 0.0640 0.0881 0.1140 0.0194 0.0833 0.0808 0.0818 0.0989 0.1191 0.1277 0.1672
2002 0.1545 0.1547 0.1913 0.2531 0.3533 0.1457 0.0374 0.0040 0.0438 0.0666 0.0945 0.1241 0.0192 0.0907 0.0878 0.0877 0.1058 0.1322 0.1338 0.1838
2003 0.1580 0.1581 0.1972 0.2572 0.3438 0.1472 0.0397 0.0048 0.0451 0.0679 0.0964 0.1268 0.0205 0.0932 0.0896 0.0883 0.1088 0.1330 0.1371 0.1820
2004 0.1564 0.1560 0.1991 0.2593 0.3410 0.1453 0.0383 0.0055 0.0427 0.0656 0.0943 0.1250 0.0199 0.0923 0.0884 0.0868 0.1090 0.1322 0.1380 0.1808
2005 0.1568 0.1561 0.2015 0.2585 0.3422 0.1447 0.0371 0.0053 0.0412 0.0647 0.0939 0.1250 0.0191 0.0927 0.0884 0.0863 0.1090 0.1339 0.1375 0.1828
2006 0.1544 0.1533 0.2007 0.2533 0.3253 0.1445 0.0356 0.0052 0.0396 0.0630 0.0921 0.1229 0.0184 0.0921 0.0880 0.0860 0.1072 0.1311 0.1348 0.1768
2007 0.1492 0.1470 0.1982 0.2372 0.3150 0.1406 0.0347 0.0052 0.0360 0.0587 0.0875 0.1181 0.0179 0.0895 0.0852 0.0830 0.1017 0.1268 0.1261 0.1709
2008 0.1541 0.1509 0.2035 0.2223 0.3088 0.1530 0.0384 0.0053 0.0416 0.0639 0.0924 0.1228 0.0196 0.0952 0.0926 0.0918 0.1017 0.1297 0.1212 0.1717
2009 0.1647 0.1612 0.2152 0.1994 0.2969 0.1650 0.0383 0.0058 0.0447 0.0694 0.0998 0.1319 0.0197 0.1030 0.1004 0.0994 0.1076 0.1325 0.1211 0.1700
2010 0.1679 0.1637 0.2111 0.1836 0.2798 0.1707 0.0381 0.0054 0.0433 0.0690 0.1005 0.1338 0.0194 0.1053 0.1031 0.1023 0.1127 0.1321 0.1252 0.1661
2011 0.1640 0.1593 0.2107 0.1727 0.2454 0.1693 0.0370 0.0051 0.0428 0.0679 0.0986 0.1309 0.0186 0.1046 0.1025 0.1018 0.1104 0.1243 0.1207 0.1509
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Relative Volatility Ratios of Asset Class Proxies Over Time 

As noted above, absolute volatility as depicted in Figure 1 and Tables 4 through 7 
appears to increase and decrease in unison across asset classes and is of limited help 
in distinguishing the volatilities of portfolios from one another. Instead, we propose a 
measure of relative volatility, defined as the ratio of a portfolio’s absolute volatility 
and the absolute volatility of a broad-based portfolio of equity and bonds—a portfolio 
that is continually rebalanced such that one-half is invested in stocks that make up 
the Russell 3000 Index and one-half is invested in bonds that make up the Barclays 
U.S. Aggregate Bond Index. 
 
Figure 2 depicts the relative volatility ratios of the eight underlying asset classes 
listed in Table 1. Each quadrant presents the relative volatility ratios calculated over 
different rolling periods of historical data—one, three, five, and ten years. The figure 
shows ratios prior to any categorization. Further below, we present relative 
volatilities that are categorized into risk classes. 
 
Compared with the absolute volatilities in Figure 1, relative volatility ratios in Figure 
2 are more stable over time and cross one another less frequently. 
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Figure 2. Relative Volatility Ratios of Selected Asset Classes (1980-2011) 
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Relative Volatility Classes of Illustrative Portfolios 

Tables 8, 9 and 10 present the relative risk classifications for each of the 
formulations presented in Table 3. Each table is based on a volatility measure 
calculated over one year (12 monthly returns), i.e., based on Table 4. Relative risk 
categories based on returns over longer periods will be presented further below; we 
first discuss the three alternative specifications of Table 3 and suggest one of them 
for further consideration. 
 
The tables apply a color-coding scheme that mathematically assigns green to 
category 1, yellow to the midpoint, and red to the highest category, with mixed 
shades in between. 
 
Table 8 maps one-year absolute volatility measures into 12 relative categories, 
defined on a linear scale. The highest category corresponds to volatility of at least 
2.1 times the volatility of a broad-based equity and bond portfolio—see the first 
column of Table 3. As expected, the relative volatility of 3-month T-bills was almost 
always in the lowest volatility category. The Small Cap portfolio and individual 
company stocks were primarily in the most volatile category, and other portfolios 
were typically in one of the inside categories. The fact that the Small Cap portfolio is 
often in the highest volatility category limits the potential of this categorization to be 
used for benchmarking—for example, a portfolio with highly risky positions would 
often also be in the highest category and its relative volatility would be 
indistinguishable from that of a well-diversified Small Cap portfolio. For that reason, 
we consider the next specification in which we increase the upper bound of volatility. 
 
Table 9 extends the risk classification to 17 categories, again defined on a linear 
scale. The highest category corresponds to a volatility of at least 3.1 times the 
volatility of a broad-based equity and bond portfolio—see the second column of Table 
3. The Small Cap portfolio was in the highest volatility category during 4 out of 32 
years, down from 20 out of 32 years in Table 8. While this would improve the scale’s 
ability to support benchmarking, the year-on-year stability of volatility category 
decreases as the scale moved from 12 to 17 categories.  
 
Table 10 marries the ability to compare highly volatile portfolios and year-on-year 
stability. It maps absolute volatility into 12 relative categories on a logarithmic scale. 
Its highest category represents volatility of at least about 4.48 times the volatility of 
a broad-based equity and bond portfolio—see the third column of Table 3. The 
volatility of individual stocks was in the highest category in some years, but none of 
the more diversified portfolios were similarly classified. Also, the year-on-year 
stability, measured by the portfolio-specific range of volatility categories from 1980 
through 2011 or by the portfolio-specific standard deviation of volatility categories, is 
generally lower than that in the specifications of Tables 8 or 9 (not shown). We 
therefore suggest the 12-category logarithmic scale for further consideration. 
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Table 8. Relative Volatility on a 12-Category Linear Scale, 1-Year Period 

 

 
One-year volatility of 20 illustrative portfolios relative to the volatility of a 
broad-based equity and bond portfolio. The categories are defined on a 12-
category linear scale (see the first column of Table 3): category 1 exhibited less 
than 10% of the volatility of a broad-based equity and bond portfolio, whereas 
category 12 exhibited at least 2.1 times that volatility. 
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1980 9 8 11 9 9 7 7 2 6 6 6 7 4 6 5 5 6 7 6 7
1981 7 6 8 9 7 6 6 1 6 6 6 6 4 5 5 5 6 5 6 5
1982 9 9 10 11 9 8 4 1 5 5 7 8 3 6 6 5 7 6 7 7
1983 8 8 12 12 12 7 5 1 5 6 6 7 3 6 5 5 7 7 8 9
1984 9 9 10 8 11 9 5 1 5 6 7 8 3 6 6 6 6 7 6 8
1985 9 8 11 12 12 6 5 1 5 6 6 8 3 6 5 4 6 8 7 9
1986 9 9 9 12 9 8 4 1 4 5 7 8 2 6 6 6 7 6 9 7
1987 11 11 12 10 11 9 3 1 3 5 7 9 2 7 6 6 8 8 9 9
1988 8 8 10 9 12 9 5 1 5 6 6 7 3 5 5 6 5 8 6 10
1989 10 10 9 12 12 11 5 1 5 5 7 8 3 6 6 7 7 7 9 9
1990 9 9 11 12 10 11 3 1 4 5 7 8 2 6 6 7 8 7 9 7
1991 10 10 11 12 12 10 3 1 4 5 7 8 2 7 6 7 8 8 9 9
1992 9 9 12 12 12 11 5 1 5 6 7 8 3 6 6 7 8 9 10 12
1993 9 9 12 12 12 12 5 1 5 6 7 8 3 7 8 10 9 10 11 12
1994 8 9 9 12 12 9 4 1 5 6 6 7 3 6 6 6 6 7 7 9
1995 9 9 12 12 12 12 6 1 6 6 6 8 4 7 8 9 8 11 9 12
1996 9 9 12 12 12 7 4 1 5 5 7 8 3 6 5 5 7 9 8 12
1997 9 10 10 12 12 9 3 1 4 5 7 8 2 6 6 6 8 8 11 11
1998 11 11 12 12 12 10 2 1 3 5 7 9 2 7 7 6 9 9 11 11
1999 10 10 12 12 12 9 3 1 4 5 7 9 2 7 6 6 9 9 12 12
2000 10 10 12 12 12 9 3 1 4 5 7 9 2 6 6 6 5 8 6 11
2001 12 11 12 12 12 11 3 1 3 5 7 9 2 7 7 7 8 11 8 12
2002 12 12 12 12 12 12 3 1 3 5 7 10 2 8 7 7 8 12 9 12
2003 10 10 12 12 12 11 5 1 5 5 7 8 3 7 7 7 9 7 11 8
2004 10 9 12 12 12 10 5 1 5 5 7 8 3 7 7 6 9 9 11 11
2005 11 10 12 12 12 11 5 1 4 5 7 9 3 8 7 7 8 12 9 12
2006 10 9 12 10 12 11 5 1 5 5 7 8 3 8 7 7 7 10 7 12
2007 12 12 12 12 12 11 4 1 3 5 7 10 3 7 7 7 9 9 10 12
2008 10 9 12 10 12 10 3 1 4 5 7 8 2 7 7 7 7 8 7 9
2009 10 10 12 10 7 10 2 1 4 5 7 8 2 7 7 7 7 7 8 6
2010 12 12 12 10 10 12 3 1 3 5 7 10 2 8 8 8 8 8 8 9
2011 11 11 12 7 10 12 2 1 3 5 7 9 2 8 8 7 7 8 7 8
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Table 9. Relative Volatility on a 17-Category Linear Scale, 1-Year Period 

 
One-year volatility of 20 illustrative portfolios relative to the volatility of a 
broad-based equity and bond portfolio. The categories are defined on a 17-
category linear scale (see the second column of Table 3): category 1 exhibited 
less than 10% of the volatility of a broad-based equity and bond portfolio, 
whereas category 17 exhibited at least 3.1 times that volatility. 
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1980 9 8 11 9 9 7 7 2 6 6 6 7 4 6 5 5 6 7 6 7
1981 7 6 8 9 7 6 6 1 6 6 6 6 4 5 5 5 6 5 6 5
1982 9 9 10 11 9 8 4 1 5 5 7 8 3 6 6 5 7 6 7 7
1983 8 8 13 16 15 7 5 1 5 6 6 7 3 6 5 5 7 7 8 9
1984 9 9 10 8 11 9 5 1 5 6 7 8 3 6 6 6 6 7 6 8
1985 9 8 11 14 13 6 5 1 5 6 6 8 3 6 5 4 6 8 7 9
1986 9 9 9 13 9 8 4 1 4 5 7 8 2 6 6 6 7 6 9 7
1987 11 11 14 10 11 9 3 1 3 5 7 9 2 7 6 6 8 8 9 9
1988 8 8 10 9 17 9 5 1 5 6 6 7 3 5 5 6 5 8 6 10
1989 10 10 9 17 15 11 5 1 5 5 7 8 3 6 6 7 7 7 9 9
1990 9 9 11 14 10 11 3 1 4 5 7 8 2 6 6 7 8 7 9 7
1991 10 10 11 13 16 10 3 1 4 5 7 8 2 7 6 7 8 8 9 9
1992 9 9 17 17 17 11 5 1 5 6 7 8 3 6 6 7 8 9 10 16
1993 9 9 13 17 17 16 5 1 5 6 7 8 3 7 8 10 9 10 11 17
1994 8 9 9 13 16 9 4 1 5 6 6 7 3 6 6 6 6 7 7 9
1995 9 9 16 16 17 14 6 1 6 6 6 8 4 7 8 9 8 11 9 17
1996 9 9 12 13 17 7 4 1 5 5 7 8 3 6 5 5 7 9 8 14
1997 9 10 10 17 17 9 3 1 4 5 7 8 2 6 6 6 8 8 11 11
1998 11 11 14 17 17 10 2 1 3 5 7 9 2 7 7 6 9 9 11 11
1999 10 10 14 17 17 9 3 1 4 5 7 9 2 7 6 6 9 9 13 13
2000 10 10 16 17 17 9 3 1 4 5 7 9 2 6 6 6 5 8 6 11
2001 12 11 14 12 17 11 3 1 3 5 7 9 2 7 7 7 8 11 8 14
2002 12 13 14 14 17 12 3 1 3 5 7 10 2 8 7 7 8 12 9 17
2003 10 10 14 17 12 11 5 1 5 5 7 8 3 7 7 7 9 7 11 8
2004 10 9 17 17 16 10 5 1 5 5 7 8 3 7 7 6 9 9 11 11
2005 11 10 17 15 17 11 5 1 4 5 7 9 3 8 7 7 8 12 9 17
2006 10 9 17 10 17 11 5 1 5 5 7 8 3 8 7 7 7 10 7 13
2007 12 12 15 16 17 11 4 1 3 5 7 10 3 7 7 7 9 9 10 12
2008 10 9 12 10 13 10 3 1 4 5 7 8 2 7 7 7 7 8 7 9
2009 10 10 13 10 7 10 2 1 4 5 7 8 2 7 7 7 7 7 8 6
2010 12 12 14 10 10 12 3 1 3 5 7 10 2 8 8 8 8 8 8 9
2011 11 11 15 7 10 12 2 1 3 5 7 9 2 8 8 7 7 8 7 8
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Table 10. Relative Volatility on a 12-Category Logarithmic Scale, 1-Year Period 

 
One-year volatility of 20 illustrative portfolios relative to the volatility of a 
broad-based equity and bond portfolio. The categories are defined on a 12-
category logarithmic scale (see the third column of Table 3) such that category 
12 corresponds to more than about 4.48 times the volatility of a broad-based 
equity and bond portfolio. 

 
Lower volatility Higher volatility 
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1980 7 7 8 7 7 6 6 1 6 5 6 6 4 5 5 5 6 6 6 6
1981 6 6 7 7 6 6 6 1 6 5 6 6 3 5 5 5 5 4 5 4
1982 7 7 8 8 7 7 3 1 4 5 6 7 1 5 5 5 6 6 6 6
1983 7 7 9 10 10 6 5 1 5 5 6 6 2 5 5 5 6 6 7 7
1984 7 7 8 7 8 7 5 1 5 5 6 7 2 6 6 6 5 6 6 7
1985 7 7 8 9 9 5 4 1 5 5 6 7 2 5 4 4 6 7 7 7
1986 8 8 7 9 7 7 3 1 4 5 6 7 1 5 5 5 6 6 7 6
1987 8 8 9 8 8 7 2 1 2 5 6 7 1 6 6 5 7 7 7 7
1988 7 7 8 7 10 7 4 1 5 5 6 6 2 5 5 5 5 7 5 8
1989 8 8 7 10 10 8 4 1 4 5 6 7 1 5 6 6 6 6 8 7
1990 8 7 8 9 8 8 2 1 4 5 6 7 1 6 6 6 7 6 7 7
1991 8 8 8 9 10 8 1 1 3 5 6 7 1 6 6 6 7 7 7 7
1992 7 7 10 10 12 8 5 1 5 5 6 7 2 6 6 6 7 8 8 10
1993 7 7 9 10 12 10 4 1 4 5 6 7 2 6 7 8 7 8 8 10
1994 7 7 7 9 10 7 4 1 4 5 6 7 1 5 6 6 5 6 6 7
1995 7 7 10 10 12 9 6 1 5 5 6 7 3 6 7 7 7 8 8 10
1996 8 8 9 9 12 6 4 1 4 5 6 7 1 5 5 5 6 7 7 9
1997 8 8 8 11 10 7 2 1 4 5 6 7 1 5 5 6 7 7 8 8
1998 8 8 9 10 10 8 1 1 2 5 6 8 1 6 6 6 7 7 8 8
1999 8 8 9 12 12 8 2 1 3 5 6 7 1 6 6 6 7 8 9 9
2000 8 8 10 10 11 7 1 1 3 5 6 7 1 6 6 5 5 7 6 8
2001 9 8 9 9 12 8 2 1 2 5 6 8 1 6 6 6 7 8 7 9
2002 9 9 9 9 12 9 2 1 1 4 6 8 1 7 6 6 7 9 8 10
2003 8 8 9 10 9 8 5 1 4 5 6 7 2 6 6 6 7 7 8 7
2004 8 7 10 11 10 8 5 1 5 5 6 7 2 6 6 6 7 7 8 8
2005 8 8 10 10 12 8 4 1 4 5 6 7 2 7 6 6 7 9 8 10
2006 8 7 11 8 11 8 4 1 4 5 6 7 2 7 6 6 6 8 6 9
2007 9 9 10 10 11 8 3 1 3 5 6 8 1 7 6 6 7 8 8 9
2008 8 8 9 8 9 8 3 1 4 5 6 7 1 6 6 6 6 7 6 8
2009 8 8 9 8 6 8 1 1 3 5 6 7 1 6 6 6 6 6 7 6
2010 9 8 9 8 8 9 1 1 1 4 6 8 1 7 7 7 7 7 7 7
2011 8 8 10 6 8 9 1 1 2 5 6 8 1 7 7 6 6 7 6 7
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Relative Volatility Based on Returns over Three, Five, and Ten Years 

Table 10 above presents historical relative volatility categories of 20 illustrative portfolios on 
a 12-category logarithmic scale. Table 11 presents analogous relative volatility measures 
based on rolling three-year periods. Compared with volatility based on one year of returns, 
volatility based on three years of returns exhibit smoother changes over time and greater 
year-on-year stability. 
 
The remaining tables show relative volatility based on rolling five-year or 10-year periods. 
As expected, the smoothness and stability increase with the duration over which volatility is 
calculated. 
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Table 11. Relative Volatility on a 12-Category Logarithmic Scale, Three-Year Period 

 
Rolling three-year volatility of 20 illustrative portfolios relative to the volatility 
of a broad-based equity and bond portfolio. The categories are defined on a 12-
category logarithmic scale (see the third column of Table 3) such that category 
12 corresponds to more than about 4.48 times the volatility of a broad-based 
equity and bond portfolio. 

 
Lower volatility Higher volatility 
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1982 7 7 8 8 7 6 6 1 5 5 6 6 3 5 5 5 6 6 6 6
1983 7 7 8 8 8 6 5 1 5 5 6 6 2 5 5 5 6 6 6 6
1984 7 7 8 8 8 7 4 1 5 5 6 7 2 5 5 5 6 6 6 7
1985 7 7 8 9 9 7 5 1 5 5 6 7 2 5 5 5 6 6 6 7
1986 7 7 8 9 8 7 4 1 4 5 6 7 1 5 5 5 6 6 7 7
1987 8 8 9 9 8 7 3 1 4 5 6 7 1 6 5 5 7 7 7 7
1988 8 8 9 8 9 7 3 1 3 5 6 7 1 6 5 5 7 7 7 7
1989 8 8 9 8 9 8 3 1 3 5 6 7 1 6 6 5 7 7 7 7
1990 7 7 8 9 9 8 3 1 4 5 6 7 1 6 6 6 6 6 7 7
1991 8 8 8 9 9 8 2 1 4 5 6 7 1 6 6 6 7 6 7 7
1992 8 8 9 9 10 8 2 1 4 5 6 7 1 6 6 6 7 6 7 7
1993 8 8 9 10 12 8 3 1 4 5 6 7 1 6 6 6 7 7 8 9
1994 7 7 9 10 12 8 4 1 5 5 6 7 2 6 6 7 6 7 7 9
1995 7 7 8 9 11 8 4 1 5 5 6 6 2 5 6 6 6 7 7 8
1996 7 7 8 9 11 7 4 1 5 5 6 7 2 5 5 5 6 7 6 8
1997 8 8 8 10 12 7 4 1 4 5 6 7 1 5 5 5 7 7 8 9
1998 8 8 9 10 11 8 2 1 3 5 6 7 1 6 6 6 7 7 8 8
1999 8 8 9 11 11 8 1 1 3 5 6 7 1 6 6 6 7 7 8 8
2000 8 8 9 11 11 8 1 1 3 5 6 7 1 6 6 6 7 7 8 8
2001 8 8 10 11 11 8 2 1 3 5 6 7 1 6 6 6 6 8 7 9
2002 8 8 10 10 12 8 2 1 2 5 6 8 1 6 6 6 6 8 7 9
2003 9 9 9 9 12 8 3 1 2 5 6 8 1 6 6 6 7 8 7 9
2004 9 9 10 10 12 8 4 1 3 5 6 8 1 7 6 6 7 8 8 9
2005 8 8 10 10 11 8 5 1 4 5 6 7 2 6 6 6 7 8 8 8
2006 8 8 10 10 12 8 5 1 4 5 6 7 2 7 6 6 7 8 8 9
2007 8 8 10 10 12 8 4 1 4 5 6 7 1 7 6 6 7 8 8 9
2008 8 8 9 8 9 8 2 1 3 5 6 7 1 6 6 6 6 7 7 8
2009 8 8 9 8 8 8 2 1 3 5 6 7 1 6 6 6 6 7 7 7
2010 8 8 9 8 8 8 1 1 3 5 6 7 1 6 6 6 6 7 7 7
2011 8 8 9 8 7 8 1 1 2 5 6 7 1 7 6 6 7 6 7 7
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Table 12. Relative Volatility on a 12-Category Logarithmic Scale, Five-Year Period 

 
Rolling five-year volatility of 20 illustrative portfolios relative to the volatility of 
a broad-based equity and bond portfolio. The categories are defined on a 12-
category logarithmic scale (see the third column of Table 3) such that category 
12 corresponds to more than about 4.48 times the volatility of a broad-based 
equity and bond portfolio. 

 
Lower volatility Higher volatility 
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1984 7 7 8 8 8 6 5 1 5 5 6 6 3 5 5 5 6 6 6 6
1985 7 7 8 8 8 6 5 1 5 5 6 6 2 5 5 5 6 6 6 6
1986 7 7 8 9 8 7 4 1 4 5 6 7 2 5 5 5 6 6 7 7
1987 8 8 9 9 8 7 4 1 4 5 6 7 1 6 5 5 6 7 7 7
1988 8 8 9 8 9 7 4 1 4 5 6 7 1 6 5 5 6 7 7 7
1989 8 8 8 9 9 7 3 1 4 5 6 7 1 6 5 5 7 7 7 7
1990 8 8 9 9 8 8 3 1 4 5 6 7 1 6 6 6 7 6 7 7
1991 8 8 9 9 9 8 3 1 3 5 6 7 1 6 6 6 7 7 7 7
1992 8 8 9 9 10 8 3 1 4 5 6 7 1 6 6 6 7 6 7 7
1993 8 8 9 10 10 8 3 1 4 5 6 7 1 6 6 6 7 6 8 8
1994 7 7 9 9 11 8 3 1 4 5 6 7 1 6 6 6 7 6 7 8
1995 7 7 8 9 11 8 4 1 4 5 6 7 1 6 6 6 6 7 7 8
1996 7 7 9 9 12 8 4 1 5 5 6 7 2 5 6 6 6 7 7 9
1997 7 7 8 10 11 7 4 1 4 5 6 7 1 5 5 6 6 7 7 8
1998 8 8 9 10 11 7 3 1 4 5 6 7 1 6 6 6 7 7 8 8
1999 8 8 9 11 11 8 3 1 3 5 6 7 1 6 6 6 7 7 8 9
2000 8 8 9 11 11 8 2 1 3 5 6 7 1 6 6 6 7 7 8 8
2001 8 8 9 10 11 8 1 1 3 5 6 7 1 6 6 6 7 7 8 9
2002 8 8 9 10 12 8 1 1 2 5 6 7 1 6 6 6 7 8 8 9
2003 8 8 9 10 12 8 2 1 3 5 6 7 1 6 6 6 7 8 8 9
2004 8 8 10 10 12 8 3 1 3 5 6 7 1 6 6 6 7 8 7 9
2005 9 8 9 9 12 8 3 1 3 5 6 8 1 6 6 6 7 8 8 9
2006 8 8 10 10 12 8 4 1 3 5 6 7 1 7 6 6 7 8 8 9
2007 8 8 10 10 11 8 4 1 4 5 6 7 2 7 6 6 7 8 8 9
2008 8 8 9 9 10 8 3 1 3 5 6 7 1 6 6 6 7 7 7 8
2009 8 8 9 8 9 8 2 1 3 5 6 7 1 6 6 6 6 7 7 7
2010 8 8 9 8 8 8 2 1 3 5 6 7 1 6 6 6 6 7 7 7
2011 8 8 9 8 8 8 1 1 3 5 6 7 1 6 6 6 6 7 7 7
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Table 13. Relative Volatility on a 12-Category Logarithmic Scale, 10-Year Period 

 
Rolling 10-year volatility of 20 illustrative portfolios relative to the volatility of a 
broad-based equity and bond portfolio. The categories are defined on a 12-
category logarithmic scale (see the third column of Table 3) such that category 
12 corresponds to more than about 4.48 times the volatility of a broad-based 
equity and bond portfolio. 
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1993 8 8 9 9 9 8 3 1 4 5 6 7 1 6 6 6 7 7 7 7
1994 8 8 9 9 10 8 3 1 4 5 6 7 1 6 6 6 7 7 7 7
1995 8 8 9 9 10 8 3 1 4 5 6 7 1 6 6 6 7 7 7 7
1996 8 8 9 9 10 8 3 1 4 5 6 7 1 6 6 6 7 7 7 8
1997 7 7 8 9 11 8 3 1 4 5 6 7 1 6 6 6 6 7 7 8
1998 8 8 9 10 11 8 3 1 4 5 6 7 1 6 6 6 7 7 8 8
1999 8 8 9 10 11 8 3 1 4 5 6 7 1 6 6 6 7 7 8 8
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2003 8 8 9 10 11 8 3 1 3 5 6 7 1 6 6 6 7 7 8 9
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2011 8 8 9 8 10 8 2 1 3 5 6 7 1 6 6 6 7 7 7 8
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5. Conclusion 

This report analyzes the volatility of monthly returns on portfolios that are 
approximately representative of typical asset allocations in DC plans and IRAs. It 
develops measures of absolute and relative volatility and demonstrates to what 
extent these measures help distinguish portfolios from one another over time. 
 
The goal was to define risk classes that result in stable classifications over time for 
any single investment portfolio while allowing portfolios with different compositions 
to be distinguished from one another. None of the metrics that we explored fully met 
those objectives. Instead, the relative volatility metric we developed may be used for 
such statements as “A portfolio consisting of 80% broad-based stocks and 20% 
broad-based bonds fell in volatility category 7 in 22 of the past 32 years and in 
categories 6 or 8 during the other years.” Similarly, “A portfolio consisting of only 
broad-based small cap stocks exceeded volatility category 10 in only 1 of the past 32 
years.” 
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Disclaimer 

The views, opinions, and/or findings contained in this report are those of the authors 
and should not be construed as an official Government position, policy or decision, 
unless so designated by other documentation issued by the appropriate 
governmental authority. 
 
Work for this report was performed in accordance with the Statement on Standards 
for Consulting Services issued by the American Institute of Certified Public 
Accountants (AICPA). Our services were provided under contract DOLJ089327415 
from the U.S. Department of Labor. 
 
We call your attention to the possibility that other professionals may perform 
procedures concerning the same information or data and reach different findings 
than Deloitte Financial Advisory Services LLP (Deloitte FAS) and Advanced Analytical 
Consulting Group, Inc. (AACG) for a variety of reasons, including the possibilities 
that additional or different information or data might be provided to them that was 
not provided to Deloitte FAS and AACG, that they might perform different procedures 
than did Deloitte FAS and AACG, or that professional judgments concerning complex, 
unusual, or poorly documented matters may differ. 
 
This document contains general information only. Deloitte FAS and AACG are not, by 
means of this document, rendering business, financial, investment, or other 
professional advice or services. This document is not a substitute for such 
professional advice or services, nor should it be used as a basis for any decision or 
action. Before making any decision or taking any action, a qualified professional 
advisor should be consulted. Deloitte FAS, its affiliates, or related entities and AACG 
shall not be responsible for any loss sustained by any person who relies on this 
publication. 
 


