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Target-date funds have exploded in popularity over the past two decades, becoming a corner-

stone of 401(k)s and other retirement plans.1 As their name suggests, target-date funds use their

investor’s target retirement expectation to allocate portfolio risks. While simplifying choices,

this approach can be sub-optimal for investors, especially if they do not accurately predict their

future labor participation. Errors in retirement expectations lead to asset allocation mistakes,

which, compounded over decades, may result in significant welfare losses.

This paper puts forward the hypothesis that individuals make errors when forming expec-

tations about their future retirement date, which will have important implications on their eco-

nomic decisions. The recent household finance literature has studied the determinants and effects

of household expectations on economic decisions and the economy, (Cocco, Gomes, and Lopes,

2019; Giglio, Maggiori, Stroebel, and Utkus, 2019; Heimer, Myrseth, and Schoenle, 2019; Landier,

Ma, and Thesmar, 2019).2 However, to this point, we know less about the accuracy of retirement

forecasts, the costs of errors, and whether these errors lead to financial shortfalls in retirement.

This paper studies this hypothesis by investigating if, and how, individuals systematically

underestimate their future labor supply and then estimates the economic costs of these errors

for investors in target-date funds. We use the Health and Retirement Study (HRS) and exploit

its long follow-up period, nearly three decades, to compare respondents’ retirement expectations

against their ultimate retirement decision. We first present new stylized facts that respondents

systematically underestimate their long-run labor participation. We use these insights to build

and solve a novel life-cycle model that incorporates uncertainty in health and an irreversible

retirement choice to characterize and measure the economic cost associated with errors in expec-

tations. Calibrating the model with survey data, we estimate the cost of biases cost the median

respondent over $16,525 in retirement wealth, or 4% of lifetime wealth. Relating this to fees born

by investors, the loss is equivalent to approximately 30% of the average annual management

fees charged by target-date funds. We next study the heterogeneity of errors, we document new

cross-sectional relationships showing that black, and female respondents make disproportion-

ately large errors, suggested of greater welfare losses. We conclude by interpreting these results

1Target-date funds manage $1.6 trillion, up from only $8 billion in 2000.
2A partial list of recent papers studying household expectations include Amromin and Sharpe (2014); Bottan and

Perez-Truglia (2020); Cocco, Gomes, and Lopes (2017); D’Acunto (2018); D’Acunto, Malmendier, and Weber (2020);
Heimer, Myrseth, and Schoenle (2019); Kuchler and Zafar (2019). See Gomes, Haliassos, and Ramadorai (2021) for a
survey of recent developments in household finance.
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discussing possible implications.

This paper investigates the accuracy of retirement expectations and cost of errors using the

Health and Retirement Study. Specifically, we exploit the long follow-up period of the Health

and Retirement Study (HRS) to compare retirement expectations made early in the survey to

actual retirement decisions made in later waves. The survey was administered biennially in

the United States from 1992 through the 2018 wave and covers over 40,000 respondents. As its

name suggests, it follows respondents and collects information related to both their health and

retirement, among other socioeconomic data. Important to this study, the survey collects a panel

of retirement expectations of individuals as well as their actual labor participation. Using these

two pieces of data, we can compare expectations of retirement against realizations and compute

errors for respondents.

We first present important stylized facts that respondents tend to underestimate their future

labor supply. Carefully constructing the study’s data, we use responses in the early part of the

survey and compare them against the choices of respondents later in life. Looking ahead in

the data, we show that respondents’, on average, underestimate their retirement by 1.2 years.

However, when considering long-run retirement estimates, these expectations fall short by 4.8

years, on average. Sorting expectations based on the time to actual retirement dates, we find

the precision and accuracy of estimates improve as respondents approach their actual retirement

date, suggestive that they are updating, but too slowly. Interestingly, we find that respondents

tend to overestimate their labor participation near their true retirement dates. That is, near

their actual retirement, they expect to work much longer than they do, likely from unexpected

background shocks that nudge them into retirement.

Guided by these insights, we build and solve a novel life-cycle model to measure the cost of

biased retirement expectations. In our model, agents face uncertainty about their future health

and ultimate mortality. This uncertainty gives rise to the tension in our model: the agent is

concerned about retiring prematurely because that means forgoing future labor income, which

would be valuable if the person lives longer. In contrast, if someone waits too long to retire, that

person may experience retirement in poor health. This problem is set against the backdrop of the

agent’s beliefs about financial markets, personal health, and labor earning dynamics. Solving this

model, we characterize the optimal consumption, bequest, investment, and retirement policy.
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We next set out to calibrating our model with survey data to estimate the costs of biases in

retirement expectations. Motivated by Heimer, Myrseth, and Schoenle (2019), and based on our

empirical analysis, we focus on subjective beliefs about health dynamics, specifically, that agents

have too low beliefs of average time until health status where retirement is mandatory. From this,

we first calibrate the model for an individual who acts on objective beliefs to uncover objective

beliefs about health dynamics by matching the model-implied optimal investment policy to the

typical glide-path prescribed by the target-date fund industry. Then subjective beliefs about the

health process are recovered by calibrating the model again for an individual with subjective

beliefs. We match model-implied biases in expected time-to-retirement to the difference between

actual and self-reported retirement expectations observed in the survey.

These costs of biased expectations arise both directly and indirectly. The direct costs come

from implementing the wrong portfolio policy, resulting in lower expected future wealth. The

indirect costs come from agents implementing incorrect savings and consumption choices. While

these results do not capture all costs, we view this estimate as an underestimation, especially

given the recent literature documenting the link between financial wealth and health.3

We interpret the costs of biased error expectations through the lens of the median investor in

our model. Assuming that the initial real earning is $40,000 per year, the average wealth at re-

tirement is $444,830 and $428,305 for objective and subjective beliefs, respectively. The difference

is $16,525, which is 4% of the retirement wealth of subjective beliefs. A second way to present

these results, we back out the equivalent annual fees an investor would be willing to pay to avoid

errors in retirement expectations. Simulations of our model suggest that the mistakes are equal to

0.2% a year. To put this into context, this is equal to roughly 30% of the annual management fees

charged by target-date funds.4 Importantly, these equivalent fees are larger for investors who

are younger and healthy, as the errors in expectations compound over time, leading to worse

financial outcomes.

We use panel regressions to uncover the important cross-sectional heterogeneity between

socioeconomic characteristics and errors in retirement expectations. We highlight that socioeco-

nomic factors, such as wealth, labor earnings, age, and health of respondents all relate to errors

3See Ameriks, Caplin, Laufer, and Van Nieuwerburgh (2011); De Nardi, French, and Jones (2010); Gupta, Morrison,
Fedorenko, and Ramsey (2018); Koijen and Van Nieuwerburgh (2019); Sachdeva (2020).

4In 2020, the median expense ratio for target-date funds is 0.65%, while the simple average is 0.72%.
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in expectations. Within estimates of respondents suggest that an increase in their health status,

real labor earnings, and real wealth strongly relate to errors in retirement estimates. We satu-

rate our estimates to rule out cohort effects, time trends, regional differences and time-invariant

characteristics of respondents.

There are important caveats to our analysis. First, our research does not suggest that target-

date funds are necessarily deceptive or badly designed. In fact, they have greatly simplified the

choices of household investors and have increased the market participation rate of middle income

investors, (Mitchell and Utkus, 2021). Second, this paper does not assess the appropriateness of

the glide-paths prescribed by most target-date funds, as it is difficult to assess the quality of their

assumptions without assessing the underlying model. Lastly, a potential concern is that investors

in target-date funds may differ from the respondents to the HRS survey in a specific way that

would invalidate our analysis. However, we find this unlikely, especially as characteristics that

are likely associated with investors in target-date funds — those with lower cognitive ability and

lower risk aversion — do not relate to biases in retirement expectations.

Our paper contributes to the literature by documenting how respondents underestimate their

long-run labor participation and how these biases affect their portfolio choices. It is well under-

stood that behavioral biases shape economic choices (Ben-David, Graham, and Harvey, 2013; Puri

and Robinson, 2007). Recent empirical research has used surveys to document that households

have biased subjective expectations (Heimer, Myrseth, and Schoenle, 2019; Landier, Ma, and

Thesmar, 2019), which can affect investment choices (Bottan and Perez-Truglia, 2020), are extrap-

olative from personal experiences (Kuchler and Zafar, 2019), can sort on gender (D’Acunto, Mal-

mendier, and Weber, 2020), and are reflected in financial portfolios (Giglio, Maggiori, Stroebel,

and Utkus, 2019). However, to this point, our hypothesis that individuals underestimate their

future retirement has not been studied. This paper investigates this hypothesis by evaluating

both the precision of retirement expectations using survey data and estimates the costs errors

have on economic choices.

Our calibration also contributes to the literature by estimating the cost of biased expectations

for investors in target-date funds. Recent empirical studies have shown the broad based ben-

efits of target-date funds (Mitchell and Utkus, 2021). Other papers have considered the choice

of managers of target-date funds to exploit investors’ inattentiveness (Massa, Moussawi, and Si-
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monov, 2020) and pursue strategic risk-taking (Balduzzi and Reuter, 2019). More recent research

has also studied the effects on stock market dynamics (Parker, Schoar, and Sun, 2020). Impor-

tantly, our paper provides an estimate of the costs associated with a fundamental assumption

that target-date funds make as well as the associated welfare costs.

Our model also contributes to the life-cycle literature studying the costs of frictions in fi-

nancial markets on households. A mature literature uses portfolio-theoretic models to address

questions of retirement financial security (Dybvig and Liu, 2010; Farhi and Panageas, 2007).5

More recently, studies have considered frictions in financial markets and the costs they impose

on households. Yogo (2016) considers a life-cycle model of health expenditure and portfolio

choice with health risk to explain key facts about asset allocation across bonds, stocks, and hous-

ing. Relatedly, Koijen, Van Nieuwerburgh, and Yogo (2016) study the welfare cost of market

incompleteness and suboptimal choice between health and life insurance through developing a

life-cycle model of insurance choice.6 We build on these papers by building a life-cycle model

of retirement with health, labor, and portfolio choice. Further, our calibrations provide new

estimates of the welfare costs associated with biased retirement expectations.

1 Evidence of Errors in Retirement Expectations

1.1 Data from the Health and Retirement Study

This study relies on the Health and Retirement Study (HRS).7 This longitudinal survey follows

respondents who are at least 50 years old and their spouses. It was conducted in biennial waves

between 1992 and 2018. Our baseline analysis uses the imputed data from the RAND HRS file

while also using the modules on consumption, wealth, health, and labor. We deflate nominal

values to real terms using data from FRED.8 A summary of the data used in the study can be

found in Table 1.
5See Campbell (2006); Campbell and Viceira (2002); Cocco, Gomes, and Maenhout (2005); Merton (1971, 1969).

A partial list includes studies that consider the effect of labor supply Bodie, Merton, and Samuelson (1992); Gomes,
Kotlikoff, and Viceira (2008); Polkovnichenko (2007); Viceira (2001).

6In related research, Ameriks, Caplin, Laufer, and Van Nieuwerburgh (2011) studies retirees and their precaution-
ary savings motives to avoid Medicaid.

7The Health and Retirement Study data is sponsored by the National Institute on Aging (grant number
U01AG009740) and is conducted by the University of Michigan.

8See https://fred.stlouisfed.org/series/CPIAUCSL.
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We study biases in expectations by comparing retirement expectations formed early in the

survey against actual retirement decisions that occur later. Important to this study, the survey col-

lects a panel of retirement expectations of individuals as well as their future labor participation.

Using these two pieces of data, we compare expectations about retirement against realizations

and compute any errors for each individual over time.

In the employment section of the survey, respondents are asked about their retirement plans.

The question wording is almost the same across all waves, and, based on this response, the HRS

RAND data file imputes the responses. From this, we observe a respondent’s future expected re-

tirement date from that person’s response in each survey wave as well as the ultimate retirement

event.

1.2 Measuring Biases in Retirement Expectation

We measure the accuracy of subjective expectations by taking the difference between the respon-

dent’s actual time until retirement against that person’s expected time until retirement. We define

the error in expectations as:

Errorit = Actualit − Expectedit, (1)

where i represents the respondent while t represents the year of the survey response. A

positive value of Errorit, corresponds to the respondent underestimating future labor participa-

tion. That is, a positive value means that the respondent worked longer than he or she originally

expected to.

As a second approach, we also compute the relative bias in retirement expectations. This is

to address concerns that errors are mechanically larger for long-run estimates. We define the

relative error as:

RelativeErrorit =
Actualit − Expectedit

Expectedit
. (2)

The RelativeErrorit captures the underestimation of the respondent in a given survey. Zero

relative error corresponds to accurate estimates. Positive ratios indicate a respondent worked

longer than the stated expectation.
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1.3 Sample Construction, Exploiting Look Ahead of Data

Our chief empirical concern when measuring the errors in retirement events is right censoring

— the event of interest in this study, retirement, is not always observed by the end of the study

period for the entire sample.9 To fix ideas, consider a survey response provided four years ago,

in which a respondent expects to retire in 10 years. If the respondent has not retired by the most

recent survey, we cannot say anything about the sign of the error. As a result, using the entire

sample of retirement expectations will mechanically lead to systematically smaller and likely

negative errors in expectations.

We address these concerns by taking a conservative approach when measuring errors in ex-

pectations. Specifically, we limit retirement expectations to be drawn from 1992-2002 survey

waves. This allows for at least 16 years to pass since the most recent survey wave, which allows

ample time to observe a retirement event. Further, we make conservative assumptions for re-

spondents who have not retired by the end of the study. Specifically, we assume that they will

retire prior to the next wave, rather than continuing to work – resulting in a downward biased

estimate of errors.

1.4 Underestimation of Labor Participation

We first present graphical evidence that respondents underestimate their labor participation.

Plotting the error in expectations, we find that respondents who are 50 years and older under-

estimate their future labor participation by 1.8 years. Plotting our study’s sample, Panel A of

Figure 2 presents a histogram of the error in estimates, where the horizontal axis plots the size

of the bias, and the vertical axis corresponds to the percentage of the sample. This error is sta-

tistically large, as we can reject the null of zero bias with a t-statistic of 35.7. Putting this in the

context of the sample average time until retirement, the error amounts to a 23% underestimation.

We next consider the ability of respondents to predict their long-run labor participation.

Understanding this is especially important for investors in target-date funds, as this directly

9To be precise about the empirical challenge, consider Figure IA1, which illustrates the issue of right censoring.
Panel A shows the case in which the retirement period is observed, ∆tA

2 . Depending on the subjective retirement
expectation, it is clear whether the respondent outworked the expectation. In contrast, Panel B shows the alternative
case: an individual working through the end of the study, with the retirement period of ∆tB

3 going unobserved. Again,
conditional on subjective retirement expectations, an unobserved retirement event does not necessarily imply that a
respondent worked less or more than expected.
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corresponds to their decision problem. We study this question by splitting our sample based

on the median retirement estimate. For this subsample, we find that respondents underestimate

their time until retirement by 4.8 years. Graphically, we can see this in Panel B of Figure 2.

Again these are both economically and statistically significant. In contrast, we find that short-run

estimates are much more accurate, with respondents overestimating by 1.2 years.

Importantly, we point out that these biases are not driven mechanically by long-term fore-

cast, as we allow for a longer follow-up period. Instead, they are likely a lower bound, as our

estimates assume respondents retirement following the last interview wave. Further, we use

2018 as a pseudo-event of retirement for the remaining unobserved retired sample.10 This pro-

duces a downward estimate of Errors, biasing us against finding systematic underestimation of

retirement expectations.

Do respondents learn about their future retirement decisions? We study patterns of learning

by sorting errors based on the respondent’s time until actual retirement and calculating the mean

error in estimates. Figure 3 plots the average error approaching retirement, with the horizontal

axis corresponding to the time until the respondent ultimately retires and the vertical axis cor-

responding to the error in retirement expectations. This graphical evidence suggests that the

errors in expectations decrease as the respondent approaches retirement. Further, as illustrated

in Figure 4, this pattern of learning is also evident when using the relative error in estimates.

Interestingly, we find a unique pattern of respondents overestimating their retirement date,

working less than they expected, near their retirement date. As illustrated in Figure 3 and Fig-

ure 4, we find that the sign of retirement expectations errors become negative near the respon-

dents’ future retirement date, with the average crossover occurring at five years until retirement.

This suggests that, near retirement, respondents thought they would be working longer than they

actually did. These errors, however, are much smaller and do not persist as long as the long-term

forecasts.

Naturally, a concern about our analysis is that respondents are not providing accurate re-

sponses and that our results are driven by nonsensical responses. To investigate this potential

problem, we compare the respondents objective life expectancy to their retirement expectations.

10The long follow-up period results in a small fraction of censored observations Figure IA2. Dropping these
observations produces qualitatively similar results.
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If they expected to work longer than they predicted, this would show that these responses cannot

be taken seriously.

Studying this possibility, we find new evidence in support of respondents being thoughtful

when answering the survey. As illustrated in Figure IA3, we find consistent evidence that re-

tirement expectations typically do not exceed objective measures of mortality. Said differently,

respondents expect to retire prior to their death.

Taken together, these basic stylized facts show that long-run estimates of individuals signif-

icantly underestimate their future labor participation. These errors are larger both in absolute

and relative terms. Further, they are monotonically decreasing over time, with errors on average

equaling zero around five years from retirement. Interestingly, respondents near their retirement

date seem to overestimate their future labor participation.

2 Model of Errors in Expectations

The prior section established that investors on average underestimate their time until retirement.

In this section we turn our attention to measuring the cost of errors in expectations. To calculate

the costs of subjective beliefs, we develop a canonical life-cycle model with precautionary savings.

We model the labor supply choice as an optimal stopping problem, as this allows us to solve for

the model-implied expected time-to-retirement.

2.1 Model Overview

To guide the reader, Figure 5 summarizes health and labor dynamics and the associated value

function, flow utility, and earning process. Each box represents a different state of the model.

Details of each state is discussed below.

2.2 Health Status, Labor Income, and Retirement

Our framework is based on Dybvig and Liu (2010) and Farhi and Panageas (2007). The major

point of departure from the literature is that we model stochastic health dynamics and health-

dependent stochastic labor earnings.

An agent’s health status it is a stochastic process that, at time t, takes one of four states,
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indexed by it ∈ {1, 2, 3, 4}. The health states are ordered so that it = 1 corresponds to good

health, it = 2 corresponds to fair health, it = 3 corresponds to poor health, and it = 4 corresponds

to mortality. An agent begins life in good health status at time t = 0. Conditional on being

alive i ∈ {1, 2, 3}, over a small time interval (t, t + dt), an agent remains in health status i with

probability 1 − λidt and switches to health status i + 1 with probability λidt.11

We assume that labor income {Yt} during employment follows geometric Brownian motion:

dYt

Yt
= µidt + σidZt,

where µi and σi are health-dependent growth rates and volatilities of labor income, respec-

tively.12 The agent’s health process and Brownian shocks, Z , are independent. Retirement is

an irreversible decision so that the agent decides the optimal timing of retirement based on state

variables. We assume that an agent must retire in poor health. Our labor process captures both

permanent shocks and age-earning profiles similar to those used by Wang, Wang, and Yang

(2016) and Sargent, Wang, and Yang (2021).

In this model, an individual will retire at the first time when the level of wealth is above a

certain wealth threshold. This retirement threshold and the expected time for wealth to reach

this threshold will depend on individual’s beliefs about financial markets, health, and labor

earnings dynamics. Any gap between objective and subjective beliefs about these dimensions

would induce a suboptimal retirement threshold and biases in the expected time-to-retirement.

Specifically, we focus on subjective beliefs over health capital. Heimer, Myrseth, and Schoenle

(2019) find evidence that survival is underestimated (overestimated) by the young (old). We

denote agent’s subjective perception of health transition rates by δi for i ∈ {1, 2, 3}.

11Wang (2003) and Sargent, Wang, and Yang (2021) use this stochastic life-cycle model to study equilibrium wealth
distribution without consideration of retirement. Hugonnier, Pelgrin, and St-Amour (2013) uses a closely related
stochastic health process to study the joint determination of financial and health-related choices.

12We omit time subscript on it if so there is no confusion.
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2.3 Investment Opportunity and Budget Constraint

The agent can save in the risk-free asset that pays a constant rate of interest r and the risky market

portfolio. The incremental return of the market portfolio is iid over period dt and is defined as:

dSt

St
= µSdt + σSdZt, (3)

where µS and σS are constant mean and volatility parameters of the market portfolio return

process. Labor income and the stock market are perfectly correlated. This enables us to have a

closed-form solution. Let

η =
µS − r

σS

denote the Sharpe ratio of the market portfolio.

The agent has access to health and life insurance markets. When in good or fair health, the

agent may purchase an actuarially fair health insurance contract that pays one unit of consump-

tion good if the agent’s health jumps to the next stage at the next instant and zero otherwise.

Similarly, during poor health status, the agent may purchase an actuarially fair life insurance

contract that pays one unit of consumption good if mortality occurs.

We consider health or life insurances as actuarially fair if the premium is set to objective

health transition rates rather than subjective transition rates. The agent is a price-taker and has a

dogmatic belief, which implies that any Bayesian updating can be ruled out.

In general, we denote bequest wealth to the next stage of health status by Bt. When Wt < Bt,

this is insurance coverage purchased for a premium of λi(Bt − Wt) per unit time and a receipt

of Bt − Wt in the event of transition of health status. If Wt > Bt, it trades wealth in the event of

transition of health status for a cash inflow λi(Wt − Bt) while being in health status i.

The agent’s wealth is denoted by Wt. We assume that the agent cannot borrow against future

income:

Wt ≥ 0 (4)
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While being in health i, Wt evolves according to the following:

dWt = (rWt− + Πt−(µS − r) + Yt−(1 − Rt−)− Ct−) dt + Πt−σSdZt (5)

−λi(Bt− − Wt−)dt + (Bt− − Wt−)dit,

where Rt− is an indicator of agent’s retirement status. The first term captures the expected return

to investment, labor income, and consumption, with Π denoting the amount invested in the risky

asset. The second term represents the risk of investing in the market asset, the third term is the

life (health) insurance premium, and the fourth term is a one-time life (health) insurance payment

upon a health shock (dit) whose intensity is δi in agent’s perception. We use t− to denote the

time prior to a health shock.

2.4 Preferences

As a reminder, the model follows Figure 5, which summarizes health and labor dynamics and

the associated value function, flow utility, and earning process.

The agent derives utility from intertemporal consumption and bequest. The objective of an

agent working in health status it at time t is to maximize the following expected utility:

max
C,B,Π,R

Et

[∫ τD

t
e−ρ(s−t)U(ℓ1−Rt Kit Ct)dt + e−ρ(τD−t)U(k4Bτ)

]
,

where E[·] denotes the agent’s subjective expectation, τD is the stochastic mortality date, ρ is a

subjective discount rate, U(C) = C1−γ

1−γ is a constant relative-risk-aversion utility function, γ > 1

is the agent’s constant relative risk aversion, ℓ ∈ (0, 1) is the leisure during employment, Ki is a

multiplier for consumption in health status i, and k4 > 0 measures the intensity of preference for

leaving a large bequest. The flow utility of consumption is contingent on health status (Finkel-

stein, Luttmer, and Notowidigdo, 2009, 2012). Comparing health status i and i + 1, we can see

that consumption and health are complements if Ki < Ki+1, i.e., the marginal utility of consump-

tion is lower in health status i + 1, K1−γ
i > K1−γ

i+1 . For example, the marginal utility of driving

a luxury car may decrease with physical disability. Consumption and health are substitutes if

Ki > Ki+1. The flow utility of consumption during employment is U(ℓKiCt) while it is U(KiCt)
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during retirement. Thus the intensity of preference for retirement is 1/ℓ. That is, the marginal

utility of consumption is lower during retirement and consumption and labor are substitutes or

consumption and leisure are complements.

3 Model Solutions

This section outlines the solution of our model. We first solve the post-retirement consumption-

saving problem and then consider the pre-retirement problem.

3.1 Post-Retirement

After retirement, the agent is facing complete markets and the standard consumption-savings

problem with a stochastic transition of health, (Merton, 1971). Let Vi(W) denote the value func-

tion during retirement in health status i ∈ {1, 2, 3}. We summarize the post-retirement optimal

value function and decision rules in the following proposition.

Proposition 1 Upon retirement in health status i = {1, 2, 3}, the value function is given by

Vi(W) =
(kiW)1−γ

1 − γ
,

where ki is given in the Appendix B. The optimal decision rules are given by

Ct = k1−ψ
i Kψ−1

i Wt (6)

Bt = θ
−ψ
i k1−ψ

i kψ−1
i+1 Wt (7)

Πt =
η

γσS
Wt, (8)

where ψ = 1/γ and θi = λi/δi.

The optimal policies are proportional to wealth. The optimal bequest to the next stage of

health is decreasing in θi, which measures the relative overpricing of insurance from agent’s

perspective. The optimal portfolio allocation is well-known mean-variance demand.
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3.2 Pre-Retirement

Let Ji(W, Y) and W i denote the value function during employment and the endogenous wealth

boundary for retirement in health status i ∈ {1, 2}, respectively. For wealth level W ∈ [0, W i), the

value function Ji(W, Y) solves the following HJB equation.

(ρ + δi)Ji = max
C,B,Π

U(ℓKiC) + δi max{Vi+1(B), Ji+1(B, Y)}

+ (rW + Π(µS − r) + λi(W − B) + Y − C)
∂Ji

∂W
+ µiY

∂Ji

∂Y
(9)

+
1
2

Π2σ2
S

∂2 Ji

∂W2 + ΠYσSσi
∂2 Ji

∂W∂Y
+

1
2

Y2σ2
i

∂2 Ji

∂Y2 .

Upon transition of health, the agent has a choice between immediate retirement and continuing

work. This can be seen in (9) that with intensity δi, the agent takes the maximum of either the

post-retirement value function Vi+1(B) or the pre-retirement value function Ji+1(B, Y) in the next

stage of health by bequeathing B.13 Due to homogeneity of the problem, we can reduce agent’s

problem to one dimension, with the scaled wealth w = W/Y as the unique state variable, by

writing the agent’s value function Ji(W, Y) as:

Ji(W, Y) = Y1−γ pi(w) (10)

The retirement boundary will be also homogeneous of degree one in the current income: W i =

wiY where wi is the retirement boundary in health status i in terms of wealth-earning ratio.

We conjecture that there exists a wealth-earning boundary wi ∈ [0, wi] such that for wealth-

earning ratio w less than w1, it is optimal to continue to work upon a health shock while for

wealth-earning ratio w equal or greater than wi, immediate retirement is optimal.14 Substituting

(10) into first-order conditions of (9), we obtain the following policy functions. The optimal

consumption-earning ratio and bequest wealth-earning ratio to the next stage of health are given

13Since we assume that in poor health retirement is mandatory, we have J3(W, Y) = −∞ and thus the agent in fair
health always takes the post-retirement value function in poor health upon a health shock.

14We set w2 = 0 and thus the agent working in fair health always chooses retirement upon a health shock.
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by

c(w) ≡ C(W, Y)
Y

= (ℓKi)
ψ−1(p

′
i(w))−ψ (11)

b(w) ≡ B(W, Y)
Y

=


(p

′
i+1)

−1(θi p
′
i(w)) if w ∈ [0, wi)

kψ−1
i (θi p

′
i(w))−ψ if w ∈ [wi, wi),

(12)

where (p
′
i)
−1 is the inverse function of p

′
i(w). We can also obtain the optimal portfolio-earning

ratio:

π(w) ≡ Π(W, Y)
Y

= −
(µS − r)p

′
i(w)

σ2
S p′′

i (w)
+

σi(γp
′
i(w) + wp

′′
i (w))

σS p′′
i (w)

, (13)

where the first term gives the mean-variance demand and the second term gives the hedging

demand. The optimal policy functions depend on agent’s (scaled) marginal value of wealth,

∂Ji(W, Y)/(Y−γ∂W) = pi(w).

Next, we need to specify boundary conditions. At the retirement bounary, wi for i = {1, 2},

we have the following boundary conditions:

pi(wi) = Vi(wi), (14)

p
′
i(wi) = V ′

i (wi), (15)

where the first one is the value-matching condition and the second one is the smooth-pasting

condition, given that the retirement boundary is optimally chosen. At zero wealth, the agent

should be infinitely risk-averse. Since the value function is concave, this is the only way to make

sure that the volatility of wealth-earning ratio at zero wealth is equal to zero so that it never

crosses zero wealth and the borrowing constraint is always met.15 It leads us to the boundary

15To see this, consider the volatility of w of the agent working in health status i:

diff(dwt) = diff
(

dWt
Yt

)
− wtdiff

(
dYt
Yt

)
= π(wt)σS − wtσi =

(σiγ − η)p
′

i(wt)

p′′
i (wt)

,

where diff(·) denotes the diffusion part of the process. It is necessary that the volatility of wt at zero wealth be equal
to zero. Otherwise, the probability of crossing zero wealth to its left is strictly positive, which violates the borrowing
constraint. Thus, at zero wealth, either the agent’s marginal utility of wealth should be zero, p

′

i(0) = 0, or the agent
should be infinitely risk-averse, p

′′

i (0) = −∞. Since the value function is concave, we must have p
′

i(0) > 0, so the
volatility boundary condition can be satisfied only if the curvature of pi(w) approaches minus infinity when the agent
runs out of liquid wealth.
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condition at zero wealth:

p
′′
i (0) = −∞ (16)

Finally, if wi is interior, the value function pi(wi) should be continuous and smooth at wi. Now

we provide explicit solutions in terms of the marginal value of wealth in the following theorem.

Theorem 1 For 0 ≤ w < wi, the value function during employment in health status i is given by

pi(w) = ji(x)− xj
′
i(x) (17)

where x is a marginal value of wealth:

x = p
′
i(w), (18)

and the function ji(x) is given in the Appendix B.

3.3 Expected time-to-retirement

To calibrate the model to against data, we compute the model implied subjective and objective

expected-time-to retirement. We define retirement expectation as the expected time to either

voluntary retirement or poor health, whichever is earlier. The objective retirement expectation is

computed using objective health transition intensities rather than agent’s subjective perception

of them. The following proposition characterizes the expected time-to-retirement.

Proposition 2 Suppose that the agent has not retired yet. Then the subjective and objective expected time

to retirement is given by

Et[τR − t|wt = w, it] = −gi(x)

Ẽt[τR − t|wt = w, it] = −g̃i(x),

where τR is the first time for wealth to reach the retirement boundary or for health to reach poor health

regime, whichever is earlier, Ẽ[·] is objective expectation, and gi(x), g̃(x) can be found in the Appendix B.

When an individual has objective beliefs, δi = λi, we have gi(x) = g̃i(x).

16



4 Model Calibration – The Welfare Costs of Errors in Expectations

4.1 Methodology

We study the implications of our model by considering a realistic calibration. We select parame-

ters that are realistic. Table 3 describes parameter values that we use to compute optimal value

functions, decision rules, and retirement expectation of our model. Panel A reports parameters

that we assign without calibration. Panel B and C report parameters calibrated specifically for this

study: consumption multiplier in each health regime, leisure while working, drifts, volatilities

governing labor-earning processes, subjective and objective beliefs of health capital dynamics.

We set the risk-free rate, r, to 2%, which is the average real return on the one-year Treasury

note during our sample period. We set the subjective discount rate, ρ, to 4%, which is a common

practice in the life-cycle literature. We set the coefficient of relative risk aversion at γ = 5, a

commonly used value. The aggregate equity risk premium is set to (µS − r) = 8% and the

annual volatility of the market portfolio return is set to σS = 20%, implying the Sharpe ratio for

the aggregate stock market η = (µS − r)/σS = 40%.

Table 4 reports the empirical retirement expectation and the corresponding industry-average

of equity exposures in target-date funds in the United States. We first divide all individuals

along two dimensions, health and time until retirement. Specifically, there are two groups along

health such that one group has better health than the average of self-reported health status, while

the other group has relatively worse health. For time until retirement, we divide the sample into

three groups. Panel A reports the mean time until retirement, which we refer to as the “objective”

retirement expectation; the mean of self-reported time until retirement, which we refer to as the

“subjective” retirement expectation; and the industry-average of equity exposures in target-date

funds, based in subjective retirement expectation. We see that biases in retirement expectation is

positive and approaches zero as an individual is close to actual retirement. Panel B reports the

same statistics for individuals with fair health.

We jointly calibrate preferences parameters, labor income dynamics, objective and subjec-

tive health capital dynamics by targeting a pair of quantities: equity exposures and objective

retirement expectation at a given subjective retirement expectation in Table 4. We calibrate back-

ward from fair health to good health. Specifically, consider two individuals, one with objective
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beliefs, δi = λi and the other with subjective beliefs, δi , λi. Then, for a given set of param-

eters (K2, K3, k4, ℓ, µ2, σ2, λ2, λ3), we first compute model-implied portfolio weights π(w)/w in

fair health at retirement expectation, 3.31, 5.11, and 7.75 for an individual with objective beliefs.

Next, we compute model-implied objective retirement expectation in fair health at the same set

of retirement expectations for an individual with subjective beliefs. We search for a set of pa-

rameters that minimizes the average squared distance between the model-implied quantities and

empirical counterparts. Given the calibrated parameters in fair health, we similarly calibrate pa-

rameters in good health. By calibrating in this way, it is optimal for an individual with objective

beliefs to delegate her portfolio allocation entirely to target-date funds while it is suboptimal

for an individual with subjective beliefs, which enables us to quantify any welfare loss due to

subjective beliefs.

Panels B and C of Table 3 report outcomes from jointly calibrating a set of parameters by tar-

geting a combination of portfolio weights (for an individual with objective beliefs) and objective

retirement expectation (for an individual with subjective beleifs) at a given retirement expecta-

tion in each health regime. Figure 6 plots the model-implied quantities (portfolio weights and

objective retirement expectations) and empirically observed ones for a given retirement expecta-

tion.

4.2 Calibration Results

Preferences

We normalize the utility weight in poor health to one, K3 = 1. Our calibrated parameters of the

utility weights for good health, fair health, and bequest are K1 = 0.86, K2 = 0.86 and k4 = 1.68.

Thus we find that consumption and health are neither complements nor substitutes across good

and fair health, while they are complements across fair and poor health. That is, the marginal

utility of consumption (proportional to K1−γ
i ) declines when health capital deteriorate from fair to

poor, as many consumption goods – such as travel – are complements to health. Our calibration

exercise also implies that the marginal utility of bequest is the lowest, which will result in low

(high) demand for life insurance (annuity) in poor health. The calibrated parameter of the leisure

while working is ℓ = 0.42, which implies that about 42% of endowed leisure is enjoyed pre-
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retirement.

Health Capital

Our calibration exercise indicates that an individual stays in good, fair, poor health for 4.60, 12.38,

and 6.47 years on average, respectively. However, an individual subjectively believes that she will

stay in good, fair, poor health for 2.46, 6.68, and 9.96 years on average, respectively. In terms of

life expectation, an individual in good, fair, poor health dies in 23.45, 18.85, and 6.47 years on

average, respectively. On the other hand, subjective life expectation in good, fair, poor health is

19.10, 16.64, and 9.96 years. As in Heimer, Myrseth, and Schoenle (2019), we find that survival is

underestimated (overestimated) by an individual in good / fair (poor) health.

Labor Earnings

The expected growth rate of earning is calibrated to −3.00% and −1.70% in good and fair health,

respectively. The volatility of earning growth is calibrated to 5.69% and 5.98% in good and fair

health, respectively. The expected growth rate and volatility are lower in good health. An indi-

vidual might view their expected earning growth to be negative due to high expected inflation.

The expected earning growth rate can be higher in fair health if we interpret health as stage of

life that is correlated with age. The more experienced worker is, the higher earning growth rate

is.

5 Model Results

5.1 Decision Rules

Retirement Thresholds

To begin, we first consider the optimal retirement threshold for agents based on their wealth to

earnings ratio. We find that an individual with objective beliefs retires at the first time when

financial wealth reaches 11.25 and 9.52 times of the current income in good and fair health,

respectively. On the other hand, the retirement thresholds of an individual with subjective beliefs

are 25.00 and 8.35 times of the current income in good and fair health. We document two
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patterns. First, under both beliefs, retirement thresholds are declining as individual’s health

status deteriorates. This is intuitive, because a healthier individual has more incentives to keep

the option to retire and hence the threshold is higher.

Second, the optimal retirement threshold of an individual with subjective beliefs is higher

(lower) than the one with objective beliefs in good (fair) health. When determining the threshold,

an individual trades off cost of losing the option to retire and benefit of retiring prior to poor

health in which marginal utility of consumption is lower. On one hand, an individual subjectively

believes that the average time in poor health is longer than actual and thus the benefit of early

retirement is higher. On the other hand, the average time until poor health is subjectively believed

to be shorter than actual, 2.46 + 6.68 = 9.14 year in good health and 6.68 year in fair health.

This raises cost of losing the option to retire for an individual with subjective beliefs. Our

calibration exercise suggests that in good health the latter effect is dominating so that an agent

with subjective beliefs shifts the threshold upward relative to the one under objective beliefs to

keep the option “alive” while in fair health the former effect is pronounced and the threshold is

shifted downward to retire early prior to poor health.

Given the thresholds under subjective beliefs, the average time for an agent with subjective

beliefs to retire is longer than agent’s perception of it since an agent will stay in good and fair

health longer than expected. If agent’s wealth never crosses the thresholds until poor health,

an agent is forced to retire upon a health shock to poor status. For example, we find that for

an agent with zero wealth, retirement is subjectively believed to occur in 9.12 year and 6.66

year in good and fair health, respectively. At zero wealth, retirement will be triggered mostly

due to entering into poor health status. Thus, if an individual subjectively believes that health

status enters a condition under which working is not possible sooner than actual, it will shift

individual’s subjective retirement expectation downward relative to the objective expectation. As

agent’s wealth is closer to the threshold, voluntary retirement is more likely and the impact of

subjective beliefs diminishes.
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Consumption, Insurance, and Portfolio Allocation

We plot optimal policies and their sensitivities with respect to financial wealth in Figure 7. We

focus on comparing heterogeneous beliefs so that we plot optimal policies and their sensitivities

in fair health only. The pre-retirement consumption, bequest demand, and portfolio allocation

are larger than those in post-retirement. The pre-retirement consumption is higher than the

post-retirement one for two reasons. First, leisure and consumption are complements, so a re-

tired person will reduce his or her consumption. Second, the marginal value of wealth rises

upon retirement. The second reason is applied for lower bequest motive upon retirement. The

post-retirement portfolio allocation contains only myopic demand, so that the excessive portfolio

allocation during employment indicates the existence of positive hedging demands. Given that

positive correlation between the labor earning process and the market portfolio, positive hedg-

ing demands can be explained by sufficient concavity of the value function with respect to the

wealth-earning ratio.

An agent with pessimistic (subjective) beliefs consumes, bequeaths, and invests less. A pes-

simistic individual has stronger precautionary saving motives, which leads to smaller consump-

tion, bequest, allocation to the market portfolio. The post-retirement marginal propensity to

consume (MPC), bequeath (MPB), and invest (MPI) is constant at 10%, 4.9%, and 40%, respec-

tively, while the pre-retirement MPC, MPB, and MPI are changing in wealth-earning ratio. For

example, a penniless agent with subjective belief consumes 11.4%, bequeaths 3.2%, and invests

in the market portfolio 180.2% of a unit increase of wealth.

We can see that objective and subjective beliefs differ significantly in terms of the sensitivities

of optimal policies. The fact that retirement is an irreversible decision and borrowing against

labor income is not permitted induces distortions to decision rules of an agent near zero wealth or

retirement. The MPC and MPB of an agent with optimistic belief generally decrease in the wealth-

earning ratio, which indicates that he or she is risk averse in all values of the ratio. However,

interestingly, we find that the MPC and MPB of an agent with pessimistic belief are U-shaped,

which implies that he or she is risk averse near zero wealth and risk loving near retirement. In

other words, pessimistic belief about health dynamics induces an agent to consume and bequeath

aggressively near retirement. For the MPI, we find the opposite result that an agent with objective
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belief displays U-shaped pattern while the subjective MPI is decreasing in wealth-earning ratio.

An agent with optimistic belief is extremely risk averse near retirement, which induces stronger

positive hedging demands in the optimal portfolio allocation.

5.2 Welfare Costs

We find the certainty-equivalent (CE) wealth and the optimal policies under subjective beliefs as

if the agent’s subjective beliefs are correct. We are interested in welfare costs of subjective beliefs

when the true labor earning process is consistent with objective beliefs. To do that, we first

compute a suboptimal value function under objective beliefs when suboptimal policies (which

are optimal under subjective beliefs) are utilized. See the Appendix C.1 for details. Also, we

define CE wealth Qi(W, Y):

Ji(W, Y) = Vi(Qi(W, Y)).

Intuitively, Qi(W, Y) is the level of wealth upon retirement at which an agent with financial

wealth W and earning Y is indifferent between working and retirement. By substituting the

formula, we have CE wealth-earning ratio:

qi(w) ≡ Qi(W, Y)
Y

=
1
ki
{(1 − γ)pi(w)}

1
1−γ .

Let q∗i (w) and qi(w) denote the optimal and suboptimal CE wealth, respectively. Then we define

two measures of welfare costs φi(w) and ε i(w):

φi(w) = q∗i (w)− qi(w),

ε i(w) =
q∗i (w)

qi(w)
− 1.

The first welfare cost measures the absolute loss of certainty equivalent wealth at retirement in

terms of the current earning while the second one measures welfare cost as a fraction of certainty

equivalent wealth.

We plot the welfare cost of subjective beliefs in Figure 8. Here we can see that both measures

of welfare costs are decreasing in the wealth-earning ratio. Also, due to the compounding effects
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of suboptimal policies, welfare costs in good health are larger than those in fair health. We

consider an individual with good health and wealth-earning ratio of w = 4, which is the median

value in the sample of individuals with good health and age 50. For this median respondent,

absolute welfare cost is 18.2% of the current earning, and relative welfare cost is 2.1% of certainty

equivalent wealth.

5.3 Simulation

Next we simulate the life-cycle model of individuals who act on their objective (subjective) beliefs

about their health process. The life cycle begins at age 50, the wealth-earning ratio is 4, and, in

good health, i = 1. Figure 9 plots the average of simulated paths of consumption share, portfolio

weights, retirement expectation, and cumulative probability of retirement.

We can see that the retirement expectation of individuals based on subjective beliefs is shorter

than that of individuals based on objective beliefs. This leads to substantially lower equity hold-

ings of individuals with subjective beliefs over the life cycle. Subjective beliefs also induce

stronger pre-cautionary saving motives, so that consumption share is also significantly lower

over the life cycle. We can see that individuals with subjective beliefs have a higher cumulative

probability of retirement at the late stage of life, which indicates that they tend to retire earlier

than those with objective beliefs. The average retirement age is 71 and 70 under objective and

subjective beliefs, respectively. However, the difference in the average retirement age is just one

year and not comparable to the difference in retirement expectation. Thus the average of ex post

error of the retirement expectation is still larger for subjective beliefs than objective ones.

We also compute the average wealth at retirement. While assuming that the initial real earn-

ing is $40,000 per year, the average wealth at retirement is $444,830 and $428,305 for objective and

subjective beliefs, respectively. The difference is $16,525, which is 4% of the retirement wealth of

subjective beliefs. This is surprising, given that pre-retirement consumption of individuals with

objective beliefs is larger. The average time to retirement of individuals with subjective beliefs

is 20 years, which indicates that 4% of loss in retirement wealth is equivalent to 20 bp a year in

losses.
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6 The Financial Cost for Investors Using Target Date Funds

6.1 Fundamental Assumption of Target Date Funds

The fundamental assumption underlying target-date funds is that investors can precisely predict

their retirement date, usually decades in advance. This assumption is problematic as investors’

subjective beliefs about retirement are tied directly to the portfolio risks of their target-date funds.

To fix ideas, consider the case where an investor underestimates his or her labor participation.

This will imply that person will work longer than originally expected. As a result, that person

will also select a fund with a near-term retirement date, which will have lower levels of port-

folio risk than optimally prescribed. Compounding these errors over decades, these biases will

contribute to lower future expected wealth, a sub-optimal consumption path, and welfare losses.

Target-date funds have become one of the most successful financial innovations of the past

50 years.16 As of 2021, over $1.6 trillion or roughly 6 percent of the roughly $23.9 trillion mutual

fund market was invested in target date funds. Within 401(k) plans, 27% of assets are invested in

target-date funds, up from 7% only 10 years ago. In terms of demographic breakdown, partici-

pation tilts toward people in there twenties, with over half of target-date assets invested by those

in their twenties. This underlines the fact that understanding the structure and implications of

the assumptions of target-date funds is important for the welfare of investors.

Solving and implementing the optimal investment policy has been a challenge for retail in-

vestors.17 Over the past 20 years, target-date funds have been introduced as a solution to the

lifetime portfolio problem of retail investors. As their name suggests, investors select a fund

based on their target retirement date, and the fund automatically allocates risk based on a pre-

specified schedule, Figure 1. Far from one’s retirement, these funds invest a large percentage

of the portfolio in risk-bearing assets, typically equities. As time passes and the investor’s re-

16The boom in target-date funds can be attributed to at least three factors. First, there has been a movement away
from defined-benefit programs toward defined-contribution plans, encouraging retail investors to allocate toward
these funds in their 401(k)s and similar employee-directed retirement plans. Second, retirement plans have used their
choice architecture to nudge participants into target-date funds. Third, the U.S. Department of Labor issued, under the
2006 Pension Protection Act, a regulation that designated target-date funds as an eligible default investment option
for automatic enrollment plans (Mitchell and Utkus, 2021). As a result of these factors, many plan sponsors have
made target-date funds the default choice in their plans.

17Often individuals have biases, making them ill-equipped to make these important financial decisions (Benartzi
and Thaler, 2001; Lusardi and Mitchell, 2007, 2011). This has often been blamed for less sophisticated investor’s static
investment decisions (Agnew, Balduzzi, and Sunden, 2003; Ameriks and Zeldes, 2004) or rule-of-thumb approaches
to allocating risk.
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tirement target approaches, the portfolio typically switches its allocation from mostly stocks to

mostly bonds.

Despite the popularity of target-date funds, the fundamental assumption that investors can

accurately estimate their retirement date has not been well evaluated. If investors underestimate

their future labor market participation, they will select a target-date fund that is too risk averse,

as compared to the optimal solution for someone their age.18 Said differently, if investors think

they will retire sooner than they actually do, they will incorrectly select a fund that has too low

of a level of risk over their entire working life. Compounding these errors over decades, this will

lead to lower future expected wealth and lower welfare.

Considering the broad adoption of target-date funds, it is critical to understand the ability of

investors to accurately predict their future labor supply and the costs associated with errors.

6.2 Who Disproportionately Bares the Cost of Errors in Expectations?

We consider if individuals with certain characteristics, or any sub-population disproportionately

bears the costs of these errors. In this section we uncover that economic factors, such as real

earnings, real wealth, and health are strongly associated with errors in retirement. Importantly,

we find that black and female respondents systematically overestimate their participation. While

these are associative, and not causal relations, these estimates provide new and important evi-

dence of the disproportionate effects of errors in expectations.

6.3 Potential Policy Implications

What if anything, can we do to improve the economic outcomes of households? A key problem

in prescribing a solution is that it is impossible to know ex-ante that an individual makes a wrong

retirement expectation, what policy can be applied to alleviate this friction? Prior research has

suggested that households show inertia in their decision making problem, (i.e. Madrian and

Shea (2001)). In our setting, can show that this is the case as well. We speculate that a possible

innovation would be to ask the investors on a periodic basis what their retirement expectations

are, while providing information on objective probabilities. This approach is similar to nudging

18The opposite is true for investors who overestimate their expected retirement date. Their selected target-date
funds will have too much risk over their entire working life.
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that has been use in other household finance settings.19 As our paper shows, households are

learning and updating their expectations, however, these are too slow and with a bias. This

approach may be helpful, especially for investors that are defaulted into retirement portfolios.

Alternative direction for target date funds have been previously proposed in the literature,

(Gomes, Michaelides, and Zhang (2022)). In our setting, we can use information about the in-

vestor’s social-economic background to select a portfolio on their behalf. A recent working paper

by Duarte, Fonseca, Goodman, and Parker (2021) suggests using a machine-learning solution al-

gorithm to account for the substantial heterogeneity in optimal behavior for agents. This solution,

while a possible step in the right direction, still does not fully solve the issue of investors form-

ing incorrect expectations about their future labor supply. As a result, the issue of errors in

retirement expectations still remains as an important friction against investors making optimal

economic decisions.

7 Conclusion

This paper documents that households are optimistic when forming their retirement expecta-

tions, which harms their financial planning and leads to undersaving for retirement. We measure

the biases in retirement expectations from long-term follow-up survey data and provide robust

evidence that respondents underestimate their future labor participation. Guided by the empir-

ical analysis, we develop and calibrate a novel life cycle model that incorporates expectations of

retirement. Estimates suggest that these errors in expectations lead to a significant reduction in

wealth.

19Examples from the literature include Anderson and Robinson (2018); Dur, Fleming, van Garderen, and van Lent
(2021); Goldin, Homonoff, and Tucker-Ray (2017)
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FIGURE 1: VANGUARD’S GLIDE PATH

This figures provides an example of the asset allocation rule for target-date funds. The horizontal axis corresponds
the expected retirement date with more recent dates to the right. The vertical axis corresponds the equity risk, in
percent, of a target-date fund portfolio. The red line shows the predetermined investment policy of the Vanguard
retirement funds, the blue line illustrates the industry average, and the green bands illustrate the industry minimum
and maximum exposure. The percent of equity exposure is weakly monotonically decreasing with the expected time
until retirement.
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(a) Full Sample
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(b) Long-run Estimates
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(c) Short-run Estimates

FIGURE 2: ERRORS IN RETIREMENT EXPECTATIONS

This figure plots the absolute error in retirement expectations from survey respondents. Error in retirement expec-
tations are measured by taking the difference between a respondents duration until retirement and their estimated
duration until retirement. Positive values correspond to an underestimation of labor supply. The vertical axis corre-
sponds to the percent of the sample. The dotted line is draw through zero, and corresponds to unbiased expectations.
Panel A plot the entire sample. Panel B focuses on long-term expectations by studying retirement forecast that are
greater or equal to the mean time until retirement. Panel C focuses on short-term expectations by studying retirement
forecasts less than the mean time until retirement. Red lines are drawn at the means for each sample.
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FIGURE 3: ERRORS IN SUBJECTIVE RETIREMENT EXPECTATIONS

This figure plots the error in retirement expectations from respondents in the HRS sample. The horizontal axis corre-
sponds to the time until retirement for respondents. The vertical axis corresponds to error in retirement expectations,
and is measured by taking the different between a respondents duration until retirement and their estimated duration
until retirement. Larger values correspond to an underestimation of labor supply. Black points correspond to aver-
ages, while the error bars provide a 95% interval. The dotted line is drawn through zero, and represents unbiased
expectations.
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FIGURE 4: RELATIVE ERRORS IN RETIREMENT EXPECTATIONS

This figure plots the error in retirement expectations from respondents in the HRS sample. The horizontal axis corre-
sponds to the time until retirement for respondents. The vertical axis corresponds to error in retirement expectations,
and is measured by taking the ratio between the duration until retirement and estimated duration until retirement,
and then subtracting one. Larger values correspond to an underestimation of labor supply. Black points correspond to
averages, while the error bars provide a 95% interval. The dotted line is drawn through zero, and represents unbiased
expectations.
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Good Health (i = 1)
Working (R = 0)

Value function J1(W, Y)
Flow utility U1(ℓK1C)
Earning process (µ1, σ1)

Good Health (i = 1)
Retired (R = 1)

Value function V1(W)
Flow utility U(K1C)
Earning process No earning

Fair Health (i = 2)
Working (R = 0)

Value function J2(W, Y)
Flow utility U1(ℓK2C)
Earning process (µ2, σ2)

Fair Health (i = 2)
Retired (R = 1)

Value function V2(W)
Flow utility U(K2C)
Earning process No earning

Poor Health (i = 3)
Retired (R = 1)

Value function V3(W)
Flow utility U(K3C)
Earning process No earning

Mortality (i = 4)
Bequest Utility U(k3B)
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FIGURE 5: POSSIBLE PATHS OF HEALTH AND LABOR DYNAMICS

This figure summarizes individual’s possible paths of health and labor dynamics. A directed graph, each box repre-
sents a stage in the model and provides a summary of the value function, flow utility, earnings process, and bequest
utility. Each row represents agents in good health, fair health, poor health, and mortality, respectively. The left column
represents agents that are working. The right row represents agents that have retired.
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(a) Good Health

(b) Fair Health

FIGURE 6: PORTFOLIO WEIGHTS AND BIASES IN RETIREMENT EXPECTATION

This figure plots portfolio weights π(w)/w for an individual with objective beliefs and biases in retirement expectation
(the difference in objective and subjective retirement expectation) for an individual with subjective beliefs in terms of
the subjective expected time to retirement. The horizontal axis corresponds to subjective retirement expectations in
years and in a reverse order.
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FIGURE 7: OPTIMAL POLICIES AND THEIR SENSITIVITIES WITH RESPECT TO WEALTH

This figure plots the relationship between the optimal policies and the wealth-earning ratio w in bad health. The red
dotted line is the objective relation, and the blue line for subjective belief. The left panels plot the optimal policies
(consumption, bequest demand, and portfolio allocation) scaled by earning. The right panels plot the sensitivity of
the optimal policies (marginal propensity to consume, bequeath, and invest) with respect to financial wealth.
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FIGURE 8: WELFARE COSTS AND WEALTH-EARNING RATIOS

This figure plots the relationship between model-implied absolute / relative welfare costs and the wealth-earning
ratio w in good and fair health. The horizontal axis corresponds to the wealth-earnings ratio w, while the vertical axis
corresponds to costs in percents. Welfare costs are computed in terms of certainty equivalent (CE) wealth per earning.
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FIGURE 9: LIFE-CYCLE RESULTS: SUBJECTIVE VS. OBJECTIVE BELIEFS

This figure compares life-cycle results as obtained from simulating the life-cycle model outlined in section 2. The
red-dotted line corresponds to subjective beliefs and the blue solid line corresponds to objective beliefs. Panel A plots
the average of consumption share. Panel B plots the portfolio weights in the risky asset. Panel C plots retirement
expectation. Panel D plots the cumulative probability of retirement.
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TABLE 1: DESCRIPTION OF DATA USED IN RETIREMENT ANALYSIS

This table describes the data used in the analysis of retirement, and is based on a merge between the Health and
Retirement Study (HRS) files (HRS RAND 2016). Data is only taken from respondents that are at least 50 years old
and that consider themselves not retired. Panel A describes household level responses. All standardized variables are
demeaned with unit standard deviation.

Variable Type Mean SD Median Min Max
(1) (2) (3) (4) (5) (6)

Demographic
Age Cont. (Years) 57.80 5 57.20 50 86.60
Female Indicator (0-1) 0.50 0.50 1 0 1
Married Indicator (0-1) 0.80 0.40 1 0 1
Black Indicator (0-1) 0.10 0.40 0 0 1
Education Cont. (Years) 13 2.80 12 0 17

Health
Cognition Cont. (Standardized) 0 1 -0.20 -8.70 7.20
Health Cont. (Standardized) 0 1 0.40 -2.70 1.40

Financial
Real Wealth Cont. (K) 284.30 1, 169.80 131 0 90, 708.20
Real Earnings Cont. (K) 28.10 31.60 22 0 1, 489.50

Planning Horizon and Risk Aversion
Financial Planning Horizon Cont. (Years) 5 4.20 2.50 0.50 15
Risk Aversion Cont. (Standardized) 0 1 0.70 -2.30 0.70
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TABLE 2: ERRORS IN EXPECTATIONS AND SOCIAL ECONOMIC CHARACTERISTICS

This table presents the relationship between errors in retirement expectations and social economic characteristics of
respondents. All regressions include year, cohort, and region fixed effects. Columns (2) and (4) including respondent
fixed effects. Columns (1) and (2) use the absolute difference between the duration until retirement and the expected
duration until retirement for each respondent. Columns (3) and (4) use the log of the ratio between duration until
retirement and the expected duration until retirement for each respondent. Standard errors clustered at the the
respondent level. ***, **, * denote significance at the 1%, 5%, and 10% level, respectively. Data source: Health and
Retirement Survey.

Absolute Error log(Relative Error)

(1) (2) (3) (4)

log(Real Earnings) 0.291∗∗∗ 0.587∗∗∗ 0.066∗∗∗ 0.196∗∗∗

(0.082) (0.108) (0.016) (0.033)

log(Real Wealth) 0.205∗∗∗ 0.124∗ 0.039∗∗∗ 0.031
(0.051) (0.069) (0.010) (0.023)

Risk Aversion (Standardized) −0.017 −0.025 −0.008 −0.013
(0.064) (0.082) (0.012) (0.031)

Health Level (Standardized) 0.464∗∗∗ −0.194∗∗∗ 0.058∗∗∗ −0.019
(0.064) (0.072) (0.013) (0.028)

Cognative Ability (Standardized) 0.001 −0.289∗∗∗ 0.019 −0.007
(0.056) (0.045) (0.014) (0.017)

Financial Planning Horizon (Years) −0.065∗∗∗ −0.044∗∗ −0.009∗∗∗ −0.009
(0.015) (0.022) (0.003) (0.007)

Age (Years) 0.103∗∗∗ 0.043∗∗∗

(0.015) (0.004)

Education (Years) 0.007 −0.0004
(0.027) (0.005)

Black 1.215∗∗∗ 0.295∗∗∗

(0.196) (0.040)

Female 0.379∗∗ 0.078∗∗∗

(0.148) (0.028)

Married 0.344∗∗ 0.086∗∗∗

(0.162) (0.031)

Year FE: Yes Yes Yes Yes
Cohort FE: Yes Yes Yes Yes
Regional FE: Yes Yes Yes Yes
Respondent FE: No Yes No Yes
Observations 10,392 10,400 10,392 10,400
Adjusted R2 0.038 0.790 0.084 0.400
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TABLE 3: SUMMARY OF SYMBOLS, KEY VARIABLES, AND PARAMETERS

This table summarizes the symbols, and parameters used in the baseline model. The panel A denotes preferences
and markets parameters and values used in our model’s baseline specification. Panel B displays parameters involving
health and labor earning process.

Panel A: Assigned
Parameters Symbol
Risk-free rate r 2%
Subjective discount rate ρ 4%
Coefficient of relative risk aversion γ 5
Expected return of market portfolio µS 10%
Volatility of market portfolio σS 20%

Panel B: Calibration: Preference Parameters and Labor Income
Parameters Symbol
Consumption multiplier in good health K1 0.86
Consumption multiplier in fair health K2 0.86
Consumption multiplier in poor health K3 1.00
Bequest Motive k4 1.68
Leisure while working ℓ 0.42

Expected earning growth in good health µ1 −3.00%
Expected earning growth in fair health µ2 −1.70%
Earning growth volatility in good health σ1 5.69%
Earning growth volatility in fair health σ2 5.98%

Panel C: Calibration: Health Capital Dynamics
Parameters Symbol Objective Subjective
Average time in good health 1/λ1, 1/δ1 4.60 2.46
Average time in fair health 1/λ2, 1/δ2 12.38 6.68
Average time in poor health 1/λ3, 1/δ3 6.47 9.96
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TABLE 4: AVERAGE RETIREMENT EXPECTATION AND EQUITY EXPOSURES

This table reports the empirical retirement expectations in the sample and the corresponding industry-average equity
exposures in target-date funds. We first divide all individuals in the sample along two dimensions, health and time
until retirement. Specifically, there are two groups along health such that one group has better health than the average
of self-reported health status while the other group has worse health. For time until retirement, we divide the sample
into three groups. Panel A presents agents in good health, while Panel B presents those in fair health. The data is
organized by time until retirement, and grouped in five year increments.

Panel A: Good Health
Time until Retirement (year)
0 − 5 5 − 10 10 − 15

Objective Retirement Expectation 3.86 7.85 12.30
Subjective Retirement Expectation 3.64 5.28 7.96
Equity Exposures in TDF 50.55% 53.50% 58.33%

Panel B: Fair Health
Time until Retirement (year)
0 − 5 5 − 10 10 − 15

Objective Retirement Expectation 3.87 7.73 12.30
Subjective Retirement Expectation 3.31 5.11 7.57
Equity Exposures in TDF 49.96% 53.20% 57.63%
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Appendix A Supplemental Figures and Tables
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(a) Case I, Econometrician observes retirement

∆t = 4
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(b) Case II, Econometrician doesn’t observe retirement

FIGURE IA1: RETIREMENT OBSERVATIONS ARE RIGHT CENSORED

This figure illustrated the issue of right censoring in the health and retirement data. Panel A illustrates the case where
the event date, retirement of the individual, is observed prior to the end of the last study wave. Panel B contrasts this
by demonstrating that the retirement date may not be observed prior to the end of the final study wave. The event
date of interest goes unobserved, yet, the work period ∆t that should be incorporated in the estimation.
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FIGURE IA2: DECOMPOSITION OF ERROR

This figure plots the error in retirement expectations from survey respondents, and decomposes the sample based on
the source of the observations. Red bars correspond to observed retirement events in the HRS sample, as defined in
the paper. These represent a majority of the observations. Blue bars correspond to respondents that did not retire by
the end of the sample. To conservatively estimate the retirement events, the study assumes the respondents will retire
by the next interview wave. Imputation of unobserved retirement date is described in the Appendix.
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FIGURE IA3: ABSOLUTE ERROR VERSUS LIFE EXPECTANCY

This figures illustrates the relationship between retirement expectations and actuarial life remaining of survey par-
ticipants. The dotted line drawn through the origin represents the point where ones actuarial life is equal to their
expected time until retirement. The sample is split with males represented by green dots and females by red dotes.
The figure shows that individuals overwhelmingly project to retire prior to their end of life.
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Appendix B Proofs

Define positive and negative root α±i of the following quadratic equation for i ∈ {1, 2}:

β2
i3
2

a2 −
(

βi1 − βi2 +
β2

i3
2

)
a − βi2 = 0 (19)

where βij for i ∈ {1, 2} and j ∈ {1, 2, 3} are given by

βi1 = r + λi − µi + σiη (20)

βi2 = ρ + δi +
1
2

σ2
i γ(1 − γ)− µi(1 − γ) (21)

βi3 = γσi − η (22)

We assume that σiγ , η, which implies βi3 , 0. Similarly, define positive and negative root ϕ±
i of the following

quadratic equation:
β2

i3
2

a2 −
(

β2
i3
2

− µix

)
a − δi = 0

where µix is defined as
µix = βi2 − βi1 − (1 − γ)βi3σi. (23)

We also define positive and negative root ϕ̃±
i of the following quadratic equation:

β2
i3
2

a2 −
(

β2
i3
2

− µix

)
a − λi = 0.

Proposition 1
We first solve agent’s value function after retirement in poor health status. The HJB equation is given by

(ρ + δ3)V3 = max
C,B,Π

(K3C)1−γ

1 − γ
+ δ3

(k4B)1−γ

1 − γ
+ (rW + Π(µS − r) + λ3(W − B)− C)

∂V3
∂W

+
1
2

Π2σ2
S

∂2V3

∂W2

We conjecture that the value function takes the form:

V3(W) =
(k3W)1−γ

1 − γ

First-order conditions imply that the optimal policies are given by (6) – (8). Substituting optimal policies, we obtain
k3 with i = 3:

ki =

{(
Kψ−1

i +
δi − (1 − γ)λi

γ
θ
−ψ
i kψ−1

i+1

)
νi

} γ
1−γ

where νi is given by

νi =
γ

ρ + δi − (1 − γ)
(

r + λi +
η2

2γ

)
Similarly, we can solve agent’s value function after retirement in good or fair health status by working backward since

now upon health shock with intensity δi, the agent obtains the value function (ki+1B)1−γ

1−γ . We assume that νi > 0.

Theorem 1
Let xi denote the marginal utility of wealth at the retirement boundary of wealth wi in health status i. Then the
condition that wt < wi is naturally equivalent to xi < xt. Similarly, let xi denote the marginal utility of wealth at
zero wealth. Then the marginal utility of wealth xt must always below xi. In sum, while the agent is working, the
wealth-earning ratio satisfies 0 ≤ wt < wi or equivalently the marginal utility of the wealth-earning ratio satisfies
xi < xt ≤ xi.

Since the market is complete, the agent can hedge her health shock by trading health insurance, and the marginal
utility of wealth can be smoothed out. This implies that given the marginal utility of wealth at retirement boundary
and zero wealth in fair health, x2 and x2, there are three possible cases:
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1. x2 ≤ x1 < x1 ≤ x2

2. x1 < x2 < x1 ≤ x2

3. x1 < x1 ≤ x2 < x2

Notice that to satisfy the borrowing constraint in both good and fair health, we should have x1 ≤ x2. In the first
case, the agent working in good health always continues to work upon a health shock since the marginal value of
wealth x ∈ (x1, x1] continues to be higher than x2. In the third case, the agent working in good health always retires
immediately upon a health shock since the marginal value of wealth x ∈ (x1, x1] will be equal or smaller than x2.
In the second case, depending on the level of pre-shock marginal value of wealth, the agent working in good health
might continue to work or retire immediately. Thus, the minimum wealth-earning ratio from which the agent working
in good health retires immediately upon a health shock can be recovered using the relation x2 = p

′
1(w1). In the main

text, we assume that w1 ∈ (0, w1) or equivalently the second case. In the appendix Appendix C.2, we solve the other
two cases.

Based on the above discussion, we can see that an agent working in fair health and an agent working in good
health with wealth-earning ratio equal or greater than w1 or equivalently marginal value of wealth equal or smaller
than x2 can be nested. Thus, we first consider general health status, i ∈ {1, 2} here. We transform the HJB equation
into the one in terms of the marginal utility of wealth x = p

′

i(w). Specifically, we conjecture that the value function
takes (17). We can find the partial derivatives of Ji(W, Y) using x and the function ji(x):

∂Ji(W, Y)
Y−γ∂W

= x

∂Ji(W, Y)
Y−γ∂Y

= (1 − γ)ji(x) + γxj
′

i(x)

∂2 Ji(W, Y)
Y−γ−1∂W2 = −(j

′′

i (x))−1

∂2 Ji(W, Y)
Y−γ−1∂W∂Y

= −
{

γx + j
′

i(x)(j
′′

i (x))−1
}

∂2 Ji(W, Y)
Y−γ−1∂Y2 = −

{
γ(1 − γ)ji(x) + γ2xj

′

i(x) + j
′

i(x)2(j
′′

i (x))−1 + γxj
′

i(x)
}

We can also establish the relation between w and x, using the function ji(x). Differentiate (17) with respect to w. Then
we obtain

p
′

i(w) = −xj
′′

i (x)p
′′

i (w),

which implies that

p
′′

i (w) = − 1
j′′i (x)

, (24)

due to (18). Thus we can conclude that −j
′

i(x) is the inverse function of p
′

i(w):

w = −j
′

i(x). (25)

Now, substitute (17), (18), (24), and (25) into optimal policies, we obtain

c(x) = (ℓKi)
ψ−1x−ψ (26)

b(x) = kψ−1
i+1 (θix)−ψ (27)

π(x) =
µS − r

σ2
S

xj
′′

i (x)− σi
σS

{
γxj

′′

i (x) + j
′

i(x)
}

(28)

Substituting the optimal policies and partial derivatives of Ji(W, Y) into (9), we obtain

βi2 ji(x) = x −
{
(ℓKi)

ψ−1 + δi k̂
ψ−1
i+1

} x1−ψ

1 − ψ
− (βi1 − βi2)xj

′

i(x) +
1
2

β2
i3x2 j

′′

i (x) (29)

where βi1, βi2, βi3 are given in (20) – (22), and k̂i+1 = ki+1
θi

.

The boundary conditions can be also stated in terms of the dual variable. The boundary conditions at xi = p
′

i(wi)
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are now written as

ji(xi) = −
(xi)

1−ψkψ−1
i

1 − ψ
(30)

j
′

i(xi) = −(xi)
−ψkψ−1

i (31)

If the agent is in poor health, we have following boundary conditions at x2 = p
′
2(0):

j
′
2(x2) = 0 (32)

j
′′
2(x2) = 0 (33)

We conjecture that for x ∈ (x2, x2] when the agent is in fair health i = 2 and for x ∈ (x1, x2] when the agent is in good
health i = 1, the function ji(x) takes the following form:

ji(x) = Ai0x − Ai1
x1−ψ

1 − ψ
+ Ai2xα+

i + Ai3xα−
i (34)

where α±i is the positive and negative root of (19). Substituting this into (29), we obtain Ai0 and Ai1

Ai0 =
1

βi1
(35)

Ai1 =
{
(ℓKi)

ψ−1 + δi k̂
ψ−1
i+1

}
νi (36)

For j2(x), to determine A22, A23, x2, and x2, we use four boundary conditions at x2, and x2, (30), (31), (32), and (33).
After tedious calculations, we can find A22, A23, x2, and x2 explicitly:

A22 =
A21(1 − ψ − α−2 )

α+2 (α+2 − α−2 )
(x̄2)

1−ψ−α+
2 −

1 − α−2
α+2 (α+2 − α−2 )β21

(x̄2)
1−α+

2

A23 =
A21(α

+
2 − 1 + ψ)

α−2 (α+2 − α−2 )
(x̄2)

1−ψ−α−
2 −

α+2 − 1
α−2 (α+2 − α−2 )β21

(x̄2)
1−α−

2

x2 =


(
(A21 − kψ−1

2 )

1 − ψ
ξ1−ψ−α−

2 − A21

α−2

)
(α+2 − 1 + ψ)β21(

ξ1−α−
2 − (α−2 )−1

)
(α+2 − 1)


γ

x2 = ξx2

where ξ ∈ (0, 1) is the unique solution to q(ξ) = 0, where

q(ξ) ≡

 (ℓK2)
ψ−1 − Kψ−1

2

(1 − ψ)
{
(ℓK2)ψ−1 + δ2 k̂ψ−1

3

} ξ(1−ψ−α−
2 ) − 1

α−2

(ξ1−α+
2 − 1

α+2

)
(α+2 − 1 + ψ)(α−2 − 1)

−

 (ℓK2)
ψ−1 − Kψ−1

2

(1 − ψ)
{
(ℓK2)ψ−1 + δ2 k̂ψ−1

3

} ξ1−ψ−α+
2 − 1

α+2

(ξ1−α−
2 − 1

α−2

)
(α−2 − 1 + ψ)(α+2 − 1)

For j1(x), we still need to figure out A12, A13, x1, and x1, which will be numerically determined by boundary
conditions.

Next we consider an agent working in good health with marginal value of wealth greater than x2 separately.
Suppose that pre-shock wealth satisfies w ∈ [0, w1) or equivalently, pre-shock marginal value of wealth satisfies
x ∈ (x2, x1]. Substituting (17), (18), (24), and (25) into optimal policies and (9), we obtain

β12 j1(x) = (1 + δ1 Â20)x −
{
(ℓK1)

ψ−1 + δ1 Â21

} x1−ψ

1 − ψ
+ δ1(Â22xα+

2 + Â23xα−
2 ) (37)

−(β11 − β12)xj
′
1(x) +

1
2

β2
13x2 j

′′
1(x)

where Â20 = A20θ1, Â21 = A21θ
1−ψ
1 , Â22 = A22θ

α+
2

1 , and Â23 = A23θ
α−

2
1 . The boundary conditions can be also stated
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in terms of the dual variable. The boundary conditions at x2 = p
′
1(w1) are now written as

lim
x↑x2

j1(x) = lim
x↓x2

j1(x) (38)

lim
x↑x2

j
′
1(x) = lim

x↓x2

j
′
1(x) (39)

We have following boundary conditions at x1 = p
′
1(0):

j
′
1(x1) = 0 (40)

j
′′
1(x1) = 0 (41)

We conjecture that for x ∈ (x2, x1], the function j1(x) takes the following form:

j1(x) = D0x − D1
x1−ψ

1 − ψ
+ D2xα+

1 + D3xα−
1 + D4xα+

2 + D5xα−
2 (42)

Substituting (42) into (37), we obtain

D0 =
1 + δ1 Â20

β11
(43)

D1 =
{
(ℓK1)

ψ−1 + δ1 Â21

}
ν1 (44)

D4 =
δ1 Â22

β12 + (β11 − β12)α
+
2 − 1

2 β2
13α+2 (α+2 − 1)

(45)

D5 =
δ1 Â23

β12 + (β11 − β12)α
−
2 − 1

2 β2
13α−2 (α−2 − 1)

(46)

The boundary conditions at x1, x2, and x1 give us six equations involving A12, A13, D2, D3, x1, and x1, which can be
solved numerically. First, we can find D2, D3, A12, and A13 given x1, and x1 using (30), (31), (40), and (41):

D2
D3
A12
A13

 = M−1P

where M and P are given by

M =


0 0 xα+

1
1 xα−

1
1

0 0 α+1 xα+
1

1 α−1 xα−
1

1

α+1 xα+
1

1 α−1 xα−
1

1 0 0

α+1 (α+1 − 1)xα+
1

1 α−1 (α−1 − 1)xα−
1

1 0 0



P =


−A10x1 + A11

x1−ψ
1

1−ψ − x1−ψ
1 kψ−1

1
1−ψ

−A10x1 + A11x1−ψ
1 − x1−ψ

1 kψ−1
1

−D0x1 + D1x1−ψ
1 − α+2 D4xα+

2
1 − α−2 D5xα−

2
1

−ψD1x1−ψ
1 − α+2 (α+2 − 1)D4xα+

2
1 − α−2 (α−2 − 1)D5xα−

2
1


Second, given D2, D3, A12, A13, x1, and x1, examine whether (38) and (39) are satisfied. Search for x1, and x1 until all
boundary conditions are satisfied.
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Proposition 2
We can express the dynamics for wealth-earning ratio wt using Ito’s formula as

dwt =
dWt
Yt

− wt
dYt
Yt

−
〈

dWt
Yt

,
dYt
Yt

〉
+ wt

〈
dYt
Yt

,
dYt
Yt

〉
=

{
(r + λi − µi + σ2

i )wt + σSπ(η − σi) + 1 − c − λib
}

dt

+(πσS − wtσi)dZt

Substituting optimal policies, we obtain the drift of w equal to

−xj
′′

i (x) {βi2 − βi1 − (1 − γ)βi3σi} −
β2

i3
2

x2 j
′′′

i (x)

Similarly, we can find the volatility of w:
−βi3xj

′′

i (x)

Now, applying Ito’s lemma to x = p
′

i(w), we obtain

dxt = p
′′

i (wt)dwt +
1
2

p
′′′

i (wt) ⟨dwt, dwt⟩

= − 1
j′′i (xt)

dwt −
j
′′′

i (xt)

2
{

j′′i (xt)
}3 ⟨dwt, dwt⟩

= xtµixdt + xtβi3dZt

where the drift µix is given in (23).
Define a function Gi(x, ψ) for x ∈ (xi, xi):

Gi(x, ψ) = E
[
e−ψ(τR−t)|xt = x, i

]
We can interpret Gi(x, ψ) as the present value of one dollar at either voluntary retirement or the first time that agent’s
health reaches poor regime, whichever is earlier using a discount rate ψ. Then, we can see that

gi(x) ≡ ∂Gi(x, 0)
∂ψ

= −E [τR − t|xt = x, i]

Observe that Gi(x, ψ) solves

(ψ + δi)Gi(x, ψ) = δi max(Gi+1(x, ψ), 1) + µixx
∂Gi(x, ψ)

∂x
+

β2
i3x2

2
∂2Gi(x, ψ)

∂x2 ,

where G3(x, ψ) = 1, G2(x, ψ) = 1 if x ≤ x2, and G2(x, ψ) < 1 otherwise. Differentiate with respect to ψ and evaluate
at ψ = 0:

δigi(x) = −1 + δi min(gi+1(x), 0) + µixxg
′

i(x) +
β2

i3x2

2
g
′′

i (x) (47)

where g3(x) = 0, g2(x) = 0 if x ≤ x2, and g2(x) < 0 otherwise. At x = xi, we should have gi(xi) = 0, and at x = xi, x
is bounded so that we should have g

′

i(xi) = 0. When i = 1, g1(x) should be continuous and smooth at x = x2, which
implies

lim
x↑x2

g1(x) = lim
x↓x2

g1(x)

lim
x↑x2

g
′
1(x) = lim

x↓x2

g
′
1(x)

We conjecture that for x ∈ (x1, x2] if i = 1 and for x ∈ (x2, x2] if i = 2,

gi(x) = − 1
δi

+ Ci1xϕ+
i + Ci2xϕ−

i , (48)
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Boundary conditions imply

C21 = − 1
δ2

ϕ−
2

ϕ+
2
(x2)

−ϕ+
2

(
x2
x2

)−ϕ−
2
{

1 −
ϕ−

2
ϕ+

2

(
x2
x2

)ϕ+
2 −ϕ−

2
}−1

C22 =
1
δ2
(x2)

−ϕ−
2

{
1 −

ϕ−
2

ϕ+
2

(
x2
x2

)ϕ+
2 −ϕ−

2
}−1

When i = 1 and x ∈ (x2, x1), we conjecture that

g1(x) = − 1
δ1

− 1
δ2

+ B1xϕ+
1 + B2xϕ−

1 + B3xϕ+
2 + B4xϕ−

2 (49)

Substituting (49) into (47), we obtain

B3 =
δ1C21

δ1 − µ1xϕ+
2 − β2

13
2 ϕ+

2 (ϕ+
2 − 1)

B4 =
δ1C22

δ1 − µ1xϕ−
2 − β2

13
2 ϕ−

2 (ϕ−
2 − 1)

Finally, C11, C12, B1, and B2 can be found by boundary conditions. Specifically, C11, C12, B1, and B2 are given by
B1
B2
C11
C12

 = M−1P

where M and P are given by

M =


0 0 xϕ+

1
1 xϕ−

1
1

ϕ+
1 xϕ+

1
1 ϕ−

1 xϕ−
1

1 0 0

xϕ+
1

2 xϕ−
1

2 −xϕ+
1

2 −xϕ−
1

2

ϕ+
1 xϕ+

1
2 ϕ−

1 xϕ−
1

2 −ϕ+
1 xϕ+

1
2 −ϕ−

1 xϕ−
1

2



P =


1
δ1

−ϕ+
2 B3xϕ+

2
1 − ϕ−

2 B4xϕ−
2

1
1
δ2
− B3xϕ+

2
2 − B4xϕ−

2
2

−ϕ+
2 B3xϕ+

2
2 − ϕ−

2 B4xϕ−
2

2


Similarly, the objective expected time-to-retirement can be obtained by replacing ϕ±

i with ϕ̃±
i , and δi with λi in (48)

and (49).
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Appendix C Arguments Omitted from the Text

Appendix C.1 Welfare Cost of Deviation from Optimal Policies
Let p∗i (w) denote the value function associated with the optimal policies, c∗(w), b∗(w), π∗(w), and w∗

i under the
objective beliefs of health transition rates. Now, consider the optimal policies, c(w), b(w), π(w), and wi under agent’s
subjective beliefs. Let Ji(W, Y) = Y1−γ pi(w) denote the value function associated with these policies under the
objective beliefs. Then, for w ∈ [wi, wi], pi(w) solves the following ODE

(ρ + λi)pi(w) = U(ℓKic(w)) + λiU(ki+1b(w)) + (rw + πσSη + λi(w − b(w)) + 1 − c(w))p
′

i(w) (50)

+µi((1 − γ)pi(w)− wp
′

i(w)) +
1
2

π(w)2σ2
S p

′′

i (w)− π(w)σSσi(γp
′

i(w) + wp
′′

i (w))

−1
2

σ2
i

{
γ(1 − γ)pi(w)− 2γwp

′

i(w)− w2 p
′′

i (w)
}

Boundary conditions are given by

pi(wi) =
(kiwi)

1−γ

1 − γ

At zero wealth, we have{
ρ + λi − µi(1 − γ) +

1
2

σ2
i γ(1 − γ)

}
pi(0) = U(ℓKic(0)) + λiU(ki+1b(0))

+(−λib(0) + 1 − c(0))p
′

i(0)

We solve the above ODE numerically. For w∈ (0, w1), p1(w) solves (50) by replacing U(k2b(w)) with p2(b(w)).

Appendix C.2 Immediate Retirement / Continuation of Employment
Suppose that x1 and x1 satisfy

x2 ≤ x1 < x1 ≤ x2

Then, the agent working in good health always continues to work upon a health shock. The function j1(x) takes the
same form as (42) with D0, D1, and D4 in (43) – (45). The boundary conditions at x1 and x1 give us four equations
involving D2, D3, x1, and x1, which can be solved numerically.

Now suppose that x1 and x1 satisfy
x1 < x1 ≤ x2 < x2

Then, we have a case in which the agent working in good health always retires immediately upon a health shock. The
function, j1(x) takes the same form as (34) with A10 and A11 in (35) – (36). The boundary conditions at x1 and x1 give
us four equations involving A12, A13, x1 and x1, which can be solved numerically.
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Appendix D Details of Calibration
We take the subjective survival probability function from the estimates in Heimer, Myrseth, and Schoenle (2019) and
objective one from the 2010 SSA Period Life Tables to calibrate subjective and objective beliefs over health capital
dynamics. Figure IA4 plots the cumulative probability of surviving to age 95 based on the estimated subjective
survival probability function and the actuarial data.

When we calibrate health capital dynamics, we vary the starting age, ai, of each health state. That is, when
individual’s health status reaches the average health condition at age ai, it can be interpreted as her being in health
state i regardless of her actual age. First, we fix the starting age of good health at a1 = 50 since we interpret an age
of 0 in our model as the beginning of a living individual’s age of 50 in real life. Fair and poor health then will be
defined as the average health at specific age. Then, we can recover subjective and objective transition rates in each
health regime using corresponding cumulative probability of surviving to age 95. For example, if we define poor
health as the average health at age 85, then subjective and objective cumulative probability of surviving to age 95 is
given by exp(−δ3(95 − 85)) = 36.17% and exp(−λ3(95 − 85)) = 19.85%, respectively, which implies that a subjective
and objective mortality rate in poor health should be δ3 = 0.10 and λ3 = 0.16, respectively. Similarly, we can recover
subjective and objective transition rates in fair and good health once we choose age at which the average health can be
interpreted as fair. This implies that by determining two ages, a2 and a3 at which the average health can be interpreted
as fair and poor, we can recover objective and subjective beliefs of health transition rates in each health state.

Our calibration exercise indicates that the average health at age 56 and 85 can be interpreted as fair and poor.
Then, using the objective and subjective cumulative survival probability to age 95 based on the estimates in Heimer,
Myrseth, and Schoenle (2019) and actuarial data, we recover transition rates in each health state.
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FIGURE IA4: CUMULATIVE PROBABILITY OF SURVIVAL

This figure plots the cumulative probability of survival up to 95 years, given age. The horizontal axis corresponds
to the age of the agent. The vertical axis corresponds to the survival probability. We take the subjective survival
probability function from the estimates in Heimer, Myrseth, and Schoenle (2019): st+1|t = 0.933 + 0.149 × 100t −
0.320 × (100t)2, where t = Age − 28. The solid line shows the cumulative probability of surviving to age 95, given
actuarial data from the Social Security Administration.

56



Appendix E Heterogeneity in Errors
Our baseline approach is to employ a linear estimation strategy to relate the errors in expectations to socioeconomic
characteristics that are likely to affect the respondent’s retirement decision.

Our main empirical approach uses a panel regression and estimates:

Yit = X′
itβ + δi + δc + δt + δr + εit, (51)

where i and t index survey respondent and date, respectively. Controls variables Xit include individual level
characteristic such as socioeconomic status. For all estimates, we include year, cohort, and regional fixed effects, δt,
δc, and δr, respectively, to control for time trends, cohort effects, and variation driven by geographic regions. We also
include respondent fixed effects, δi, in certain estimates to control for time-invariant characteristics of respondents.

We are careful in specifying our dependent variable, Yit. Our baseline approach uses the difference between real-
ized time until retirement, from when expectations were formed, and the expectations themselves. This is expressed
in Equation 1. To address concerns that errors will mechanically be larger for long-run estimates, we scale our errors
by the expectations. This is expressed in Equation 2. As discussed below, our results are qualitatively similar when
using either dependent variable.

We document new important facts between errors in expectations and the socioeconomic characteristics of the
respondents. Our key dependent variables are absolute errors and the log of relative errors in columns (1)-(2) and
(3)-(4), respectively.20 We include respondent level fixed effects in the even columns, (i.e. 2 and 4).

Our initial estimates in columns (1) of Table 2, suggests that real wages and real wealth positive relate to errors in
expectations. This is not surprising, especially given the fact that as people approach retirement, their real earnings
decrease.

The level of health is positively related to errors. Again, this matches the data where younger, and typically
healthier respondents, are further from their ultimately retirement. This estimate is also consistent with our we model
agents in the prior section, with those in greater health likely further from their future retirement date.

We consider how the respondent’s attitude towards risk relates to the errors in expectations. To measure the risk
aversion, the HRS survey asks the respondent to choose between pairs of jobs where one guarantees current family
income and the other offers a chance to increase income but also carries the risk of loss of income. Depending on
their response, odds of the scenario is updated and the question is asked again. Using these responses, the survey
estimates a their attitude towards risk. Using the survey’s estimates of risk aversion, we standardize these scores to
have a mean of zero and standard deviation of one to ease its interpretation.

Estimates suggest that the standardize measure of risk-aversion of the respondents errors do not relate to the
errors in expectations. Statistically insignificant, these results suggest that when controlling for other health and
social-economic factors, attitudes towards risks do not relate to errors. Consistently, when calibrating the model to
estimate welfare costs, we keep constant the risk-aversion parameter to be factual with the underlying data.

Further, we consider the financial planning horizon of the respondents. This is measured is derived from the
question – In planning your family’s saving and spending, which time period is most important to you? Not surpris-
ingly, we find that the planning horizon of the respondent negatively relates to the size of the errors – those who have
a longer financial planning horizon make smaller errors. This is inline with our expectations that people who think
more attention to long-run financial decisions should have smaller errors when forecasting.

We turn our attention to race and gender and find striking evidence that black and female respondents overesti-
mate when they will retire. Estimates from columns (1) suggest that black respondents had positive errors of 1.2 years,
while female respondents on average had positive errors by of 0.38 years. These results are troubling, especially given
the recent literature documenting the disparity in gender and race in financial markets. While we control for pref-
erences that could be driving this (Croson and Gneezy, 2009; Marianne, 2011), these biases persist. These estimates
suggest that biases in expectations may be more costly for these groups.

The study is cautious when interpreting these results, as the empirical strategy does not allow us to make causal
statements. It is likely that there is an unobserved factors that relates to the errors that also correlates with being black
and a female. While we are unable to pin this down, it is still suggestive that errors, and the cost associated with
them, disproportionately affect these sub-populations.

We next include respondent fixed effects in columns (2) and (4) of Table 2 to study how changes at the respondent-
level relate to errors in expectations. Importantly, this specification controls for time-invariant characteristics of indi-
viduals, with covariates interpreted as their change over time.

Our within estimates provide clear patterns that errors decrease with the passage of time. Specifically, column
(2) suggests that errors shrink as real earnings decrease, as they transition to poorer health, and as they face declines
in their cognitive ability. These results are consistent with a income effect, where workers are induced to take more
leisure, Lazear (1986). Focusing on column (2), we find that a one year increase in age relates to a decrease in errors

20We take the log of relative errors to address issues of skewness in the data
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by 0.79 years. Similarly, a standard deviation change in health and cognitive ability relates to a decrease in errors by
0.213 years and 0.28 years.

When using the relative errors in expectations as our dependent variable, we find qualitatively similar results.
Presenting our results in column (4), we find that real earnings, aging, and real wealth appear to relate statistically to
relative errors in expectations. These relationships persist across specifications, suggesting that the factors are likely
affecting the biases in expectations in respondents.

58



Appendix F Determinants of Retirement Decisions
While we document biases in expectations and estimation errors, it is also important to also understand what drives
retirement decisions. Studying this question provides insights into what matters to respondents. Finding that socioe-
conomic characteristics matter both for retirement decisions and errors would suggest that investors are attentive but
make mistakes in forecasting their health, earnings, and wealth.

An appropriate estimation method for the available data and question is a hazard model.21 This is a popular
method due to the flexibility of its baseline hazard function, and the econometrician avoids having to make arbitrary
and possibly incorrect assumptions about the form of the baseline hazard function,

h (t|X, P) = h0 (t) exp
{

β′X
}

(52)

The first factor, h0 (t), is the baseline hazard function and is left unspecified. The second factor, exp {β′X} is the
shift factor, with the regressors entering linearly. Note that, if the covariate is equal to zero, the shift factor equals one
and does not contribute to the hazard rate.

We estimate the hazard model using the entire sample and find that the decision to retire is driven by a multitude
of factors. Estimates in Table IA1 suggest that higher levels of wealth and earnings both positively relate to retiring.
Aging also relates to retiring. A standard deviation in self-reported health relates to a 20% higher probability of
retiring. Although these relationships are associative, they are helpful in understanding which factors do, and do not,
affect retirement decisions.

21The following discussion is based on Kiefer (1988), Lancaster (1992), and chapters 17-19 of Cameron and Trivedi
(2005).
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TABLE IA1: HAZARD MODEL ESTIMATING RETIREMENT

This table presents the estimates from a cox proportional hazard model. The sample uses the entire dataset and the
event is the first observed retirement, as described in the paper. The total number of observations is 24607, with the
number of retirement events equal to 16375.

Variable Estimate Standard Error Statistic P-value

log(Real Earnings) 0.0344 0.0093 3.6871 2e-04
log(Real Total Wealth) 0.0151 0.006 2.5368 0.0112
Age 0.0586 0.0015 39.0379 0
Risk Aversion 0.0367 0.0087 4.2291 0
Health -0.1882 0.0098 -19.2951 0
Cognition -0.116 0.0194 -5.9628 0
Financial Planning Horizon 0.0027 0.0018 1.4727 0.1408
Education -0.0148 0.0031 -4.7061 0
Black -0.0623 0.023 -2.7072 0.0068
Female 0.0358 0.0173 2.0725 0.0382
Married -0.0014 0.0192 -0.0752 0.9401
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