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senior economist at the CRR.  This brief is adapted from a longer paper (Li and Webb 2012).

Introduction 
Economic theory says that participants in 401(k) 
plans should gradually rebalance their portfolios 
away from stocks towards less risky bonds as they 
approach retirement.  The rationale is that at younger 
ages households hold a substantial portion of their 
wealth in the expected present value of their remain-
ing lifetime earnings, which are generally viewed as a 
relatively low risk asset, so they should hold much of 
their financial assets in high risk/high return stocks.  
As households approach retirement, the value of the 
earnings asset declines, so they should compensate 
by rebalancing their investment portfolios away from 
stocks and into bonds.1

Many households fail to rebalance their portfolios 
as they age, reflecting both inertia and lack of invest-
ment skills.  In response, 401(k) plans offer life-cycle, 
or target date, funds which automatically rebalance 
the household’s portfolio with age.  Conventional tar-
get date funds take into account only one aspect of an 
individual – namely, the person’s expected retirement 
date.  In fact, the plan provider knows additional 
information about the individual, including his earn-
ings, the balance in his 401(k) account, and his saving 
rate.  This brief compares how much a conventional 

(“one-size-fits-all”) target date fund improves the out-
come compared to the asset allocation that individu-
als would choose on their own and how much taking 
into account the additional information improves the 
outcome compared to the one-size fits-all target date 
fund.   

This brief, adapted from a new paper, proceeds as 
follows.  The first section establishes the benchmark 
– expected lifetime utility from an optimal invest-
ment strategy – against which each 401(k) investment 
option is compared.  The second section describes 
the horse race in which the outcomes for each of 
the three allocation approaches are compared to the 
benchmark.  The third section suggests two addi-
tional adjustments – basing portfolios on estimated 
household characteristics rather than relying solely on 
participant data and taking into account the riski-
ness of the participant’s earnings – that would bring 
outcomes closer to the optimal.  The final section 
concludes that a target date fund is better than leaving 
the household on its own and that adding informa-
tion to the one-size-fits-all target date fund can bring 
the outcome even closer to the optimal for the great 
majority of households.  
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alternatives stack up is the percentage increase in 
annual salary that the household would require to be 
indifferent between the specified portfolio and the op-
timal portfolio and the amount to which that increase 
would grow by age 65.  

The key fact to keep in mind is that the bench-
mark results are for the household and based on the 
household’s information, but the portfolios for the one-
size-fits-all and the semi-personalized alternatives in 
the horse race described below are based on informa-
tion about the participant, which is the only informa-
tion available to the plan provider.

 

The Typical Portfolio

For the first horse, the household is given a typical 
portfolio allocation for each year’s contributions, but 
does not rebalance its existing portfolio in response to 
realized returns.6  The household is allowed to select 
an optimal saving rate, given its portfolio allocation.  
The results are used to calculate the percentage salary 
increase that the household would require to be indif-
ferent between the typical and the optimal portfolio 
allocation, and the average amount that this percent-
age of salary would grow to by age 65.  The analysis 
includes three prototypical households with different 
levels of earnings.  The average earnings, $91,000, are 
for a two-income, college-educated couple, the type of 
household most likely to have 401(k) coverage.  The 
low-earnings household makes half of the average 
amount and the high-earnings household makes 
twice the average amount.
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The Benchmark
Comparing alternative approaches to asset allocation 
requires a benchmark.  The approach taken in this 
study is to use numerical optimization techniques 
to model optimal savings and asset allocation.2  The 
household’s goal is to maximize the expected dis-
counted utility of lifetime consumption.  The house-
hold faces three types of uncertainty.  The first is 
labor income uncertainty.  While the model abstracts 
from the risk of unemployment, it does incorporate 
unpredictability in year-to-year earnings.  The sec-
ond is financial market uncertainty.  In the model, 
households can invest in a risk-free bond yielding a 
3-percent real interest rate or in risky stocks with real 
returns that fluctuate around 6.5 percent.3  The third 
is longevity uncertainty; the household does not know 
precisely how long each member will live.  

The model allows for alternative levels of risk aver-
sion, various retirement ages, and high and low levels 
of earnings uncertainty.  The model also incorpo-
rates Social Security benefits and Social Security and 
federal income taxes, including the taxation of Social 
Security benefits and 401(k) withdrawals.  

Once the model is constructed, the first step is to 
estimate it with fully optimizing behavior for the typi-
cal household.  In each period, starting at age 22, the 
household chooses how much to consume and how 
much to save and how to allocate its portfolio between 
risky stocks and a risk-free bond.  The results vary by 
the household’s degree of risk aversion, the level and 
uncertainty surrounding its earnings, and its expected 
retirement age.  The results for the base case reported 
below assume that the household is relatively risk 
averse, has an average level of earnings uncertainty, is 
starting at age 22 with zero wealth, and retires at 65.4

The Horse Race
The model is then re-estimated under three scenarios, 
in which the individual is constrained to invest in: 
1) the portfolio held by the typical household; 2) a 
one-size-fits-all target date fund; and 3) a semi-per-
sonalized target date fund that takes into account the 
individual’s earnings, 401(k) balance, and saving rate.  
In each case, the model yields an expected utility of 
lifetime consumption, which can be compared to the 
utility of the consumption produced by the optimal 
portfolio.  The semi-personalized and one-size-fits-all 
portfolios are constructed using the same coefficient 
of risk aversion used to construct the optimal port-
folio.5  The measure used for comparing how the 

Figure 1. Compensation Required for Adopting 
Alternatives to an Optimal Portfolio, by Earnings

Source: Authors’ calculations.
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Given the baseline assumptions, the household 
with average income would require a 0.79-percent 
increase in salary as compensation for investing in 
the typical portfolio compared to the optimal strategy.  
Although this number may at first appear small, if it 
were set aside and invested each year, it would grow 
to $60,000 by age 65 (see Figure 1 on the previous 
page).7  A high-earner household would require a 
similar percentage increase in salary (0.80 percent), 
but the cumulative amount would equal $122,000 at 
age 65.

 

A One-Size-Fits-All Target Date Fund 

The second horse is a one-size-fits-all target date fund.  
According to the life-cycle model, households should 
gradually rebalance from stocks to bonds as they age, 
reflecting the declining value of their human capital.  
Thus, the plan provider will design a fund that gradu-
ally reduces the share of equities in the portfolio.  The 
portfolio will be derived from a model similar to the 
benchmark discussed above and would be – by design 
– optimal for the average household, had the alloca-
tion been based on household information.  However, 
as noted, the plan provider only knows the earnings 
of the individual, so the portfolio allocation is some-
what suboptimal even for the average household.  In 
almost all cases, the one-size-fits-all portfolio is closer 
to the optimal than the typical portfolio, reflecting 
the benefits of adjusting portfolio allocation over the 
life-cycle.

A Semi-Personalized Target Date Fund 

The third horse is a semi-personalized target date 
fund that reflects information known to the em-
ployer: the participant’s earnings, plan balance, and 
saving rate.  With this additional information, the 
semi-personalized strategy would be optimal at each 
income level if the allocation had been based on the 
household’s information.  But given that it reflects only 
the participant’s earnings, 401(k) assets, and saving 
rate, households remain in a suboptimal position and 
require some compensation.  For a household that 
has precisely the average income, by definition, the 
semi-personalized portfolio performs just as well as 
the one-size-fits-all target date fund.  For most other 
households, the semi-personalized portfolio is closer 
to the optimal than the one-size-fits-all target date 
fund. 

Improving the Results
Two considerations could improve the performance of 
even the semi-personalized target date fund.  The first 
is to base the asset allocation on estimated household 
information rather than simply on what is known 
about the participant.  The second is to take earnings 
uncertainty explicitly into account.   

Individual versus Household

The above calculations assume that the employer 
observes only the participant’s income and 401(k) 
plan balance and has no information regarding his 
spouse’s income and 401(k) plan balance or the 
household’s non-401(k) financial assets.  However, 
this problem could be mitigated by using the Fed-
eral Reserve’s Survey of Consumer Finances to predict 
household income and assets based on the par-
ticipant’s income, 401(k) plan balance, age, gender, 
marital status, and job tenure, all of which is known 
to the employer.  Building this information into the 
methodology presented above brings the allocations 
closer to the optimal outcome for both types of target 
date funds.  Under the assumptions, if the employer 
is able to predict the household’s income, the semi-
personalized portfolio is perfectly optimal for house-
holds at all earnings levels (see Figure 2).  

Figure 2. Compensation Required for Adopting 
Target Date Alternatives (Based on Household 
Earnings) to an Optimal Portfolio, by Earnings

Source: Authors’ calculations.
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Earnings Risk

The optimal portfolio allocation also depends on the 
riskiness of the household’s earnings.  Participants 
who work for public utilities and have secure earn-
ings can take on more risk in their 401(k) portfolio 
than those who work for an Internet startup.  Figure 
3 shows the compensation required for the semi-per-
sonalized approach by earnings level and by degree of 
earnings uncertainty.  As before, the semi-personal-
ized approach is optimal for households with average 
earnings uncertainty at all income levels.  It is also 
close to optimal for those with below average earnings 
uncertainty, because their optimal portfolio is similar 
to that of households with average earnings uncer-
tainty.  In contrast, the semi-personalized approach is 
far from optimal for households with more earnings 
uncertainty.8  These losses could be eliminated by es-
timating labor market risk by firm and adjusting the 
recommended asset allocation accordingly.  

Conclusion
Many households fail to rebalance their 401(k) as-
sets as they age, which is at odds with the guidance 
provided by economic theory.  In response, a large 
number of 401(k) plans now offer target date funds, 
which automatically rebalance portfolios.  The target 
date approach is a clear improvement over leaving 
participants on their own.  However, conventional tar-
get date funds follow a one-size-fits-all approach that 
accounts only for each worker’s expected retirement 
date.  This brief shows that a semi-personalized target 
date fund, which also incorporates information on a 
worker’s earnings, 401(k) account balance, and saving 
rate, generally outperforms the one-size-fits-all fund 
by more closely matching an optimal portfolio.  These 
results can be improved even further by including 
information on the household rather than simply the 
individual participant and by taking into account the 
household’s earnings uncertainty.
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Figure 3. Compensation Required for Adopting a 
Semi-Personalized Portfolio Based on Household 
Earnings, By Earnings and Earnings Uncertainty

Source: Authors’ calculations.
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Endnotes
1  Jagannathan and Kocherlakota (1996). 

2  See Li and Webb (2012) for a more detailed descrip-
tion of the methodology and results.

3  Although bonds are a risky asset in a single period 
model, Campbell and Viceira (2002) argue that they 
are the true risk-free asset in the long run because 
they offer a guaranteed return on capital.

4  The household’s assumed coefficient of relative risk 
aversion (CRRA) is 5.  For a discussion of plausible 
CRRAs, see Chetty (2003). 

5  Both one-size-fits-all and semi-personalized port-
folio allocations could reduce household well-being if 
they were based on incorrect estimates of household 
risk preferences.

6  The portfolio allocation for each year’s contri-
butions results in average portfolio allocations at 
retirement that match the average in the Survey of 
Consumer Finances for households age 55-64 in their 
income tercile.  Mitchell et al. (2006) show that 401(k) 
participants rarely rebalance their portfolios.

7  The assumed rate of return is the risk-free rate.

8  The standard deviation of the earnings shocks of 
the low-volatility households is defined as zero, and 
that of the high-volatility households is twice the aver-
age.  When households do not face any labor income 
uncertainty, it is optimal to hold slightly more in equi-
ties.  When they face higher volatility, they optimally 
hold substantially less in equities.

References
Campbell, John Y. and Luis M. Viceira. 2002. Strategic 

Asset Allocation: Portfolio Choice for Long-Term In-
vestors. Oxford, United Kingdom: Oxford Univer-
sity Press.

Chetty, Raj. 2003 “A New Method of Estimating Risk 
Aversion.” Working Paper 9988. Cambridge, MA: 
National Bureau of Economic Research.

Jagannathan, Ravi and Narayana R. Kocherlakota. 
1996. “Why Should Older People Invest Less in 
Stocks than Younger People?” Federal Reserve Bank 
of Minneapolis Quarterly Review 20(3): 11-23.

Li, Zhenyu and Anthony Webb. 2012. “Using Partici-
pant Data to Improve 401(k) Asset Allocation.” 
Working Paper 2012-20. Chestnut Hill, MA: Cen-
ter for Retirement Research at Boston College.

Mitchell, Olivia S., Gary R. Mottola, Stephen P. Utkus, 
and Takeshi Yamashita. 2006. “The Inattentive 
Participant: Portfolio Trading Behavior in 401(k) 
Plans.” Working Paper 2006-115. Ann Arbor, 
MI: University of Michigan Retirement Research 
Center.



About the Center
The Center for Retirement Research at Boston Col-
lege was established in 1998 through a grant from the 
Social Security Administration.  The Center’s mission 
is to produce first-class research and educational tools 
and forge a strong link between the academic com-
munity and decision-makers in the public and private 
sectors around an issue of critical importance to the 
nation’s future.  To achieve this mission, the Center 
sponsors a wide variety of research projects, transmits 
new findings to a broad audience, trains new schol-
ars, and broadens access to valuable data sources.  
Since its inception, the Center has established a repu-
tation as an authoritative source of information on all 
major aspects of the retirement income debate.

Affiliated Institutions
The Brookings Institution
Massachusetts Institute of Technology
Syracuse University
Urban Institute

Contact Information
Center for Retirement Research
Boston College
Hovey House
140 Commonwealth Avenue
Chestnut Hill, MA 02467-3808
Phone: (617) 552-1762
Fax: (617) 552-0191
E-mail: crr@bc.edu
Website: http://crr.bc.edu

© 2012, by Trustees of Boston College, Center for Retire-
ment Research.  All rights reserved.  Short sections of text, 
not to exceed two paragraphs, may be quoted without ex-
plicit permission provided that the authors are identified and 
full credit, including copyright notice, is given to Trustees of 
Boston College, Center for Retirement Research.

The research reported herein was supported by Charles 
Schwab & Co., Inc.  The findings and conclusions expressed 
are solely those of the authors and do not represent the 
opinions or policy of Charles Schwab & Co., Inc. or the Cen-
ter for Retirement Research at Boston College.

R E S E A R C H
RETIREMENT 


