
N AT I O N A L  C E N T E R  F O R  P O L I C Y  A N A LY S I S

Preparing for Retirement 
in an Uncertain World

In previous generations, many workers could expect to automatically receive a steady 
stream of retirement income from Social Security and a pension from their union or 
employer.  Like Social Security, traditional defined benefit pension plans promised a 
monthly annuity for life.  Along with personal savings, pensions and Social Security 
were the mainstays of retirement. Increasingly, however, American workers must 
make their own retirement investment decisions.

Executive Summary
Defined contribution retirement plans, such as 401(k)s, have been replacing 
traditional pensions for some time. Today, more than nine out of 10 private 
employer-sponsored retirement plans are defined contribution plans.

Defined benefit pensions promise employees a retirement income 
typically based on a formula that takes into account their salaries and the 
number of years of employment. The income from defined contribution 
plans, by contrast, depends on the amount employees and their employers 
contribute and the rate of return on investments. Usually, individuals 
choose from among a number of portfolios with different investment 
strategies and mixes of stocks and bonds, or they are defaulted into a plan 
with relatively safe investments but a lower potential rate of return. 

Defined benefit plans are not completely safe because the promised 
retirement income often depends on the long-term financial health of 
the sponsoring employer and the willingness of the federal government 
to insure a portion of the employer’s promises in the event of a default. 
Defined contribution plans are risky for different reasons. The volatility of 
stock prices means that an individual who retires in a year when the stock 
market is down risks receiving lower retirement income. As an alternative, 
an employee could choose to invest in a no-risk government bond fund. 
Since the interest rate is low, however, securing an adequate retirement 
income in this way requires a much larger investment.

Lifecycle investment strategies reduce the risks of volatile stock prices 
by gradually shifting the mix of investments from stocks to bonds as an 
individual ages. As the individual approaches retirement, the portfolio 
becomes increasingly less risky.

  A better investment strategy, however, would take into account the 
individual’s other sources of retirement income. These include expected 
wage income beyond the age of retirement, Social Security benefits, and 
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income from trusts and pensions. This strategy is based 
on the idea that at any given point in time an individual’s 
wealth consists of the capitalized value of future wage 
earnings, the capitalized value of Social Security benefits 
and other private retirement income, and the amount 
accumulated in one’s defined contribution account. 

Consider a worker whose 401(k) savings represents 
10 percent of his wealth, so defined. A 50 percent drop 
in investment returns would affect only 5 percent of the 
person’s total wealth. However, for a worker for whom 
401(k) savings are 50 percent of total wealth, the same 
50 percent drop in investment returns would affect 25 
percent of the total wealth. The former can afford to take 
more risks with his 401(k) investments than the latter.

Workers whose expected future labor earnings and 
Social Security and private pension benefits are large 
relative to their 401(k) savings can afford to take more 
risks with their 401(k) funds. Further, workers with more 
certain expected wage income may be more inclined to 
invest more heavily in stocks than would workers whose 
expected wages are more volatile.

To account for these factors, we recommend a 
dynamic lifecycle strategy that involves individualized 
portfolio updating and adjustments each year, based on 
prevailing market conditions, changing investor expecta-
tions about future earnings and changes in the investment 
horizon. The dynamic lifecycle strategy is responsive 
to market conditions that affect the current value of the 
investor’s retirement account. For example, during a bull 
market, the ratio of 401(k) assets to total wealth would 
rise, suggesting lower stock holdings are in order. The 
converse would hold during bear markets. 

 In general, the shift to bonds with the dynamic 
account occurs over a shorter time span than with a 
conventional static lifecycle account. Dynamic lifecycle 
investing can reduce the potential variation in returns due 
to the volatility of stock prices, while offering a higher 
rate of return than other strategies.

This study simulates portfolios using the earnings 
profiles assumed in the 2009 Social Security Trustees 
Report. The simulations assume that a constant 10 
percent of earnings are added to the savings account each 

year. Replacement rates are equal to the ratio of the an-
nuitized value of wealth at retirement divided by average 
real lifetime earnings. Risk is measured by a “coefficient 
of variation.” The simulated portfolios show that, on 
the average, dynamic lifecycle portfolios have a higher 
replacement rate than conventional lifecycle strategies 
for every level of risk. For example:

The dynamic average replacement rate is 14 percent  ■
higher — and its relative variation lower — than a 
portfolio that is constantly invested 60 percent in 
stocks and 40 percent in bonds.

The dynamic account produces a 21 percent higher  ■
average replacement rate than an aggressive static 
lifecycle account (one that is weighted more toward 
stocks), but exhibits only slightly higher relative 
variation.

Thus, appropriately chosen lifecycle investment 
strategies can take advantage of the average higher 
returns offered by the stock market, but with less risk. On 
the average, as a percentage of lifetime wages:

An account invested 100 percent in stocks offers the  ■
highest wage replacement rate (197 percent), but the 
coefficient of variation is 27 percent.

An account invested 100 percent in bonds offers the  ■
lowest wage replacement rate (62 percent) and the 
coefficient of variation in replacement rates is only 6 
percent.

By contrast, an account invested using a dynamic  ■
lifecycle strategy offers a wage replacement rate of 
182 percent, which is only slightly lower than the all-
stock portfolio, but the coefficient of variation is only 
18 percent.

For individuals who want to minimize their risk, the  ■
baseline dynamic lifecycle account offers a 145 per-
cent replacement rate, and a coefficient of variation 
that is only slightly higher than the all-bond portfolio, 
at 8 percent.

The results of this study support a change in public 
policy to allow employers offering 401(k)s to default 
their employees into a dynamic lifecycle fund.
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Introduction
In previous generations, many 

workers could expect to auto-
matically receive a steady stream 
of retirement income from Social Se-
curity and a pension from their union 
or employer. Like Social Security, 
traditional defined benefit pension 
plans promised a monthly annuity 
for life. Along with personal savings, 
pensions and Social Security were 
the mainstays of retirement. Increas-
ingly, however, American workers 
must make their own retirement 
investment decisions.  

Over the past three decades, 
defined benefit pension plans have 
been replaced by defined contribu-
tion plans under which workers (and 
often their employers) make deposits 
to retirement accounts invested in 
stocks and bonds. As they retire, 
workers must decide what to do with 
their retirement funds, including the 
rate at which to draw down their 
account, and how much and when to 
annuitize the balance.  

Today, there is uncertainty about 
both traditional pensions and Social 
Security. Many pension plans are 
underfunded, which means employ-
ers and unions have not invested 
sufficient funds to cover workers’ 
benefits. Furthermore, the number of 
retirees is increasing compared to the 
number of workers funding retiree 
benefits; therefore, taxes on wages, 
Social Security benefits and/or other 
retirement income are likely to rise 
in the future to maintain anticipated 
benefit payments.

Stock market volatility, poor 
investment choices and the lack 
of worker participation in defined 

contribution plans have led to calls 
to replace 401(k)s and IRAs with a 
government-run retirement program 
with guaranteed rates of return. In 
order to determine whether it is bet-
ter to let government invest workers’ 
retirement savings or to improve 
upon private retirement plans, this 
study compares the performance 
of retirement funds invested in the 
market to the returns on workers’ 
contributions to Social Security. 

The study also evaluates alternative 
approaches to lifecycle investing and 
introduces a new, individualized life-
cycle strategy that takes into account 
an individual’s past accumulations 
and future earnings to determine the 
optimal allocation between stocks 
and bonds at each age. This strategy 
is applied for workers with different 
tolerances for risk. 

Sources of                          
Retirement                      

Income
Traditionally, retirement income 

consisted of defined benefit pen-
sions, Social Security and personal 
savings. However, the number of 
workers covered by defined benefit 
pension plans is shrinking, while 
defined contribution plans are 

becoming the norm. Earnings from 
labor during retirement have become 
an increasingly important source of 
retirement income. 

Labor Earnings. Many individu-
als continue to work during retire-
ment. Some defined benefit pensions 
begin paying benefits at age 50 or 55 
years, and nondisabled individuals 
can begin receiving Social Security 
benefits at age 62 years (albeit at 
lower replacement rates). However, 
the ability to begin claiming benefits 
early does not necessarily induce 
workers to exit the labor force. It 
is expected that the importance of 
labor earnings may grow in future 
years for several reasons. First, the 
shift away from defined benefit plans 
means that fewer future retirees will 
face a pension benefit formula that 
may encourage early retirement. 
Second, Social Security reforms 
may encourage workers to stay in 
the labor force. For example, there 
have been various proposals to drop 
the earnings test that penalizes work 
by Social Security retirees ages 62 
to 64, to raise the normal retirement 
age further, and to phase out payroll 
taxes on workers after they reach the 
retirement age. Longer life expectan-
cies may also increase labor force 
participation.  

Figure I depicts the relative 
importance of earnings from work 
and Social Security for older fami-
lies in 2006.1 As the figure indicates, 
labor earnings provide the largest 
income share among young retirees 
and it remains important for workers 
well into their 70s. Specifically:

For the 62- to 64-year-old popu- ■
lation, labor earnings comprise 
about 65 percent of income.

Insert callout here.

“Over the past three 
decades, defined 

contribution plans 
have largely replaced 
defined benefit plans.”
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In the 65 to 69 age group, labor  ■
earnings account for about 45 per-
cent of income.

 (As discussed in a later section, 
income from labor earnings is 
critical in determining a worker’s 
optimal investment strategy over 
time.)

Figure I also shows that Social Se-
curity is an important income source 
for older age groups, rising from 25.8 
percent of income for the 65 to 69 age 

group to nearly half (49.1 percent) for 
the oldest age group.

Social Security Income. Labor 
earnings remain an important com-
ponent of older Americans’ incomes 
well into retirement, particularly 
for higher income retirees. Social 
Security is the most important source 
of retirement income for low-income 
seniors. As Figure II shows:

Social Security provides 83 per- ■
cent of income among the 20 per-

cent of senior households with the 
lowest income.

It accounts for nearly two-thirds  ■
(65 percent) of income for fami-
lies in the middle fifth.

In the top 20 percent of earners,  ■
Social Security still accounts for 
17 percent of income.

There is only one senior income 
group for whom Social Security is a 
smaller percentage of income than 

FIGURE I

Seniors’ Income from Wages and Social Security, 2006
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Note: Household headed by a senior in the age group.   *Social Security includes Railroad Retirement.   
          **Other includes cash public assistance, government employee pensions, private pensions, annuities and income from assets.
Source: U.S. Social Security Administration, Office of Retirement and Disability Policy, Income of the Population 55 or Older, 2006, Table 10.1. 
             Available at: http://www.socialsecurity.gov/policy/docs/statcomps/income_pop55/2006/.
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http://www.socialsecurity.gov/policy/docs/statcomps/income_pop55/2006/


5

only a fraction of the benefits of 
workers in participating plans and it 
doesn’t have enough assets to pay all 
the benefits it insures.2   

The new ERISA regulations made 
the less-regulated defined contribu-
tion plans more attractive to employ-
ers. Defined contribution plans also 
have features that are attractive to 
employees, including ownership 
(account balances can be bequeathed 
to heirs), portability (accounts can be 
carried from one job to another) and 
flexibility (investment and annuitiza-
tion strategies can be tailored to 
individual needs).   

Defined Benefit Plans versus 
401(k) Plans. Between 1975 and 
2005, the percentage of private 
employer-sponsored retirement plans 
that were defined contribution plans 
grew from 67 percent to 93 percent. 
Over the same period, the percentage 
of total participants in any private 
employer-sponsored plans who 
were in defined contribution plans 
grew from 26 percent to 64 percent.3 
Economists James Poterba, Steven 
Venti and David A. Wise report that:4

In 2000, contributions to 401(k)  ■
plans comprised 73 percent of all 
contributions to private pensions.

In 2005, total 401(k) assets  ■
equaled 37 percent of gross do-
mestic product (GDP) while de-
fined benefit assets were just over 
50 percent of GDP.

They estimate that 401(k) assets   ■
will grow to 87 percent of GDP 
in 2040 while assets in defined    
benefit plans will fall to 23 
percent of GDP.    

labor earnings: the highest income 
group. This is also the only group 
of seniors for whom income from 
nonpension assets (such as personal 
savings) is higher than income from 
Social Security.  

Pension Plans. Until recently, 
many American workers financed 
their retirement through Social 
Security and defined benefit pension 
plans sponsored by employers or 
unions. In defined benefit pension 
plans, employers, unions and/or 
employees contribute to a fund 
from which benefits are paid. The 
plans provide a steady income 
from retirement to death. Benefits 
are typically based on a formula 
that includes longevity with a firm, 
preretirement earnings and retire-
ment age. Employees never have to 
worry about how to invest savings 
or what to do with the accumulated 
assets at retirement.

The landscape of retirement 
financing has undergone a massive 
transformation from employer-
sponsored defined benefit plans or 
pensions to employer-sponsored 
defined contribution plans. The main 
reason for this transformation was 
that defined benefit plans tended 
to be underfunded and the security 
of beneficiaries’ retirement income 
was dependent on the long-term 
viability of their former employ-
ers. The defined benefit plans of 
successful enterprises provided 
stable pensions, but the funds of 
unsuccessful corporations were 
at risk. The Employee Retirement 
Income Security Act (ERISA) of 
1974 established the Pension Benefit 
Guaranty Corporation (PBGC) to 
insure participating defined benefit 
plans. However, the PBGC insures 

Defined benefit plans remain 
prevalent in the public sector, but 
new accounting standards require 
state and local governments to 
account for other post-employment 

benefits — primarily health care 
coverage — as well as accrued 
pension liabilities. This accounting 
will expose the degree to which 
their entire retirement packages are 
underfunded and thus rely on future 
tax revenues. In 2006, the Govern-
ment Accountability Office (GAO) 
reported that 42 percent of state and 
local government pension plans did 
not meet the requirement that they 
have 80 percent of projected benefit 
payments set aside in savings. The 
GAO also reported that in 2006, 
46 percent of the plans it analyzed 
contributed less to their investments 
than was necessary to keep pace 
with their benefit costs.5  

Returns to Social      
Security versus Stocks 

and Bonds
The recent financial crisis and 

economic downturn demonstrated 
that defined contribution plans can 
expose employees to the risk of 
uncertain asset returns. Furthermore, 
choosing a lump-sum payout at 

Insert callout here.
“Many defined 

benefit  plans were 
underfunded.”
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retirement rather than a lifetime 
annuity exposes employees to the 
risk of outliving their income stream. 
The risks associated with a specific 
stock or bond can be eliminated 
with diversified investments under 
both defined benefit and defined 
contribution plans. However, there is 
also the risk of a general fall in stock 
and bond prices, reducing the rate of 
return for both defined benefit and 
defined contribution plans. Social 
Security also carries risks of low 
returns.  

Social Security Returns versus 
Lifecycle Investing. Government 

bonds are considered risk-free 
investments, since they are backed 
by the full faith and credit of the 
United States. As the safest invest-
ment, they earn a lower rate of return 
than the shares or bonds of corpora-
tions. From the inception of Social 
Security in 1935 until about 2000, 
each new cohort of retirees received 
more in benefits than they would 
have received had they invested their 
payroll taxes in government bonds. 
However, as the Social Security 
system has matured, tax rates have 
risen, an increasing proportion of 
earnings are taxable, and workers 
have paid the higher taxes over their 

entire work lives. Consequently, 
current new retirees receive returns 
below what they could have received 
by investing in government bonds. 
Future retirees will receive even 
lower returns, even absent any 
legislative changes like tax increases 
or benefit cuts that would reduce the 
program’s unfunded obligation. If 
the revenues that are necessary to 
pay future benefits are raised in the 
form of taxes, the returns for future 
workers will deteriorate further.   

This study evaluates the relative 
riskiness of 401(k)s and Social 
Security by comparing the retirement 

FIGURE II

Major Source of Seniors’ Retirement Income in 2006
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Source: U.S. Social Security Administration, Office of Retirement and Disability Policy, Income of the Population 55 or Older, 2006, Table 10.5. 
             Available at: http://www.socialsecurity.gov/policy/docs/statcomps/income_pop55/2006/.
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while the lifecycle account out-
performed Social Security for 
workers who retired in 1999 and 
thereafter.  

Social Security Returns for 
Median-Wage Workers. Moving up 
the earnings distribution, the Social 
Security replacement rate dropped 
and the retirement year when 
market investments exhibit superior 
performance occurred sooner than 
for low-wage workers. For median-
wage workers [see Figure IV]:

The 100 percent equity investment  ■
outperformed Social Security be-
ginning with 1986 retirees and the 
lifecycle account outperformed 
Social Security for retirees in 
1989 to 2003.

For workers retiring in 1998  ■
and subsequent years, Social 
Security’s replacement rate was 
comparable to the return on gov-
ernment bonds. 

Social Security Returns for 
High-Wage Workers. For workers 
at the threshold of the top 10 percent 
of lifetime wages (the 90th percen-
tile) [see Figure V]:

The market outperformed Social  ■
Security because the benefit for-
mula replaced a smaller percentage 
of high-income workers’ earnings. 

The 100 percent equity portfolio  ■
outperformed Social Security for 
workers who retired in 1986 and 
later.

The lifecycle account did better  ■
than Social Security beginning in 
1987, and beginning in 1990 the 
all-bond account did better.

greater percentage of the wages of 
low- and median-wage workers than 
high-income workers. Therefore, the 
replacement rates of the three portfo-
lios are compared to Social Security 
for low-, median- and high-wage 
workers. The comparisons were 
made for men who retired at age 65 
between 1984 and 2003 (born from 
1919 to 1938). The evaluations were 
only made for male workers given 
that the composition of the low-, 
median- and high-wage workers 
would change as we move up the 
income distribution if women were 
included.

Social Security Returns for 
Low-Wage Workers. As Figure III 
shows, for male earners at the 10th  
percentile (earning less than  90 
percent of workers):

Social Security replaced about  ■
120 percent of earnings for men 
who retired in 1984, declining to 
about 100 percent for those who 
retired in 2003.8  

Social Security replaced more of  ■
their income than an account in-
vested solely in bonds.

However, the 100 percent equity  ■
account outperformed Social 
Security for workers who retired 
in 1992 and subsequent years, 

Insert callout here.
“New retirees get returns 
on Social Security that are 
comparable to investing 
in government bonds.”

benefits provided by a hypothetical 
defined contribution account to So-
cial Security benefits for a 1 percent 
representative sample of all 2004 
beneficiaries — 473,366 individuals.6 
Data on these retirees include their 
entire history of past annual earnings 
subject to the Social Security payroll 
tax. Earnings histories across the 
entire earnings distribution were 
paired with historical equity and 
government bond returns compiled 
by economist Robert Shiller.7 Our 
approach allows us to pair actual 
earnings histories across the entire 
lifetime earnings distribution with 
historical stock and bond returns. 
The hypothetical account is funded 
by an amount equal to the portion of 
the payroll tax that is necessary to 
pay retirement benefits. Taxes used 
to pay disability, survivors or spousal 
benefits were excluded.  

Three investment strategies for a 
defined contribution account are used 
to illustrate the range of potential 
market outcomes: 1) the percentage 
of the account invested in equities 
(stocks) each year is equal to 100 less 
the worker’s age, with the remainder 
invested in government bonds, 2) 
100 percent of the account is invested 
in equities and 3) 100 percent is 
invested in government bonds.  

When the worker reaches 
retirement age the accumulated 
account balance is used to buy a 
lifetime annuity at prevailing real 
interest rates. The annuities are thus 
comparable to Social Security’s 
inflation-indexed benefits. However, 
unlike an annuity, the proportion of 
workers’ wages that are replaced by 
Social Security varies with income. 
This is due to the Social Security 
benefit formula, which replaces a 
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For workers born later than those 
considered here, the performance of 
Social Security will likely decline 
further relative to the market alterna-
tives, due to the increasing taxes 
necessary to support Social Security. 
The comparable market account 
contributions would also rise and 
the higher account balances would 
produce larger annuities. Addition-
ally, the rising full retirement age 
for Social Security will reduce the 
program’s replacement rates at all 
retirement ages. 

The Effects of Recent Market 
Volatility. The data analyzed for 

this section of the study do not 
include individualized earnings 
beyond 2003, but they do include the 
2000-2003 stock market drop. The 
experience of individuals retiring in 
the 2000-2003 period suggests the 
probable effects of the 2008 stock 
market fall on older workers’ retire-
ments. Note that: 

For median-income earners, the  ■
wage replacement rate from the 
all-equity portfolio peaked for 
retirees in 2000 at 246 percent 
of their average earnings, but 
dropped to 129 percent for indi-
viduals who retired in 2003. 

This drop is equal to more than  ■
100 percent of average earnings, 
but the replacement rate is still 
well above the alternatives. 

The lifecycle account is less  ■
volatile, but would have provided 
a lower replacement rate — 107 
percent in 2000 and 85 percent 
for new retirees in 2003. 

The all-bond portfolio performs  ■
more poorly than the alternatives.

Earnings data at the individual 
level after 2003 (which was not 
available in the data used for this 

FIGURE III
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and then falls linearly to 15 per-
cent in equities by age 60.

Static aggressive lifecycle strat- ■
egy. This portfolio is invested 90 
percent in equities through age 29 
and then falls linearly to 40 per-
cent in equities by age 60.

These portfolios are static because 
equities and bonds in these portfolios 
are allocated based simply on age 
with no influence from other factors, 
such as stock market performance.

The dynamic lifecycle strategy, 
by contrast, allocates the portfolio 
between equities and bonds over 
a worker’s lifetime. This strategy 
updates the allocation based on the 
ratio of (capitalized) future income 
flows to the accumulated balance 
in a retirement account (financial 
wealth) at each age. These are dy-
namic portfolios because stock and 
bond allocations are based on factors 
that are not constant over time. (To 
see how the lifecycle strategies are 
determined, refer to Appendix A.)

Actual labor earnings are treated 
as given and the retirement age as 
predetermined. Our estimates are 
based on the scaled medium earnings 
profiles underlying the estimates of 
Social Security replacement rates 
presented in the Trustees Reports.11 
It is assumed that a constant 10 
percent of each year’s labor income 
is saved in a retirement account, 
another percentage is used to pay 
Social Security taxes and the rest is 
consumed. 

As in the previous section, only 
the portion of Social Security taxes 
used to support retirement benefits 
are netted out of income. Social 
Security benefits are calculated 

During one’s working years, 
future labor earnings and anticipated 
Social Security benefits are a form 
of insurance against the risk of 
inadequate financial resources at 
retirement. Thus, the higher the 
capitalized value of future labor 
earnings and Social Security ben-
efits is relative to the accumulated 
financial wealth in one’s retirement 
account, the greater the portion of 
the financial wealth will be invested 
in stock. Due to the fact that the 
financial wealth in the retirement 
account increases with age and the 
capitalized value of future earnings 
decreases with age, this strategy 
implies a lifecycle investment port-
folio that includes a smaller equity 
allocation as one ages.9 

Based on this theory, two general 
categories of lifecycle investment 
strategies are compared to three 
portfolios of 100 percent stocks, 100 
percent bonds and a constant mix 
of 60 percent stocks and 40 percent 
bonds. The first category of lifecycle 
strategies updates the portfolio based 
on age. The two age-based lifecycle 
strategies are borrowed from Robert 
J. Shiller.10 They are:

Static baseline lifecycle strategy. ■  
This portfolio is invested 85 per-
cent in equities through age 29 

Insert callout here.
“Lifecycle strategies allocate 

the portfolio between 
equities and bonds over 

a worker’s lifetime.”

part of the study) will likely show 
that equities outperform Social    
Security and alternative invest-
ments, even with the 2008 stock 
market crash. Individuals reaching 
retirement age in 2009 may regret 
that they did not liquidate their 
stock holdings at the peak, but even 
so, they will still have more than if 
they followed the other investment 
strategies. 

Static and Dynamic 
Lifecycle Investing

Studies based on historical stock 
and bond returns have found that 
“all-stock” portfolios typically 
outperform “all-bond” or “mixed” 
portfolios regardless of the year 
the investor retires. However, 
those studies compared investment 
strategies that maintained a constant 
mix of stocks and bonds throughout 
one’s working life, whereas both 
conventional wisdom and economic 
theory suggest that the optimal 
retirement investment strategy is to 
reduce the share of equities in one’s 
portfolio as one ages.

This section presents an alternative 
to the conventional, static methods 
of allocating an investment portfolio 
over time and the simple lifecycle 
portfolio allocation method discussed 
in the last section. Specifically, we 
use a dynamic lifecycle model to 
determine the allocation between 
equities and bonds at each age. The 
model takes into account the current 
balance in a worker’s retirement 
account, future earnings and expected 
Social Security income in determin-
ing the portfolio allocation between 
equities and bonds each year.
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based on the earnings history and 
the current-law benefit formula, 
and are obtained from the 2009 
Trustees Report. Within this context, 
a person’s welfare depends only on 
the wealth value of his or her defined 
contribution account at retirement. 
What is notable here is how to al-
locate the wealth accumulated in the 
account between stocks and bonds, 
and how alternative allocation rules 
perform based on actual asset market 
outcomes. 

Portfolio decision-making for 
retirement savings is a long-horizon 
investment problem in which high-
risk and high-return stocks tend to do 
better than more conservative bonds 
in terms of accumulated wealth at 
retirement. 

At any given point of time, 
total individual wealth consists 
of the capitalized value of future 
labor earnings (net of future Social 
Security taxes), the capitalized value 
of Social Security benefits, and the 
wealth accumulated in one’s defined 
contribution retirement account 
(also referred to as financial wealth). 
Assuming that future labor earnings 
and Social Security benefits are fixed 
and uncorrelated to equity returns, 
they provide a form of insurance for 
the individual making a portfolio 
decision regarding the allocation of 
his financial wealth.12 

Dynamic and Static Lifecycle 
Portfolio Allocations for Individu-
als with Low Risk Tolerance. Table 
I depicts dynamic and static lifecycle 

portfolio allocations for individuals 
with lower risk tolerance. Recall that 
those who have a lower risk toler-
ance are willing to give up higher 
returns in exchange for more certain 
returns (for details on how risk 
levels are assigned in this model, see 
Appendix A).

The dynamic lifecycle accounts 
remain almost exclusively invested 
in equities well into age 40 for most 
birth cohorts. In general, the shift to 
bonds in the dynamic account occurs 
over a shorter time span than with 
the static accounts. Due to market 
fluctuations, the percentage of stocks 
in an individual’s portfolio depends 
on both age and birth year. Thus, the 
dynamic account allocations respond 
to underlying market conditions 

FIGURE IV
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at each age must take into account 
past market conditions, past contri-
bution rates and projected earnings 
— the decision is individual specific.

Workers with a Higher Toler-
ance for Risk. Table I also shows 
the equity shares at age 50, when the 
tolerance for risk is higher.13 These 
portfolios are largely invested in 
stocks well into the cohorts’ 50s.14

For 50-year-old workers born in  ■
1930 and 1940, the allocation to 
stocks is nearly 100 percent.

Even workers born in 1950 would  ■
have 95 percent of their portfolio 
invested in stocks.

Allocations at Age 65. The 
dynamic lifecycle allocations at age 
65 are all higher than the allocation 
based on the static aggressive 
lifecycle account. [See Table II.] 

For lower-risk tolerant individu- ■
als, the dynamic lifecycle strategy 
allocates a lower percentage of the 
portfolio to equities for 65-year-
olds born in 1920, 1930 and 1940.

However, for higher-risk tolerant  ■
individuals, the dynamic lifecycle 
strategy allocates from 53 percent 
to almost 71 percent of savings 
to equities, compared to only 3.7 
percent for the static baseline 
lifecycle portfolio and about 32 

Insert callout here.

“The dynamic lifecycle 
allocation at each age takes 

into account market 
conditions, contribution rates 

and projected earnings.”

and the variation in workers’ annual 
earnings. Consider the portfolio 
allocations at age 50 for individuals 
born in different birth years [see 
Table I]:

For workers born in 1920 (who  ■
retired in 1985), the real value of 
the Standard and Poor’s 500 Index 
(S&P 500) more than tripled 
between the ages of 25 and 50; 
thus at age 50 a baseline dynamic 
lifecycle portfolio is allocated 69 
percent to stocks.

However, under the static baseline  ■
lifecycle portfolio, the worker 
would have only 38 percent in-
vested in equities.
Even under the static aggressive  ■
lifecycle portfolio, the percentage 
allocated to stocks would be only 
56 percent.
In contrast, workers born in 

1930 experienced only modest real 
stock returns between the ages of 
25 and 50. Thus, the ratio of their 
remaining lifetime incomes to their 
accumulated portfolios’ values was 
higher than for workers born in 
1920. Consequently: 

At 50 years of age, the baseline  ■
dynamic lifecycle portfolio alloca-
tion of workers born in 1930 is 97 
percent stocks and only 3 percent 
bonds.
But under the static baseline life- ■
cycle portfolio, the worker would 
have the same percentage invested 
in equities as the worker born in 
1920 (38 percent).
Similarly, under the static aggres- ■
sive life cycle portfolio, the per-
centage allocated to stocks would 
be 56 percent.
The range of estimates suggests 

that the lifecycle allocation decision 

percent for the static aggressive 
lifecycle portfolio.

Volatility and Wage Replace-
ment Rates. Table III and Figure VI 
illustrate how well the dynamic and 
static lifecycle accounts fare relative 
to portfolios that maintain a constant 
allocation. The outcomes are based 
on the following assumptions:

Earnings profiles are for scaled  ■
medium workers.

A constant contribution rate of  ■
10 percent of earnings are added 
to the savings account each year, 
and replacement rates equal the 
ratio of the annuitized value of 
the accumulated account balance 
at age 65 divided by average real 
lifetime earnings.

For the dynamic and static life-
cycle accounts the equity allocations 
follow the profiles calculated based 
on the ratio that is described in the 
appendix. The outcomes reflect the 
replacement rates for 25 cohorts of 
retirees born between 1919 and 1943 
who retire at age 65 in the years 
from 1984 to 2008, respectively. 
[See Figure VI.]

Of the constant allocation portfo-
lios (100 percent bond, 100 percent 
stock and the 60/40 stock/bond mix):

The all-bond portfolio has the  ■
poorest performance and the least 
variability, and the all-equity port-
folio produces the highest replace-
ment rates but varies the most 
from birth year to birth year.

The outcomes based on the con- ■
stant 60 percent equity 40 percent 
bond allocation lie between these 
two extremes.
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These outcomes provide a back-
drop for the four lifecycle accounts. 
The two static lifecycle accounts 
from Shiller (static baseline and 
static aggressive) produce relatively 
stable outcomes for retirees born in 
later birth years and outperform the 
all-bond account.

The static baseline lifecycle ac- ■
count exhibits less variation from 
year to year than does the all-bond 
portfolio, but with a 50 percent 
higher average income replace-
ment rate.

The static aggressive account per- ■
forms better than the 60/40 account 
for almost one-third of the birth 
years and exhibits less variation.

However, the two dynamic 
lifecycle accounts perform better 
than the static lifecycle accounts in 
terms of income replacement rates.

The baseline dynamic account  ■
produces a 21 percent higher aver-
age replacement rate than the static 
aggressive lifecycle account, but 
exhibits only slightly higher rela-
tive variation.15  

Also, the baseline average replace- ■
ment rate is 14 percent higher — 
and its relative variation lower — 
than the constant 60/40 account. 

The higher risk tolerance dynamic  ■
account produces an average 
replacement rate that is only 8 

percent lower than the 100 percent 
equity portfolio, but its measure 
of relative variation is 31 percent 
lower.

Which Investment Strategy 
Is Better? The dynamic lifecycle 
accounts can produce outcomes that 
fare well against the 100 percent 
equity strategy. But is investing 100 
percent in equities every year until 
retirement a relevant benchmark? It 
is expected that investors will opt out 
of the risky assets as they get closer 
to retirement and the dynamic ad-
justments are outlined for two such 
paths. For each birth year (cohort), 
the retirement wealth under each 
investment strategy was obtained for 

FIGURE V
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fare worse than the all-bond option 
except for early generations. These 
findings could help reduce the doubt 
some have about individual Social 
Security retirement accounts.  

A potential criticism of the life-
cycle investment strategy is that it 
requires the active participation and 
financial sophistication of the deci-
sion maker. When individuals are 
presented with complicated choices, 
they have the tendency to do nothing 
and go with the default. As a result, 
requiring an employee to frequently 
rebalance his retirement portfolio 
over time may seem to be an 

unrealistic expectation. However, the 
same “action inertia” and “analysis 
paralysis” by employees that makes 
default options so powerful may also 
help in integrating lifecycle invest-
ment strategies into 401(k) plans. 
As long as a professionally designed 
lifecycle investment strategy is the 
default choice — along with plan 
participation and periodic contribu-
tions — individual employees can 
benefit from lifecycle funds without 
understanding the underlying 
mechanism or making any explicit 
choices.   

Indeed, since the Pension Protec-
tion Act of 2006 encouraged adop-
tion of automatic 401(k)s, their use 
is steadily increasing. The automatic 

the realized historical capital market 
returns during that cohort’s working 
life. That retirement wealth is higher 
under one strategy than another 
implies that a particular birth year 
would be better off under the former 
strategy given the realized market 
returns, but it does not necessarily 
imply that the former strategy is 
preferred to the latter. 

Policy Considerations
Defined contribution retirement 

plans are often criticized for expos-
ing employees to the risk of uncer-
tain asset returns, even though the 
alternatives — pensions and Social 
Security — carry risks of their own. 
Appropriately chosen lifecycle in-
vestment strategies can, by investing 
heavily in high-return stocks dur-
ing the early years in the labor force 
and gradually switching to lower risk 
bonds near retirement, take advan-
tage of the average higher returns of-
fered by the stock market and avoid 
the associated risks. 

Compared to constant-over-time 
portfolios, such as all-stocks, 
all-bonds or a 60/40 stock/bond 
mix, lifecycle investment strategies 
provide sufficiently high and stable 
returns. Therefore, introducing 
lifecycle investment strategies 
significantly enhances the at-
tractiveness of defined contribution 
retirement plans. In particular, using 
lifecycle funds as the default for 
401(k) plans is a great improvement 
over the old practice of using overly 
conservative principal preservation 
funds. Indeed, lifecycle investment 
strategies generally dominate the 
all-bonds strategy both in terms of 
risk and returns. In contrast, the 
Social Security investment tends to 

401(k) makes the lifecycle invest-
ment strategies studied here realistic, 
and the proposed lifecycle strategies 
can help enhance the investment 
package of the automatic 401(k). 
Automatic 401(k)s can include auto-
matic contributions into a dynamic 
lifecycle account. The financial 
reports received by the investor can 
be enhanced so that they provide 
expected income replacement rates 
based on current account accumula-
tions and expected contribution rates 
and earnings. 

Conclusion
It has long been understood Social 

Security gives recent new retirees 
below market returns and that future 
workers’ returns will be even lower. 
Social Security has been justified 
by the stability of rates of return 
for consecutive birth years and its 
redistribution to low income retirees. 
However, the social goal of redistrib-
uting to lower-income retirees can be 
accomplished separately and needn’t 
be part of the retirement program.  

Social Security is financed with 
contemporaneous taxes rather than 
being prepaid. This comparison of 
market investments to Social Secu-
rity illustrates that though the market 
is volatile, it produces superior 
retirement flows across the entire 
distribution of lifetime earnings. In 
addition, Social Security’s ability to 
provide stable retirement benefits 
implies that taxpayers are providing 
a hefty amount of downside risk pro-
tection. The costs of this insurance 
function are seldom mentioned in 
policy discussion and consequently 
the insurance is assumed to be free. 

Insert callout here.
“The market is volatile, 
but it provides higher 
income than Social 

Security for all groups.”
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There is no denying that the market 
is risky, but its risks are explicit. 

This study has also shown that 
defined contribution plans compare 
favorably relative to the alternatives, 
including defined benefit pensions. 
The ability of private defined 
benefit plans to pay steady pensions 
is contingent on the viability of the 
sponsoring firm and/or the viability 
of the underwriting agency. Likewise 
the ability of government defined 
benefit pension plans to pay benefits 
depends on how well the plans 
are funded and the willingness of 
taxpayers to insure the plans. 

Among the lessons of the past de-
cade:  Workers should invest for the 

long haul, expect volatility, continue 
to invest even when their portfolio 
balloons or crashes, and should not 
prematurely reduce their work effort 
in response to rising balances in 
their stock funds. The individualized 
lifecycle allocation method provides 
one way to automatically rebalance 
portfolios through time. 

The ability of defined contribution 
plans to provide secure retirement 
income also depends on public 
policies that ensure that the rules of 
the game under which workers plan 
for their retirements don’t change 
once they are retired. It is critical 
to ensure that defined contribution 
plans are protected from future 
taxes other than those that are 
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expected based on the particular 
nature of the retirement account. In 
particular, workers who saved more, 
or invested wisely, or happen to have 
benefited from higher returns during 
their working years should not be 
penalized by policies that target their 
retirement accounts.  

Finally, this study also showed 
that labor earnings are a critical 
component of older Americans’ 
retirement income. Earnings at higher 
ages can be increased by reforms to 
Social Security that reduce incentives 
to exit the labor force. These reforms 
include dropping the earnings test for 
beneficiaries between the ages of 62 
and 64, and reducing or phasing out 
payroll tax payments after workers 
reach the retirement age. 
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TABLE I

Equity Allocations for 50-Year-Old Workers
(medium earners)

 Born in 1920 Born in 1930 Born in 1940 Born in 1950 

Static Baseline Lifecycle 37.6% 37.6% 37.6% 37.6% 

Static Aggressive Lifecycle 56.1% 56.1% 56. 1% 56.1% 

 
Baseline Dynamic Lifecycle  
(Lower Risk Tolerance) 
 

69.4% 97.7% 91.6 % 60% 

 
Dynamic Lifecycle 
(Higher Risk Tolerance) 
 

98.6% 100% 100% 95.1% 

 Source: Authors’ calculations.

TABLE II

Equity Allocations for 65-Year-Old Workers
(medium earners) 

 

 

 

 

 

 

 

 

 

 Born in 1920 Born in 1930 Born in 1940 

Static Baseline Lifecycle 3.7% 3.7% 3.7% 

Static Aggressive Lifecycle 31.9% 31.9% 31.9% 

 
Baseline Dynamic Lifecycle 
(Lower Risk Tolerance) 
 

27.3% 29% 24.9% 

 
Dynamic Lifecycle 
(Higher Risk Tolerance) 
 

70.5% 61.2% 53.2% 

Source: Authors’ calculations.
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TABLE III

Average Earnings Replacement Rates and Coefficients of Variation 
for Workers Retiring in 1984 to 2008 by Portfolio

                                                  
Portfolio 

Average  
Replacement Rate 

Coefficient of Variation 
in Replacement Rates 

Baseline Dynamic 145% 0.081 

Higher Risk Dynamic 182% 0.182 

Baseline Static 95% 0.030 

Baseline Aggressive 120% 0.073 

All-Stock 198% 0.266 

All-Bond 62% 0.064 

60/40 128% 0.195 
 Source: Authors’ calculations.

Appendix A:  Dynamic Lifecycle Portfolio Allocation Strategies
Ratio-Based Dynamic Lifecycle Strategies

We propose a category of ratio-based lifecycle strategies that is tailored to the individual and begins with the ratio 
of the present value at each age of future labor earnings net of Social Security taxes and Social Security benefit 
payments to financial wealth at each age.

Ria is the ratio for worker i at age a. At very young ages λia approaches infinity, but as workers age the numerator 
declines as the denominator rises.16 The ratio is used to determine the share of assets in a worker’s defined contribu-
tion account at each age that is invested in equities based on the following formula. 

Where λia is the equity share in the portfolio for individual i at age a and δ is a parameter which we initially set to 
be 1. Specifying the underlying value of the parameter δ is difficult but crucial. In general its value depends on 
the relative attractiveness of stocks and bonds and the investor’s attitude towards risk. The more attractive stocks 
are relative to bonds or the higher the investor’s tolerance of risk the larger will be the value of δ. In the following 
estimates we also consider the portfolio weights when δ is set to 3. 
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Endnotes
1. A couple is included in the figure if at least one individual is 62 or above, and a nonmarried individual is included if 62 or above. Income from 

assets, private pensions and annuities, government employee pensions, and other income comprise the excluded category.
2. As noted in the Pension Benefit Guaranty Corporation’s 2008 Annual Report, “The Corporation has sufficient liquidity to meet its obligations 

for a number of years; however, neither of its insurance programs at present has the resources to fully satisfy PBGC’s long-term obligations to 
plan participants.”  See Pension Benefit Guaranty Corporation, 2008 Annual Report, page 3.

3. From the EBRI Databook on Employee Benefits, Employee Benefit Research Institute, Tables 10.2a and 10.2b.
4. See James Poterba, Steven Venti and David A. Wise, “New Estimates of the Future Path of 401(k) Assets,” in James M. Poterba, editor, Tax 

Policy and the Economy, Volume 22 (University of Chicago Press: 2008), pages 43-80.
5. See Government Accountability Office, “State and Local Government Pension Plans: Current Structure and Funded Status,” Statement of 

Barbara D. Bovbjerg, testimony before the Joint Economic Committee of the Senate and House, July 2008.
6. The individual taxable earnings histories Social Security benefit amounts are from the Benefits and Earnings Public-Use File, 2004. 
7. The data are available at http://www.econ.yale.edu/~shiller/data.htm.
8. Note that these replacement rates differ from those presented in the annual Social Security Trustees Reports because:  1) we use price-indexed 

rather than wage-indexed past earnings; 2) we average the earnings over all ages rather than only the top 35 years; and 3) our replacement rates 
are based on the realized distribution of earnings for the beneficiaries in the 1 percent sample.  Further, the 10th, 50th and 90th percentiles in 
the lifetime taxable earnings distribution are not comparable to the hypothetical scaled low-, medium-, or high-earners used to develop the 
replacement rate estimates in the Trustees Reports.  In the comparisons with the dynamic lifecycle investment strategy that follow, the Social 
Security Administration’s scaled worker profile for medium workers are used to compare alternative investment outcomes for various birth 
years.

9. See Robert C. Merton, “Optimum Consumption and Portfolio Rules in a Continuous-Time Model,” Journal of Economic Theory, Vol. 3, No. 4, 
1971, pages 373-413.

10. Robert J. Shiller, “The Life-Cycle Personal Accounts Proposal for Social Security: An Evaluation,” National Bureau of Economic Research, 
Working Paper No. 11300, April 2005. 

11. The replacement rates are presented in Table VI.F10 in the 2009 Social Security Trustees Report. The scaling factors used to estimate the 
medium-scaled workers’ profiles are from Michael Clingman and Orlo Nichols, “Scaled Factors for Hypothetical Earnings Examples Under 
the 2008 Trustees Report Assumptions,” August 2008, Actuarial Note No. 2008.3, Social Security Administration, Office of the Actuary. We 
extend the scaled factors to ages 18-20 and to ages 65-70.  While the scale factors are common across ages for all of the birth years considered, 
the factors are multiplied by the Social Security average wage to render cohort-specific profiles that vary with annual fluctuation in the 
economy-wide average wage. 

12. Flexible labor supply (hence labor earnings) and retirement age provide additional insurance against risky equity returns. See Zvi Bodie et 
al., “Labor Supply Flexibility and Portfolio Choice in a Lifecycle Model,” Journal of Economic Dynamics and Control, Vol. 16, 1992, pages 
427-449.

13. The δ parameter used to determine λia is raised to 3 from 1.  To see how this parameter is used to measure risk tolerance, see Appendix A.
14. There are two notable exceptions (not shown in table):  Workers born in 1940 who saw the stock market triple in value between the age 55 

and 60, years 1995 to 2000, and workers born in 1945 who were 50 to 55 years of age during this period.  As the stock market rose, and their 
remaining lifetime earnings diminished as they approached retirement, their ratios declined, and the dynamic lifecycle approach would have 
reduced their equity holdings in favor of bonds.  For example, a 60-year-old worker born in 1940 would have only 63 percent allocated in 
equities, compared to 89 percent for a 60-year-old worker born in 1930.

15 The dynamic baseline account’s average wage replacement rate is 1.45 while the static aggressive account’s average replacement rate is 1.20.  
Their respective coefficients of variation are 0.081 and 0.073.

16 Note that the present values in the numerator of future earnings and Social Security benefits can be determined using different discount 
rates depending on how volatile future earnings are expected to be.  Higher discount rates would be used for less certain earnings, implying 
a lower ratio and ultimately smaller holdings in the risky asset.  For the estimates presented here we use a constant real 3 percent discount 
rate. Also note that higher past contribution rates will result in higher accumulations in the denominator and will also produce a lower ratio 
and a smaller percent allocation in equities.  
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