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Abstract
We assess the welfare implications of alternative retirement plan 

investment options given that households may not invest accord-

ing to optimal portfolio choice theory but may instead use simple 

decision rules. We simulate the performance of lifestyle, lifecycle, 

and other strategies for allocating retirement savings. We find that 

if investors use simple rules of thumb to choose investments then 

the impact of these strategies on welfare depends to a large extent 

on the choice sets that are offered. If larger choice sets cause 

investors to undertake more risk then risk tolerant individuals may 

tend to be made better off. If, instead, larger choice sets cause 

them to select sub-optimally low levels of portfolio risk then the 

increased choice set may make them substantially worse off. The 

welfare effects of plan designs that encourage lifecycle investing, 

which tends to be conservative over the lifetime, therefore depend 

crucially on the counterfactual portfolio composition, as well as 

preferences and non-retirement wealth. 
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Center, or the RAND Corporation.
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Standard investment advice calls for individuals to reduce alloca-

tions to risky assets with age, or, more precisely, as the investment 

horizon shortens. Canner et al. (1997), for example, cite a rule of 

thumb stock allocation percentage of 100 minus age. More gener-

ally, so-called lifecycle funds decrease the proportion invested in 

equities as the investor ages. These funds have become increas-

ingly popular investment vehicles in the U.S. In fact, President 

Bush’s proposal to reform Social Security, entitled Strengthening 

Social Security in the 21st Century, called for allocating the entire 

investment portfolio at age 47 to a lifecycle fund, subject to an opt-

out provision. Yet, the increasing popularity of lifecycle funds and 

associated investment strategies runs counter to a key finding by 

Samuelson (1969), that portfolio allocation should be invariant to 

the investment horizon. Samuelson (1994) discusses several excep-

tions to this result, as do Jagannathan and Kocherlakota (1996) 

and Ameriks and Zeldes (2004). For example, one must account for 

human capital wealth when assessing the allocation of total wealth, 

in which case age variation in the optimal financial wealth allocation 

depends crucially on the variation of labor market earnings with 

financial market returns. The possibility for a labor supply response 

to financial market realizations as a form of hedging offers a clearer 

justification for a lifecycle investment strategy [Bodie et al. (1992)]. 

Standard investment advice, however, tends to ignore these 

aspects of prospective labor market earnings, focusing instead 

on risk tolerance, investment horizon, and, perhaps, the extent of 

background risks, such as labor income risk.

In their review of theoretical justifications for lifecycle investment 

strategies, Ameriks and Zeldes (2004) note the possibility that 

risk preferences vary systematically with age. If investors become 

more risk averse with age then the optimal portfolio allocation 

will become more conservative as the investor ages. A similar 

argument holds for their expectations. That is, if expectations of 

returns to risky assets become lower with age, as has been found 

by Dominitz and Manski (2004, 2007), then the optimal portfolio 

allocation of a risk averse investor will become more conservative 

as the investor ages.

Recent work in behavioral finance suggests that, whatever their 

preferences, expectations, and background risks, investors do not 

make optimal portfolio allocation decisions. Instead, they tend to 

use heuristics or simple decision rules to make their initial alloca-

tion decisions. Madrian and Shea (2001) examine 401(k) allocation 

behavior by a group of employees from a Fortune 500 company 

and find that an individual’s allocation of regular contributions to a 

401(k) plan is sensitive to enrollment default options. One group of 

employees in their analysis is automatically enrolled in the 401(k) 

plan unless they explicitly choose to opt out. For these employees 

the default investment for the 401(k) plan is a money market fund. 

The authors find that over 90% of these employees hold the money 

market fund in their 401(k) balance, and 75% of these employees 

hold their entire 401(k) balance in the money market fund. In con-

trast, of employees from this same company for whom there is no 

default fund allocation less than 20% hold any money market fund 

in the 401(k) balance.

A related example of apparently suboptimal decision making is 

the preponderance of the “1/n rule” documented by Benartzi and 

Thaler (2001). These authors find that investor allocation decisions 

are heavily dependent upon the choices offered to them. Roughly 

speaking, if the retirement plan offers n choices then plan partici-

pants tend to allocate 1/n of their investment to each of the choices 

offered, independently of the risk characteristics of the investment 

opportunities. This decision rule implies that participants in a plan 

that offers numerous equity funds and few bond funds will end up 

allocating most of their savings to equity funds, regardless of indi-

vidual risk preferences and investment horizons.

By analyzing financial records provided by Vanguard for over 

570,000 participants in 639 different defined contribution plans 

Huberman and Jiang (2006) find that investors follow a 1/n rule, but 

the ‘n’ used in the denominator is not the number of fund choices 

available. Instead, they find that most investors equally allocate 

their 401(k) contributions across a subset of the offered funds. This 

subset is typically composed of less than four funds, and the num-

ber of chosen funds is independent of the size of the choice menu. 

Furthermore, Huberman and Jiang find only a marginal relationship 

between participant equity allocation and the proportion of equity 

funds offered in their 401(k) plan. In contrast, Iyengar and Jiang 

(2005) find that, when faced with additional choices, investors tend 

to choose less risky options. The implication of their finding is that 

participants in a plan that offers numerous equity funds and few 

bond funds will allocate more savings to bond funds than if there 

were fewer equity funds offered. This prediction contrasts sharply 

with that of Benartzi and Thaler (2001).

Research that has focused on reallocation decisions rather than 

initial allocations of contribution has generated the finding that 

retirement portfolios are rarely adjusted. In fact, the overwhelming 

majority of individuals are found to engage in no rebalancing of 

401(k) portfolios in any year [Hewitt Associates (2004), Investment 

Company Institute (2001), Samuelson and Zeckhauser (1988)]. Even 

where the introduction of Internet access was found to greatly 

increase trading activity, most participants were inactive over a 

three-year period of study that immediately preceded the stock 

market collapse of 2000 [Choi et al. (2002)]. One may attribute the 

lack of portfolio rebalancing to a deliberate buy-and-hold strategy. 

Yet such a strategy may be suboptimal when equities exhibit wide 

swings in value over time, such as during the past decade. A very 

different conclusion about transactions was reached by Odean 

(1999), who asked whether investors trade too much. His sample, 

however, consisted of individuals who had brokerage accounts. The 
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activity observed in these accounts seems to differ greatly from the 

inactivity observed in retirement accounts.

Our goal here is to assess the welfare implications of alternative 

retirement plan investment options given that households may not 

invest according to optimal portfolio choice theory but may instead 

use simple decision rules. It is these decision rules that have led to 

calls for the use of lifecycle funds as the default investment choice. 

Would investment in a single lifecycle fund be better for most 

retirement plan participants, who must have heterogeneous prefer-

ences and levels of wealth? If so, then, in the context of a personal 

retirement account component of Social Security, why not just have 

an independent agency invest the funds for everyone, perhaps with 

an opt-out provision for individuals who really want to manage their 

own portfolios?

We address such questions by performing numerous simula-

tions based on the historical distribution of returns to common 

stock, long-term government bonds, and Treasury bills, as used 

by Canner et al. (1997). We also add simulated funds designed to 

mimic the choice set facing participants in the U.S. federal govern-

ment employee Thrift Savings Plan, which includes a lifecycle fund. 

Finally, we add three so-called lifestyle funds. The final report of 

the President’s Commission to Strengthen Social Security (2001) 

recommended offering three such balanced funds, ‘conservative, 

medium, and growth.’ We implement these funds as mixes of the 

other funds. Our lifecycle fund is also a mix of the other funds, 

with the fraction in risky assets declining linearly as retirement 

approaches.

The approach we take to addressing these questions is similar 

in spirit to Calvet et al. (2007). They assess the welfare costs of 

household investment mistakes in Sweden, focusing on under-

diversification of risky assets and nonparticipation in risky asset 

markets. The finding that households who do participate are insuf-

ficiently diversified suggests that the costs of nonparticipation are 

smaller than they would otherwise be. Thus, these authors recog-

nize that the expected benefits of participation must be assessed 

based on some notion of how households will actually behave once 

they choose to participate.

The work of Poterba et al. (2006) is also particularly relevant. Using 

simulations based on historical returns in the U.S., they assess 

the outcomes of a number of investment strategies, including (1) 

100% investment in inflation-indexed long-term bonds, corporate 

stock, or long-term government bonds, (2) lifecycle funds, (3) the 

‘no lose’ strategy proposed by Feldstein (2005), and (4) simulated 

‘optimal strategies.’ They find that the welfare implications of the 

various strategies are very sensitive to assumptions on prefer-

ences, wealth held outside of retirement plans, assets returns, and 

expense ratios. The role of expense ratios is particularly relevant 

when one considers the benefits of lifecycle funds, which tend to 

carry higher ratios.

Models of portfolio choice
Basic model of portfolio choice

Following Blanchard and Fischer (1989, Chapter 6.2), we consider 

a consumer who lives until period T. In any period t, the consumer 

chooses consumption Ct to maximize E[Ss=t→T bs-tU(Cs) | Φt], where 

Φt denotes the period-t information set and future utility U(Ct+j) 

(j>0) is discounted by bj.

To begin, let the consumer be uncertain about future income Yt+j 

(j>0). The consumer can allocate current period savings Yt-Ct, as 

well as accumulated assets At, between a riskless asset yielding 

a known rate of return rt and a risky asset yielding an uncertain 

rate of return zt. Let the fraction wt denote the share of the port-

folio allocated to the riskless asset. The budget constraint is given 

by At+1 = (At+Yt-Ct) [(1+rt)wt + (1+zt)(1-wt)]; At ≥ 0. The consumer 

chooses a consumption and portfolio plan at time 1, knowing that 

he/she will be able to choose a new plan at time 2, and then again 

at time 3, and each period thereafter. To solve for first-period con-

sumption C1 and portfolio share w1 we may use stochastic dynamic 

programming. We first define the value function Vt(At) = max E 

[Ss=t→T bs-tU(Cs) | Φt], subject to the budget constraint. The value 

function satisfies the Bellman equation Vt(At) = max(Ct,wt
)U(Ct) + bE 

[Vt+1 (At+1) | Φt].

With fully diversifiable income Yt, explicit solutions can be derived 

for the hyperbolic absolute risk aversion class of utility functions, 

which include constant relative risk aversion, constant absolute 

risk aversion, and quadratic utility functions. Under specifications 

of utility and beliefs on income and returns we can solve for the 

optimal consumption and portfolio plan via backward induction.

A basic model of retirement portfolio choice

We now introduce a second form of wealth accumulation in the 

form of retirement assets Mt. Let mt denote the amount of the 

period-t contribution to retirement savings to be allocated between 

the riskless asset and the risky asset. Retirement assets accumulate 

according to Mt+1 = (Mt+mt)[(1+rt)at+(1+zt)(1-at)]; Mt ≥ 0, where at 

is the period-t allocation of retirement assets to the riskless asset. 

To describe the evolution of assets held outside of the retirement 

account we may modify the earlier budget constraint as follows At+1 

= (At+Yt-Ct-mt)[(1+rt)wt+(1+zt)(1-wt)]; At ≥ 0.

If there were no restrictions on retirement savings accounts and no 

tax benefits, as is the case here, then the consumer is indifferent 

between putting a dollar into retirement savings or into regular 

savings. Further, any tax benefits yielding a higher effective rate 

of return on retirement savings would cause the consumer to hold 

all wealth in the retirement account. The combination of restric-
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tions on and tax-preferred treatment of retirement accounts yields 

optimal portfolio choices that are more complicated [Dammon et 

al. (2004)].

To simplify the problem, we begin by placing extreme restrictions 

on preretirement income and savings. First, we assume that retire-

ment is known with certainty to take place in period t<T. For all 

periods t<t, the periodic contribution to retirement assets is fixed 

at mt = m. In period t, the consumer must dissolve the retirement 

account and purchase an annuity, a requirement that has been 

included among proposals for private investment of Social Security. 

Therefore, no further contributions are made; that is, mt = 0 for all 

t≥t. Further, we will assume that the only form of retirement income 

is the annuity income Yt
A, which is assumed to be fixed across time 

and is determine solely by the period-t level of retirement assets Mt 

according to an annuity income function Yt
A(Mt).

With these restrictions we see that the budget constraint in retire-

ment t≥t reverts to the familiar form At+1 = (At+Yt
A(Mt-Ct)[(1+rt)wt 

+ (1+zt)(1-wt)]; At ≥ 0. As before, we may write the Bellman equation 

as Vt(At) = max(Ct,wt
)U(Ct) + bE [Vt+1 (At+1) | Φt] for any t≥t because, 

at time t, the future evolution of retirement assets is fully deter-

mined. In any period t<t, the consumer must choose Ct, ωt, and 

at to maximize expected utility, subject to the constraints Mt+1 = 

(Mt+m)[(1+rt)at + (1+zt)(1-at)]; Mt ≥ 0 and At+1 = (At+Yt-Ct-m) [(1+rt)wt 

+ (1+zt)(1-wt)]; At ≥ 0.

The Bellman equation may be written as Vt(At, Mt) = max(Ct,wt, 

at
)U(Ct) + bE [Vt+1 (At+1, Mt+1)| Φt], for any t<t. Note that we now 

have two state variables, At and Mt, until t=t. In period t, the depen-

dence of the value function on Mt ends because the consumer must 

dissolve the retirement holdings. We may, therefore, write Vt(At) in 

place of Vt(At,Mt) for all t≥t. Before simplifying the model further, 

we note that the existence of both retirement and non-retirement 

portfolios complicates any analysis of retirement portfolios alone. 

We now abstract from these concerns to focus on the central issue 

of retirement portfolio management.

Now suppose that wealth can only be accumulated in the form of 

retirement assets, as modeled above. Thus, we now have just one 

state variable Mt, which evolves according to Mt+1 = (Mt+m)[(1+rt)at 

+ (1+zt)(1-at)]; Mt ≥ 0, for all t<t. In period t, the consumer must dis-

solve the retirement account and purchase an annuity. Income from 

this annuity Yt
A, t≥t, will simply be spent on consumption. That is, 

U(Ct) = U(Yt
A) for all t≥t, and we assume Yt

A(Mt) = Mt/(T-t) for all 

t≥t. Prior to retirement, all income is spent on consumption, but for 

the fixed contribution to the retirement account; therefore, U(Ct) = 

U(Yt-m) for all t<t.

Thus, the only choice variable is at, the share of the retirement 

portfolio held in riskless assets. Suppose utility reflects CARA 

preferences: U(c)=1-e-gc, where g>0 is the coefficient of absolute 

risk aversion. Furthermore, assume that rate of return on the risky 

asset is normally distributed with mean m and variance s2. Given 

these assumptions, the optimal share held in riskless assets j periods 

before retirement is: at-j
* = 1 – [m – rt-j) 

÷ [s2g(m+Mt-j)∏n=1→j-1(rt-n+1)]. 

As long as the expected returns to the risky asset exceed the riskless 

rate the optimal riskless share tends to increase in (a) the degree 

of risk aversion and (b) the riskiness of the risky asset. Further, the 

optimal share in riskless assets will tend to increase over time as 

retirement approaches, as is the case with lifecycle funds.

Simulation specifications
Retirement savings contributions

We develop a tractable approach to the simulations by considering 

only the contributions to the retirement savings account. Mirroring 

the approach taken in Poterba et al. (2006), we make our welfare 

calculations of utility of total wealth held at retirement in period t 

by combining the two forms of wealth. Our simulations will include 

a range of values for non-retirement wealth holdings to assess the 

sensitivity of the results to assumptions on these holdings. Poterba 

et al. find that the welfare implications of investment strategies 

they simulate are very sensitive to these assumptions.

To simulate retirement account contributions, we consider three 

types of households with one worker whose earnings profile is 

based on the level of education — less than high school, some col-

lege, and college degree — simulated based on previous empirical 

findings [Heckman et al. (2003), Hubbard et al. (1995)]. In particu-

lar, we use point estimates in Heckman et al. (2003) to model log 

earnings as follows: 6.8912 + (.1292E) + (.1301X) – (.0023X2), where 

E is years of schooling (11 for less than high school, 14 for those 

with some college, and 16 for college graduates) and X is years of 

work experience after completion of schooling. Log earnings are 

assumed to follow an AR(1) process with autocorrelation coefficient 

r and a mean zero innovation that is normally distributed with 

standard deviation s. From Hubbard et al. (1995), we specify what 

is provided in Figure 1. We consider households who contribute  

9 percent of pretax earnings to the retirement account, as well as 

households who contribute 5 percent. Following much of the litera-

ture, including Poterba et al. (2006), we assume that households 

have preferences that exhibit CRRA. We consider three levels of 

risk aversion: mild risk aversion (g = 1.1), moderate risk aversion  

(g = 2), and strong risk aversion (g = 5).

Retirement savings portfolio management: simulation evidence on 
alternative behavioral strategies

Education level	 s	 r

less than high school	 0.033	 0.955

some college	 0.025	 0.946

college	 0.016	 0.955

Figure 1
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Investment choice sets

We begin with a baseline set of three funds: F1 composed solely of 

Treasury bills, F2 composed solely of long-term government bonds, 

and F3 composed solely of common stock. We also simulate the 

effects of adding two equity funds, F4 and F5, just as the Thrift 

Savings Plan for federal government employees added a small-cap 

(S) fund and an international (I) fund in 2001 to the three previously 

available funds — the short-term nonmarketable Treasury securities 

(G) fund, the bond index (F) fund, and the equity index (C) fund. We 

also simulate the effects of adding funds that are created by blend-

ing the other funds. We add a lifecycle fund (LF), just as the TSP 

added a lifecycle (L) fund in 2005. We also add three lifestyle funds —  

B1 (conservative), B2 (moderate), and B3 (aggressive). Thus, the 

largest choice set includes nine funds, but four of these are linear 

combinations of the other five.

The conservative lifestyle fund holds 40 percent in Treasury bills 

and 15 percent each in funds F2-F5. The moderate lifestyle fund 

allocates equally across all five funds. The aggressive lifestyle fund 

holds no treasury bills and 25 percent each in F2-F5. In each case, 

the ratio of stocks to bonds is 3-to-1, equal to the Canner et al. 

(1997) calculation of the optimal ratio based on historical returns 

from 1926 to 1992, which also form the foundation for our specifi-

cation of stochastic returns as describe below. The selected alloca-

tions to T-bills are calibrated based on holdings in lifestyle funds 

reported by Canner et al.

The lifecycle fund is implemented in line with the simple heuristic 

cited by Canner et al. The proportion in F1 is linearly increasing in 

age while maintaining fixed ratios among F2 – F5. In particular, the 

initial allocation for the lifecycle fund places nothing in Treasury 

bills and 25 percent each in the remaining funds. Each subsequent 

year, an additional percentage point is allocated to T-bills, with 

the remaining balance allocated equally across funds F2 – F5. 

Therefore, the lifecycle fund initially mimics the aggressive lifestyle 

fund. At 45 years of age, the lifecycle fund mimics the moderate 

lifestyle fund, and at 65 years of age the lifecycle fund mimics the 

conservative lifestyle fund. As such, the fund maintains a 3-to-1 

ratio of stocks to bonds.

Stochastic returns
Canner et al. (1997) report descriptive statistics for the historical 

distribution of annual real returns from 1926-1992 for Treasury 

bills, long-term government bonds, and common stock, which we 

use to determine the stochastic returns to F1, F2, and F3 (Figure 2). 

We add two stylized equity funds, F4 and F5, to our simulations 

(Figure 3).

We generate the returns to the three baseline line funds (F1, F2, 

and, F3) from a multivariate normal distribution of returns charac-

terized by the above means, standard deviations, and correlations. 

The additional stock funds (F4 and F5) are generated with higher 

means and variances than the common stock fund, exhibiting 

strong positive correlation with each other and with the common 

stock fund F3. Together, the joint distribution of the returns to the 

five funds is multivariate normal.

Investment strategies
We consider three types of strategies — lifecycle investing, lifestyle 

investing, and simple heuristics. The lifecycle strategy mirrors the 

lifecycle fund in the investment choice set.

We label as lifestyle strategies an approach that follows from the 

findings on optimal portfolio choice by Samuelson (1969) and oth-

ers and simply keeps a fixed portfolio allocation across periods 

until retirement. Note that with CRRA preferences and normally 

distributed returns this approach should be optimal. However, 

rather than letting each individual choose the optimal allocation 

given preferences, we simulate only three allocations, mirroring 

the conservative, medium, and growth funds in the choice set. Thus, 

the behavior of an individual choosing, for example, the conserva-

tive lifestyle strategy is invariant to the expansion of the choice set 

from five to nine funds. When the choice set is reduced from five to 

three funds — F1, F2, and F3 — each lifestyle strategy allocation to F1 

and F2 remains unchanged, whereas the allocation to F3 is tripled, 

thereby maintaining the 3-to-1 ratio of stocks to bonds.

Finally, we simulate two strategies based on the heuristics identi-

fied in the behavioral finance literature. The 1/n decision rule is 

very simple to implement for retirement contributions. Clearly, 

this strategy is sensitive to every change in choice set. We also 

consider a ‘sure bet’ decision rule based on the findings of Iyengar 

and Jiang (2005), whereby an expansion of the choice set leads to 

an increased allocation to the safest fund, F1. With the three base-

Retirement savings portfolio management: simulation evidence on 
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	 Arithmetic	S tandard 
Asset	 mean return	 deviation

Treasury bills (F1)	 0.6	 4.3

Long-term government bonds (F2)	 2.1	 10.1

Common stock (F3)	 9	 20.8

Stylized equity fund (F4)	 10	 23

Stylized equity fund (F5)	 10	 23

Figure 2

	C orrelation matrix

Asset	F 1	F 2	F 3	F 4	F 5

Treasury bills (F1)	 1				  

Long-term government bonds (F2)	 0.63	 1			 

Common stock (F3)	 0.09	 0.23	 1		

Stylized equity fund (F4)	 0.1	 0.2	 0.6	 1	

Stylized equity fund (F5)	 0.1	 0.2	 0.6	 0.6	 1

Figure 3
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line funds, we use the 1/n rule. Then, as the choice set expands, an 

increasing fraction is allocated to the F1 fund and the remainder is 

allocated equally across the other funds, as in Huberman and Jiang 

(2006). In particular, when the choice set includes five funds, the 

sure bet decision rule allocates 40 percent to T-bills and 15 percent 

each to the remaining funds. Note that this allocation is identical 

to the conservative lifestyle fund, B1. When the choice set includes 

nine funds, the sure bet decision rule allocates 60 percent to 

Treasury bills and 5 percent each to the remaining funds.

Results
Wealth accumulation

Figure 4a describes the simulation results for an individual with 11 

years of education (i.e., less than high school diploma) who contrib-

utes 5% of earnings to a retirement account for 40 years, starting 

at age 25. For each investment strategy and choice set, we perform 

10,000 simulations of total retirement wealth accumulation. The 

boxes in the Figure depict the central tendency of the distribution 

of simulated wealth accumulation, where the top of the box is the 

mean and the bottom is the median. The mean always exceeds the 

median because the distribution of cumulative returns is positively 

skewed, whereas yearly returns are symmetric. The vertical lines 

depict the range between the 0.05-quantile and the 0.95-quantile 

of accumulated wealth. 

Figures 4b and 4c describe the distributions of outcomes for an 

individual with (4B) 11 years of education and a 9% contribution 

rate and (4C) 16 years of education and a 5% contribution rate. 

Inspection of these figures reveals that the variation in education 

levels and contribution rates basically leads to rescaling of the 

vertical axes (i.e., the magnitude of wealth accumulation). That is, 

the greater the education or contribution rate, the larger is the 

accumulation. We may, therefore, restrict attention to the first set 

of simulations described in Figure 4A to understand the impact of 

investment strategies and choice sets on retirement wealth accu-

mulation.

Consider first the outcomes with just three investment choices 

— Treasury bills (F1), long-term government bonds (F2), and com-

mon stock (F3). The outcomes for the other strategies can be 

interpreted relative to the outcomes for the conservative, moder-

ate, and aggressive strategies, each of which maintain a 3-to-1 ratio 

of stocks to bonds, with the specific allocations determined by the 

share in T-bills. Not surprisingly, allocating less to T-bills (i.e., more 

aggressive investing) yields a greater central tendency and spread 

of the wealth distribution. More importantly, the greater expected 

returns are not associated with much, if any, increase in the prob-

ability of a low level wealth accumulation. The 0.05-quantile is 

around U.S.$50,000 for each strategy, and is actually highest for 

the aggressive strategy. 

Retirement savings portfolio management: simulation evidence on 
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Figure 4a – Simulations of retirement wealth accumulation:

11 years of education, contribution rate of 5%

Figure 4b – Simulations of retirement wealth accumulation:

11 years of education, contribution rate of 9%

Figure 4c – Simulations of retirement wealth accumulation:

16 years of education, contribution rate of 5%



169

By construction, the 1/n rule and the sure bet strategy yield identi-

cal outcomes with just three funds in the choice set. These strate-

gies are very conservative, yielding lower wealth accumulation 

than the conservative strategy. Moreover, with a one-to-one ratio 

of stocks to bonds, these strategies basically miss out on the upper 

end of the distribution of returns to the conservative strategy with-

out cutting off the lower end. Thus, the (.05-trimmed-) conservative 

distribution stochastically dominates the (0.05-trimmed-) distribu-

tion arising from the 1/n and sure bet strategies.

Recall that the lifecycle strategy begins with an allocation equal to 

that of the aggressive strategy, but reduces the allocation to risky 

assets until it mimics the moderate allocation at age 45 and mimics 

the conservative allocation at age 65. We see that the accumulated 

wealth distribution looks more like a mix of conservative and mod-

erate strategies alone. This outcome arises because aggressive 

investing occurs early on in the lifecycle, when wealth accumulation 

is relatively low, and conservative investing occurs later on when 

accumulated wealth is relatively large. Thus, this strategy is, effec-

tively, a weighted average of the three lifestyle funds where the 

weights are determined by accumulated wealth. While somewhat 

conservative, this strategy seems to outperform the 1/n and sure 

bet strategies.

Now consider the outcomes with 5 choices — F1 to F5. The wealth 

distributions improve somewhat, in the sense of stochastic domi-

nance, for each of the lifestyle strategies. This change arises mostly 

from the additional diversification, as the ratio of stocks to bonds 

and the allocation to T-bills are unchanged from the case of three 

choices. 

We also see a substantial divergence in outcomes between the 1/n 

and the sure bet strategies. The addition of two equity funds causes 

the 1/n investor to allocate a greater share of total wealth to equi-

ties and reduce the allocation to either T-bills or bonds. In fact, 

this strategy now adopts the moderate investment strategy and, 

therefore, the 3-to-1 ratio of stocks to bonds. The sure bet inves-

tor also uses the 3-to-1 ratio but increases the allocation to T-bills. 

Therefore, the 1/n strategy outperforms the sure bet strategy when 

faced with these five choices. Once again, the lifecycle investment 

strategy yields something in between conservative and moderate 

investing. As specified, it therefore generates higher expected 

returns than the sure bet strategy but not the 1/n rule.

Finally, consider the addition of four funds to yield nine choices. 

Recall that each of these funds is a combination of the original 

five. The performance of the three lifestyle strategies and the 

lifecycle strategy are unchanged, because they are simply mixes 

of the five other funds. The performance of the 1/n strategy is 

basically unchanged from the case of five choices, because mix-

ing in the additional four funds does not have much effect on the 

resulting allocation to the original five funds. The central tendency 

of the accumulation based on the sure bet strategy falls markedly, 

however. This outcome arises from the increased allocation to T-

bills, which also causes a substantial decrease in the spread of the 

distribution.

Certainty equivalent wealth accumulation

We evaluate the welfare implications of alternative investment 

strategies and choice sets by comparing certainty equivalent 

wealth (CEW) accumulations under CRRA preferences. We consider 

three values for the coefficient of relative risk aversion — g = 1.1, 2, 

or 5 — and for the amount of wealth held at age 65 outside of the 

retirement account — $0, $100,000, or $250,000. The results are 

presented in Figures A1a and A1b in the appendix. Figure 5a depicts 

the results for an individual with 11 years of education, a 5% contri-

bution rate, and no wealth held outside of the retirement account. 

Figure 5B changes the outside wealth to $100,000. These two 

Retirement savings portfolio management: simulation evidence on 
alternative behavioral strategies

Figure 5a – Simulations of certainty equivalent wealth zccumulation

11 years of education, 5% contribution rate, $0 outside wealth

Figure 5b – Simulations of certainty equivalent wealth accumulation

11 years of education, 5% contribution rate, $100k outside wealth
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figures capture much of the qualitative pattern of results described 

in Figures A1a and A1b for all the strategies, choice sets, education 

levels, and contribution rates. 

With the greatest tolerance for risk (g = 1.1), the pattern of varia-

tion in certainty equivalent wealth most closely resembles that for 

mean wealth presented in Figures 4a, 4b, and 4c. Figure A1b, in 

the Appendix, presents the findings for CEW for any strategy and 

choice set expressed as a fraction of the CEW under aggressive 

investment for the same choice set. With g = 1.1 or 2.0 and outside 

wealth of $0 or $100,000, the ratio always falls short of 0.90. With 

outside wealth of $250,000, the ratio sometimes exceeds 0.90 with 

g = 2.0 and $250,000 in outside wealth and the moderate invest-

ment strategy, the 1/n rule, or lifecycle investing.

The most striking changes occur with no outside wealth and sub-

stantial risk aversion; that is, g = 5.0. Only in this case does moder-

ate or conservative investing tend to outperform aggressive invest-

ing in terms of CEW. In fact, with just three assets in the choice set, 

the lifecycle strategy outperforms all others in these cases. With 

five or nine choices, the 1/n rule and lifecycle investing perform 

similarly, whereas the sure bet strategy lags far behind, especially 

when nine funds are available.

One main lesson seems to be that aggressive investing outper-

forms the other strategies when investors can tolerate variability 

of returns either because they have a low coefficient of relative 

risk aversion or they have considerable wealth held outside of the 

retirement account. Should investors use simple rules of thumb to 

choose investments, then the impact of these strategies on welfare 

depend to a large extent on the choice set they are offered. If larger 

choice sets cause them to undertake more risk (i.e., 1/n rule and 

addition of equity funds), then risk tolerant individuals (i.e., low g 

and high outside wealth) will be made better off. If larger choice 

sets cause them to reduce risk (i.e., sure bet strategy), then the 

increased choice set may make many worse off. In the latter case, 

plan designs that induce lifecycle investing may be desired.

Conclusion
Throughout their working lives, individuals must choose how to allo-

cate income between consumption and savings and how to allocate 

savings among numerous possible asset holdings, including those in 

dedicated retirement accounts. The evolution of these assets prior 

to and throughout the retirement years is an important determi-

nant of financial security and well-being in old age. Yet individuals 

appear to make savings and investment decisions that are not easy 

to explain by conventional economic models. The growth of defined-

contribution pension plans over the past two decades has increased 

the sensitivity of retirement security to variation in the returns of 

selected investments. Proposals for private accounts to replace or 

supplement Social Security benefits would strengthen this trend. 

This heightened sensitivity to financial market outcomes, together 

with findings that individuals tend to exhibit behavioral anomalies 

when it comes to financial decisions and to be poorly informed 

about their pension and Social Security benefits raises concerns 

that an increasingly large portion of the population will reach nor-

mal or desired retirement age without adequate resources.

To address concerns about choices made in personal retirement 

accounts, President Bush’s reform proposal called for automatic 

enrollment in a lifecycle fund at the age of 47, subject to an opt-out 

provision. But would investment in a single lifecycle fund be better 

for all such households, who must have heterogeneous prefer-

ences and wealth? If so, then, in the context of a personal retire-

ment account component of Social Security, why not just have an 

independent agency invest the funds for everyone, perhaps with an 

opt-out provision? The final report of the President’s Commission 

to Strengthen Social Security (2001) offers the following argument 

against such a policy: “Personal accounts allow every investor to 

choose an investment portfolio that is consistent with his or her 

preferences, while central government investment essentially 

forces everyone into a `one size fits all’ portfolio” (page 38). Yet, 

given the apparent impact of default rules, is this not what the 

White House plan proposed to do?

A full assessment of the merits of arguments about this issue 

requires a better understanding of the welfare implications of devi-

ations from optimal behavior. That is the goal of our simulations. 

We find a lifecycle investment strategy to be relatively conservative 

when taken from a lifetime perspective. That is, the most aggres-

sive investing takes place early in life when retirement assets are 

relatively small, whereas investing gets progressively conservative 

as assets build. This strategy contradicts well known prescriptions 

from financial theory. We also find that this strategy may be out-

performed by a simple 1/n rule. In contrast, while it does tend to 

be conservative, lifecycle investing may induce some investors to 

take on more risk than they would otherwise and to invest more 

efficiently than when left to their naïve strategies.

Retirement savings portfolio management: simulation evidence on 
alternative behavioral strategies
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Retirement savings portfolio management: simulation evidence on 
alternative behavioral strategies

11 years of education

 	  $0 in outside wealth	 $100K in outside wealth	 $250K in outside wealth

 	  5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate

Strategy	 Choices	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0

1/n	 3	 84.4	 79.3	 65.0	 152.1	 142.8	 116.3	 187.8	 185.4	 178.4	 256.8	 251.0	 235.1	 339.2	 337.7	 333.4	 409.4	 405.6	 394.6

1/n	 5	 141.1	 123.9	 81.5	 251.1	 221.8	 149.5	 250.4	 240.0	 214.5	 362.1	 341.0	 290.5	 405.5	 398.3	 379.7	 520.1	 504.2	 464.9

1/n	 9	 140.2	 123.4	 81.8	 249.5	 220.8	 150.0	 249.2	 239.1	 214.2	 360.2	 339.7	 290.2	 404.2	 397.2	 379.1	 518.0	 502.6	 464.2

Sure bet	 3	 84.4	 79.3	 65.0	 152.1	 142.8	 116.3	 187.8	 185.4	 178.4	 256.8	 251.0	 235.1	 339.2	 337.7	 333.4	 409.4	 405.6	 394.6

Sure bet	 5	 106.2	 98.3	 76.4	 189.4	 176.0	 138.8	 211.0	 206.8	 195.2	 295.3	 286.4	 262.3	 363.2	 360.6	 353.0	 449.1	 442.9	 425.6

Sure bet	 9	 74.3	 71.8	 63.8	 133.1	 128.7	 115.2	 176.1	 175.0	 171.6	 235.4	 232.9	 225.2	 326.8	 326.2	 324.2	 386.6	 385.0	 380.1

Conservative	 3	 96.9	 89.2	 68.4	 174.8	 160.6	 122.4	 201.8	 197.8	 187.1	 281.3	 272.2	 248.0	 354.0	 351.5	 344.4	 435.4	 429.0	 411.6

Conservative	 5 or 9	 106.2	 98.3	 76.4	 189.4	 176.0	 138.8	 211.0	 206.8	 195.2	 295.3	 286.4	 262.3	 363.2	 360.6	 353.0	 449.1	 442.9	 425.6

Moderate	 3	 123.7	 107.5	 68.5	 223.6	 193.6	 122.7	 233.3	 223.7	 201.0	 335.9	 314.9	 266.7	 388.2	 381.6	 365.0	 494.4	 478.6	 440.8

Moderate	 5 or 9	 141.1	 123.9	 81.5	 251.1	 221.8	 149.5	 250.4	 240.0	 214.5	 362.1	 341.0	 290.5	 405.5	 398.3	 379.7	 520.1	 504.2	 464.9

Aggressive	 3	 155.5	 124.8	 62.7	 281.5	 225.0	 112.6	 271.8	 251.9	 211.8	 402.0	 360.0	 278.6	 431.4	 416.5	 384.1	 567.5	 534.0	 465.0

Aggressive	 5 or 9	 185.5	 151.6	 80.4	 329.3	 271.6	 149.9	 301.4	 278.8	 231.4	 447.7	 403.8	 312.8	 461.5	 444.6	 406.5	 612.5	 577.3	 501.7

Life cycle	 3	 117.4	 104.1	 72.0	 211.7	 187.4	 128.9	 225.3	 217.6	 198.8	 321.9	 305.0	 265.0	 379.3	 374.1	 360.7	 478.9	 466.4	 435.5

Life cycle	 5 or 9	 132.5	 118.5	 83.3	 236.1	 212.3	 152.3	 240.3	 231.9	 211.0	 345.3	 328.4	 286.6	 394.4	 388.8	 373.8	 502.0	 489.4	 457.3

14 years of education

 	  $0 in outside wealth	 $100K in outside wealth	 $250K in outside wealth

 	  5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate

Strategy	 Choices	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0

1/n	 3	 116.0	 109.6	 90.9	 209.3	 197.8	 164.7	 219.6	 216.1	 206.1	 314.0	 306.1	 284.1	 371.4	 369.2	 362.7	 467.2	 461.7	 445.8

1/n	 5	 189.2	 168.3	 116.4	 339.6	 302.7	 212.3	 298.5	 284.6	 250.6	 450.6	 422.2	 353.6	 454.6	 444.6	 418.9	 609.8	 587.5	 532.4

1/n	 9	 187.9	 167.5	 116.8	 337.2	 301.3	 212.8	 297.0	 283.5	 250.2	 448.0	 420.3	 353.3	 452.9	 443.2	 418.2	 607.0	 585.3	 531.5

Sure bet	 3	 116.0	 109.6	 90.9	 209.3	 197.8	 164.7	 219.6	 216.1	 206.1	 314.0	 306.1	 284.1	 371.4	 369.2	 362.7	 467.2	 461.7	 445.8

Sure bet	 5	 144.3	 134.8	 108.0	 259.4	 242.5	 196.1	 249.2	 243.5	 227.6	 365.3	 353.1	 319.7	 402.0	 398.2	 387.3	 519.9	 510.8	 485.7

Sure bet	 9	 103.1	 100.0	 90.4	 185.5	 179.9	 163.2	 204.9	 203.4	 198.5	 287.9	 284.3	 273.3	 355.8	 354.8	 351.9	 439.4	 437.0	 429.5

Conservative	 3	 132.0	 122.5	 95.2	 238.5	 221.0	 173.7	 237.2	 231.7	 216.4	 345.1	 332.6	 299.6	 390.0	 386.3	 375.9	 499.8	 490.8	 466.0

Conservative	 5 or 9	 144.3	 134.8	 108.0	 259.4	 242.5	 196.1	 249.2	 243.5	 227.6	 365.3	 353.1	 319.7	 402.0	 398.2	 387.3	 519.9	 510.8	 485.7

Moderate	 3	 166.4	 146.2	 93.8	 301.1	 264.2	 177.5	 276.3	 263.3	 232.2	 413.3	 385.5	 320.8	 432.2	 423.0	 399.7	 573.0	 551.4	 499.4

Moderate	 5 or 9	 189.2	 168.3	 116.4	 339.6	 302.7	 212.3	 298.5	 284.6	 250.6	 450.6	 422.2	 353.6	 454.6	 444.6	 418.9	 609.8	 587.5	 532.4

Aggressive	 3	 206.7	 168.8	 82.8	 374.9	 305.6	 169.3	 323.5	 297.3	 243.5	 495.3	 440.6	 333.0	 484.6	 464.6	 420.7	 662.5	 617.8	 525.4

Aggressive	 5 or 9	 245.7	 204.8	 117.5	 440.5	 368.3	 214.9	 361.7	 332.2	 270.0	 558.9	 500.7	 379.2	 523.3	 500.5	 449.6	 725.5	 677.5	 574.2

Life cycle	 3	 157.5	 141.4	 99.7	 284.8	 255.3	 183.8	 265.6	 255.3	 230.0	 394.9	 372.7	 319.5	 420.4	 413.2	 394.6	 552.8	 535.8	 493.5

Life cycle	 5 or 9	 177.3	 160.7	 118.3	 318.3	 288.8	 214.8	 285.0	 274.1	 246.5	 427.5	 404.9	 348.9	 439.9	 432.2	 411.8	 585.1	 567.6	 523.0

16 years of education

 	  $0 in outside wealth	 $100K in outside wealth	 $250K in outside wealth

 	  5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate

Strategy	C hoices	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0

1/n	 3	 142.8	 135.6	 114.5	 256.4	 243.5	 206.2	 246.6	 242.2	 229.8	 360.9	 351.6	 325.2	 398.6	 395.8	 387.4	 514.3	 507.6	 488.1

1/n	 5	 226.0	 202.9	 142.6	 409.2	 367.6	 264.7	 335.1	 319.0	 279.0	 520.0	 486.6	 405.5	 491.6	 479.6	 449.2	 679.7	 652.9	 586.4

1/n	 9	 224.4	 201.9	 143.1	 406.3	 365.8	 265.2	 333.3	 317.6	 278.6	 516.8	 484.3	 405.1	 489.6	 478.0	 448.3	 676.3	 650.2	 585.4

Sure bet	 3	 142.8	 135.6	 114.5	 256.4	 243.5	 206.2	 246.6	 242.2	 229.8	 360.9	 351.6	 325.2	 398.6	 395.8	 387.4	 514.3	 507.6	 488.1

Sure bet	 5	 174.3	 163.8	 133.4	 315.4	 296.3	 243.2	 279.2	 272.4	 253.5	 421.2	 406.7	 366.8	 432.2	 427.5	 414.2	 576.1	 565.0	 534.2

Sure bet	 9	 126.4	 122.9	 112.2	 228.3	 222.1	 202.8	 228.3	 226.3	 220.3	 330.7	 326.3	 313.0	 379.2	 378.0	 374.2	 482.4	 479.3	 469.9

Conservative	 3	 162.1	 151.0	 120.6	 290.6	 271.0	 217.0	 267.4	 260.4	 241.4	 396.9	 382.4	 342.8	 420.6	 415.8	 402.5	 552.0	 541.1	 510.9

Conservative	 5 or 9	 174.3	 163.8	 133.4	 315.4	 296.3	 243.2	 279.2	 272.4	 253.5	 421.2	 406.7	 366.8	 432.2	 427.5	 414.2	 576.1	 565.0	 534.2

Moderate	 3	 202.9	 179.4	 122.9	 363.6	 322.0	 221.7	 313.0	 296.9	 258.7	 475.5	 443.0	 365.8	 469.8	 458.0	 428.6	 635.6	 609.9	 547.1

Moderate	 5 or 9	 226.0	 202.9	 142.6	 409.2	 367.6	 264.7	 335.1	 319.0	 279.0	 520.0	 486.6	 405.5	 491.6	 479.6	 449.2	 679.7	 652.9	 586.4

Aggressive	 3	 250.6	 206.7	 116.3	 449.2	 371.0	 211.2	 367.8	 335.6	 270.3	 569.0	 505.6	 377.6	 530.3	 505.1	 450.9	 736.9	 684.3	 574.2

Aggressive	 5 or 9	 290.6	 245.5	 141.0	 526.8	 445.5	 270.5	 406.1	 372.4	 300.1	 644.8	 577.0	 434.4	 568.2	 541.7	 482.5	 811.9	 755.1	 632.1

Life cycle	 3	 191.6	 173.2	 127.5	 343.1	 310.5	 229.5	 299.8	 287.3	 256.4	 452.7	 427.4	 365.0	 455.2	 446.2	 422.9	 610.9	 591.0	 540.8

Life cycle	 5 or 9	 211.4	 193.2	 145.3	 382.7	 349.8	 266.3	 318.9	 306.3	 274.3	 491.6	 465.4	 399.7	 474.1	 464.9	 440.9	 649.4	 628.6	 575.4

Table A1a – Simulations of certainty equivalent wealth accumulation (expressed in $1000s)
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11 years of education

 	  $0 in outside wealth	 $100K in outside wealth	 $250K in outside wealth

 	  5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate

Strategy	C hoices	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0

1/n	 3	 0.54	 0.64	 1.04	 0.54	 0.63	 1.03	 0.69	 0.74	 0.84	 0.64	 0.70	 0.84	 0.79	 0.81	 0.87	 0.72	 0.76	 0.85

1/n	 5	 0.76	 0.82	 1.01	 0.76	 0.82	 1.00	 0.83	 0.86	 0.93	 0.81	 0.84	 0.93	 0.88	 0.90	 0.93	 0.85	 0.87	 0.93

1/n	 9	 0.76	 0.81	 1.02	 0.76	 0.81	 1.00	 0.83	 0.86	 0.93	 0.80	 0.84	 0.93	 0.88	 0.89	 0.93	 0.85	 0.87	 0.93

Sure bet	 3	 0.54	 0.64	 1.04	 0.54	 0.63	 1.03	 0.69	 0.74	 0.84	 0.64	 0.70	 0.84	 0.79	 0.81	 0.87	 0.72	 0.76	 0.85

Sure bet	 5	 0.57	 0.65	 0.95	 0.58	 0.65	 0.93	 0.70	 0.74	 0.84	 0.66	 0.71	 0.84	 0.79	 0.81	 0.87	 0.73	 0.77	 0.85

Sure bet	 9	 0.40	 0.47	 0.79	 0.40	 0.47	 0.77	 0.58	 0.63	 0.74	 0.53	 0.58	 0.72	 0.71	 0.73	 0.80	 0.63	 0.67	 0.76

Conservative	 3	 0.62	 0.71	 1.09	 0.62	 0.71	 1.09	 0.74	 0.79	 0.88	 0.70	 0.76	 0.89	 0.82	 0.84	 0.90	 0.77	 0.80	 0.89

Conservative	 5 or 9	 0.57	 0.65	 0.95	 0.58	 0.65	 0.93	 0.70	 0.74	 0.84	 0.66	 0.71	 0.84	 0.79	 0.81	 0.87	 0.73	 0.77	 0.85

Moderate	 3	 0.80	 0.86	 1.09	 0.79	 0.86	 1.09	 0.86	 0.89	 0.95	 0.84	 0.87	 0.96	 0.90	 0.92	 0.95	 0.87	 0.90	 0.95

Moderate	 5 or 9	 0.76	 0.82	 1.01	 0.76	 0.82	 1.00	 0.83	 0.86	 0.93	 0.81	 0.84	 0.93	 0.88	 0.90	 0.93	 0.85	 0.87	 0.93

Aggressive	 3	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00

Aggressive	 5 or 9	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00

Life cycle	 3	 0.75	 0.83	 1.15	 0.75	 0.83	 1.14	 0.83	 0.86	 0.94	 0.80	 0.85	 0.95	 0.88	 0.90	 0.94	 0.84	 0.87	 0.94

Life cycle	 5 or 9	 0.71	 0.78	 1.04	 0.72	 0.78	 1.02	 0.80	 0.83	 0.91	 0.77	 0.81	 0.92	 0.85	 0.87	 0.92	 0.82	 0.85	 0.91

14 Years of Education

 	  $0 in outside wealth	 $100K in outside wealth	 $250K in outside wealth

 	  5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate

Strategy	C hoices	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0

1/n	 3	 0.56	 0.65	 1.10	 0.56	 0.65	 0.97	 0.68	 0.73	 0.85	 0.63	 0.69	 0.85	 0.77	 0.79	 0.86	 0.71	 0.75	 0.85

1/n	 5	 0.77	 0.82	 0.99	 0.77	 0.82	 0.99	 0.83	 0.86	 0.93	 0.81	 0.84	 0.93	 0.87	 0.89	 0.93	 0.84	 0.87	 0.93

1/n	 9	 0.76	 0.82	 0.99	 0.77	 0.82	 0.99	 0.82	 0.85	 0.93	 0.80	 0.84	 0.93	 0.87	 0.89	 0.93	 0.84	 0.86	 0.93

Sure bet	 3	 0.56	 0.65	 1.10	 0.56	 0.65	 0.97	 0.68	 0.73	 0.85	 0.63	 0.69	 0.85	 0.77	 0.79	 0.86	 0.71	 0.75	 0.85

Sure bet	 5	 0.59	 0.66	 0.92	 0.59	 0.66	 0.91	 0.69	 0.73	 0.84	 0.65	 0.71	 0.84	 0.77	 0.80	 0.86	 0.72	 0.75	 0.85

Sure bet	 9	 0.42	 0.49	 0.77	 0.42	 0.49	 0.76	 0.57	 0.61	 0.74	 0.52	 0.57	 0.72	 0.68	 0.71	 0.78	 0.61	 0.65	 0.75

Conservative	 3	 0.64	 0.73	 1.15	 0.64	 0.72	 1.03	 0.73	 0.78	 0.89	 0.70	 0.75	 0.90	 0.80	 0.83	 0.89	 0.75	 0.79	 0.89

Conservative	 5 or 9	 0.59	 0.66	 0.92	 0.59	 0.66	 0.91	 0.69	 0.73	 0.84	 0.65	 0.71	 0.84	 0.77	 0.80	 0.86	 0.72	 0.75	 0.85

Moderate	 3	 0.80	 0.87	 1.13	 0.80	 0.86	 1.05	 0.85	 0.89	 0.95	 0.83	 0.87	 0.96	 0.89	 0.91	 0.95	 0.86	 0.89	 0.95

Moderate	 5 or 9	 0.77	 0.82	 0.99	 0.77	 0.82	 0.99	 0.83	 0.86	 0.93	 0.81	 0.84	 0.93	 0.87	 0.89	 0.93	 0.84	 0.87	 0.93

Aggressive	 3	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00

Aggressive	 5 or 9	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00

Life cycle	 3	 0.76	 0.84	 1.20	 0.76	 0.84	 1.09	 0.82	 0.86	 0.94	 0.80	 0.85	 0.96	 0.87	 0.89	 0.94	 0.83	 0.87	 0.94

Life cycle	 5 or 9	 0.72	 0.78	 1.01	 0.72	 0.78	 1.00	 0.79	 0.82	 0.91	 0.76	 0.81	 0.92	 0.84	 0.86	 0.92	 0.81	 0.84	 0.91

16 years of education

 	  $0 in outside wealth	 $100K in outside wealth	 $250K in outside wealth

 	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate	 5% contribution rate	 9% contribution rate

Strategy	C hoices	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0	 g=1.1	 g=2.0	 g=5.0

1/n	 3	 0.57	 0.66	 0.98	 0.57	 0.66	 0.98	 0.67	 0.72	 0.85	 0.63	 0.70	 0.86	 0.75	 0.78	 0.86	 0.70	 0.74	 0.85

1/n	 5	 0.78	 0.83	 1.01	 0.78	 0.83	 0.98	 0.83	 0.86	 0.93	 0.81	 0.84	 0.93	 0.87	 0.89	 0.93	 0.84	 0.86	 0.93

1/n	 9	 0.77	 0.82	 1.02	 0.77	 0.82	 0.98	 0.82	 0.85	 0.93	 0.80	 0.84	 0.93	 0.86	 0.88	 0.93	 0.83	 0.86	 0.93

Sure bet	 3	 0.57	 0.66	 0.98	 0.57	 0.66	 0.98	 0.67	 0.72	 0.85	 0.63	 0.70	 0.86	 0.75	 0.78	 0.86	 0.70	 0.74	 0.85

Sure bet	 5	 0.60	 0.67	 0.95	 0.60	 0.66	 0.90	 0.69	 0.73	 0.84	 0.65	 0.70	 0.84	 0.76	 0.79	 0.86	 0.71	 0.75	 0.85

Sure bet	 9	 0.43	 0.50	 0.80	 0.43	 0.50	 0.75	 0.56	 0.61	 0.73	 0.51	 0.57	 0.72	 0.67	 0.70	 0.78	 0.59	 0.63	 0.74

Conservative	 3	 0.65	 0.73	 1.04	 0.65	 0.73	 1.03	 0.73	 0.78	 0.89	 0.70	 0.76	 0.91	 0.79	 0.82	 0.89	 0.75	 0.79	 0.89

Conservative	 5 or 9	 0.60	 0.67	 0.95	 0.60	 0.66	 0.90	 0.69	 0.73	 0.84	 0.65	 0.70	 0.84	 0.76	 0.79	 0.86	 0.71	 0.75	 0.85

Moderate	 3	 0.81	 0.87	 1.06	 0.81	 0.87	 1.05	 0.85	 0.88	 0.96	 0.84	 0.88	 0.97	 0.89	 0.91	 0.95	 0.86	 0.89	 0.95

Moderate	 5 or 9	 0.78	 0.83	 1.01	 0.78	 0.83	 0.98	 0.83	 0.86	 0.93	 0.81	 0.84	 0.93	 0.87	 0.89	 0.93	 0.84	 0.86	 0.93

Aggressive	 3	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00

Aggressive	 5 or 9	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00	 1.00

Life cycle	 3	 0.76	 0.84	 1.10	 0.76	 0.84	 1.09	 0.82	 0.86	 0.95	 0.80	 0.85	 0.97	 0.86	 0.88	 0.94	 0.83	 0.86	 0.94

Life cycle	 5 or 9	 0.73	 0.79	 1.03	 0.73	 0.79	 0.98	 0.79	 0.82	 0.91	 0.76	 0.81	 0.92	 0.83	 0.86	 0.91	 0.80	 0.83	 0.91

Figure A1c – Simulations of certainty equivalent wealth accumulation (expressed as a fraction of certainty equivalent wealth under aggressive investment strategy)




